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PE3IOME

Mpe3 neproga 2016-2017 r. B VIHC-
TUTYT N0 doypaxHuTe Kyntypu - MnieBeH
npv nabopaTtopHM YCMOBMS € NpoyyYeHa
YyyBCTBUTE/NIHOCTTA Ha wWecT obpaseua
TexHunyecko copro (metna) (Sorghum
vulgare var. technicum Kd&rn.) Kbm
xepbuumnante Qyan fong 960 EK; (960 g/l
S-meTonaxnop); 3eHkop 600 CK (600 g/l
MeTpuby3uH); Jlymakc 538 CK (375 g/l s-
MeTonaxnop + 125 g/l TepbyTtnnasvH +
37.5 g/l me3oTpuoH); Kanmucto 480 CK
(480 g/l me3oTpuoH); Ctomn Akea (455
g/l neHammeTanvH) n MepnuH ®nekc 480
CK (240 g/l wnzokcacdhnyton + 240 gl
yunpocyndamui) BbpXy NokKb/IBAHETO Ha
CeMeHaTa M MbpBOHAYa/IHOTO pa3BUTME
Ha pacTeHusiTa npy 1abopaTopHW YC/I0BUS.

YcTaHoBeHO e, ye: 3eHkop 600 CK,
Kanncto 480 CK, Ctomn AkBa n MepnuH
®nekc 480 CK He oKO3BaT CTaTUCTUYECKU
JokazaH nHxnoupawy, edekt (IR ot 0.0 go
16.4%), Bbpxy nabopatopHaTa KbJiHsie-

SUMMARY

During the period 2017-2018 at the
Institute of Forage Crops - Pleven was
studied sensitivity of six broomcorn
(Sorghum vulgare var. technicum Koérn.)
accessions to the herbicides Dual Gold
960 EC (960 g/l S-metolachlor);
Sencor 600 SC (600 g/l metribuzin);
Lumax 538 SC (375 g/l s-metolachlor +
125 g/l terbuthylazine + 37.5 g/l
mesotrione); Callisto 480 SC (480 g/l
mesotrione); Stomp Aqua (455 g/l
pendimethalin) and Merlin Flexx 480 SC
(240 g/l isoxaflutole + 240 g/l
cyprosulfamide) on seed germination and
the initial development of plants, under
laboratory conditions.

It was found that: Sencor 600 SC,
Calisto 480 SC, Stomp Aqua and Merlin
Flexx 480 SC do not show statistically
significant inhibitory effects (IR from 0.0 to
16.4%), on the seed germination of
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MOCT Ha 06pasuuTe TEXHUYECKO COpro
(metna) (Prima, GL15A, PL 16, MI16N n
Scegedi 1023), B cpaBHEHME C KOHTPOSI-
HWTE BapuaHTW; C OTHOCUTesNleH fobpa
TonepaHTHocT (TI) n Hait-cnab obuy gouTo-
ToKcmyeH edpekt (OFE) ce otnvuasar
obpasuute TexHuMyecko copro (MeTna)
MI16N, GL15A, Prima wn PL16 cneg
TpetnpaHe ¢ MepnvH ®nekc 480 CK, a
OTHOCUTENIHO BUCOK 06l (DUTOTOKCUYEH
edpekT e oTyeTeH npu obpasel, S14 cnepn
TpetnpaHe cbc CToMn AKBa, Kakto u
AS17P un GL15A npu npunoxeHuve Ha
3eHkop 600 CK; npunioxeHuTe Hak-HUCKN
[o3n Ha MepnuH ®nekc 480 CK - 21.0
ml/da n Kanumcto 480 CK - 15 ml/da okas-
BaT CTATUCTMYECKN AOoKasaH CTUMY/MpalLL
edoekT (xopme3unc) BbpXy naboparopHaTa
Kb/IHEMOCT Ha cemeHaTa npu obpasel,
S14 (po 25.7%), KakTO W CTUMYy/MpaLy,
edekT BbpXy HapacTBaHETO Ha Ab/IKMHA
Ha kbsiHa (oT 11.9 o 16.1%) npu o6pas-
um S14 n Szegedi 1023, KoeTo onpenens
MHTepeca 3a BK/IIOYBAHETO UM B CeSiek-
LWOHHUTE MporpamMu, Kato JOHOpW 3a To-
NIEPaHTHOCT KbM Xepouuman Cbabpxaiim
aKTUBHO BELLECTBO ME30TPUOH W/Wn n3o-
Kcadh/lyToN; ycTaHOBEHA € eKBMBAaJ/IEHT-
HOCT MeX[y CeNeKTMBHOCTTa Ha Xxepobuum-
OVTe oTyeTeHa upe3 KOoeMUMEHTHT Ha
NHXMBbMpaHe Npy HapacTBaHETO Ha KOPEH,
cTeb6/10 1 Kb/IHOBETE U CTOWHOCTUTE Ha
06WMAT PUTOTOKCUYEH edekT B Hadasl-
HWUTe eTanu OT Pa3BMTUETO Ha TecTBaHuTe
06pasuu TexHU4ecko copro (MeTna).
KnoyoBn  Aymu:  Kb/IHAEMOCT,
cemMeHa,  Xxepouuman,  CeNneKTUBHOCT,
Sorghum vulgare var. technicum [K6rn.]

yBO/[,

TexHunyeckoto  copro  (MeTna)
(Sorghum vulgare var. technicum Kaorn.)
nputexasa BWUCOK MNPOAYKTUBEH MOTEH-
Unasn, MHOrocTpaHHO npunioxeHue (dy-
pax 3a XMBOTHUTE, CYPOBUHA 3@ NPOMMULL-
JIeHOCTTa, NPOM3BOACTBOTO Ha 6roropusa
WU Op.) 1 MMa LMPOKOOOGXBATHOTO WMKOHO-
MWYECKO, COLMAHO MU EKOSIOTMYHO 3Haue-
Hue (Bibi et al. 2010; Serna-Saldivar et
al., 2012; Cifuentes et al., 2014).

broomcorn  (Sorghum  vulgare var.
technicum Korn.) accessions (Prima,
GL15A, PL 16, MI16N and Scegedi 1023),
compared to control variants in laboratory
conditions; with the relative good
tolerance (TI) to herbicides and the lowest
total phytotoxic effect (OFE) broomcorn
accessions are distinguished MI16N,
GL15A, Prima and PL16 after treatment
with Merlin Flexx 480 SC and a relatively
high phytotoxic effect (OFE) has been
reported in sample S14 after treatment
with Stomp Aqua, as well as AS17P and
GL15A at the applied Sencor 600 SC; the
lowest applied doses of Merlin Flexx 480
SC - 21.0 ml/da and Callisto 480 SC - 15

ml/da had a statistically significant
stimulating effect  (hormhese) on
laboratory seed germination at the

accession S14 (up to 25.7%), as well as a
stimulating effect (11.9 to 16.1%) in
accessions S14 and Szegedi 1023, which
determines the interest in their inclusion in
the breeding programs,as donors for
tolerance to herbicides containing the
active substance mesotrione and/or
isoxaflutole; an equivalence between the
selectivity of the herbicides as measured
by the growght inhibition of root, stem and
seedling and the values from overall
phytotoxic effect (OFE) in the early stages
of development of the tested broomcorn
(Sorghum vulgare var. technicum [Kdrn.])
accessions.

Key words: germination, seeds,
herbicides, selectivity, Sorghum vulgare
var. technicum [K&rn.]

INTRODUCTION

Broomcorn (Sorghum vulgare var.
technicum Koérn.) has a high productive
potential, multifunctional use (feed for
animals, raw material for industry and the
production of biofuels and others) and had

multilateral economic, social and
environmental importance (Bibi et al.
2010; Serna-Saldivar et al.,, 2012;

Cifuentes et al., 2014).
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bnarogapeHne Ha BuUcokara cu
€KO/IorMYyHa NAacTUYHOCT W MNOBULIEHA
YCTONYMBOCT KbM HeGnaronpusiTHu abnoTtny-
HU pakTopu, onpegens Sorghum vulgare
var. technicum [K&rn.] kaTo nepcnekTneHa
KynTypa 3a BK/louBaHe B centboobpalle-
HYA, B YC/I0BUSA Ha rN106&/1HO 3aTOMNJIsSHE 1
3acywasaHe (Moyer et al., 2003; Berenji
and Dahlberg, 2004; Angelovaet al., 2011,
Stefaniak et al., 2012).

Cnopepf npoyyBaHuaTa Ha Jamshidi
et al. (2011), Fromme et al. (2012), Silva
et al. (2014) 3a peanusupaHe Ha 6100-
rMYHMSA MOTEHUMan Ha BuAoBeTe OT poj
Sorghum, Bk/IUATENHO U nNpu Sorghum
vulgare var. technicum [K&rn.] e TacHO
CBbp3aH ¢ 6aBHUA TEMI Ha OTPacTBaHe U
3annesesisiBaHe B KpUTMYHWM heHodasn
(MOHWKBaHe — TpeTu ANCT) OT pasBUTUETO
um. MNpunaraHeTo Ha Xxepbuumam ¢ BUcoka
CENEKTVBHOCT M3BbH BereTauMoHHUs ne-
pvog, Ha KynTypaTta no3sosnsisa obesneva-
BaHe Ha YNCTW OT M/eBe/IN NOCEBU, KaKTO
1 NoBMLLABaHe Ka4YeCcTBOTO Ha MosyyeHa-
Ta npoaykuusa (Tahir et al., 2005; Bibi et
al., 2012).

CenektvBHoCTTa Ha Xxepbuuunau
npu Sorghum vulgare var. technicum
[K6rn.] B cBeToBeH Mallab e 4acTuMYHO
npoy4yeHa Latifi and Jamshidi (2011) wn
Jinying et al (2013), a y Hac ca KpaliHo
orpaHuyeHn (Marinov-Serafimov et al.,
2017). O606LeHNTe pe3ynTaTy OT ekcne-
pumeHTanHata paborta Ha (Gercheva et
al., 2002; Rankova et al. 2004; Rankova,
2006; Rankova et al., 2006; Dimitrijevi¢, et
al., 2012; Nacheva et al., 2012; Yancheva
et al., 2013; Dimitrijevi¢, et al., 2016) no-
Kas3BarT, Ye M3BBbPLUBAHETO HA CKPUMHWHT 3a
onpefensiHe cefieKTMBHOCTTa Ha Xepbu-
unam npu naboparopHU ycnoBus, NO3BO-
nsiBa NecHo 1 6bp30 andepeHumpaHe Ha
(hMTOTOKCMYHOCTTA MpU peauua Cencko-
CTOMAaHCKN KyATypW, KakTo 1 ycTaHOBSIBAHe
Ha BuJoBaTa M COPTOBA YyBCTBUTE/IHOCT B
paHHWTEe eTanu Ha CeNeKLMOHHUSA npoLec.

Llenta Ha nscneagaHeTo e ycTaHo-
BABaHe CeJ/IeKTMBHOCTTa Ha Xepbuunan
3a MOYBEHO NPWIOXKEHUE, BbPXY NPOpPacT-
BaHETO Ha cemeHaTa W MbpPBOHAYaNHOTO

Due to their high ecological
plasticity and increased resistance to
unfavorable abiotic factors, Sorghum
vulgare var. technicum [K&érn.] is a
perspective culture for inclusion in
rotation, in global warming and drought
conditions (Moyer et al., 2003; Berenji and
Dahlberg, 2004; Angelovaet al., 2011;
Stefaniak et al., 2012).

According to Jamshidi et al. (2011),
Fromme et al. (2012); Silva et al. (2014)
the realization of the biological potential of
Sorghum species as well as Sorghum
vulgare var. technicum [Korn.] depends
on the slow growth rate of the plants and
the weed infestance in critical growth
stage (germination — third leaf) of their
development. The use of herbicides with
hight selectivity after seedling, befor
emergence of the crop allows for
provision of weed-free crops as well as for
the improving the quality of the production
(Tahir et al., 2005; Bibi et al., 2012).

The selectivity of herbicides to
Sorghum vulgare var. technicum [Kérn.]
worldwide has been partially explored
Latifi and Jamshidi (2011) and Jinying et
al (2013) and are extremely limited in our
country (Marinov-Serafimov et al., 2017).
Summarized results of experimental work
by (Gercheva et al., 2002; Rankova et al.
2004; Rankova, 2006; Rankova et al.,
2006; Dimitrijevic, et al., 2012; Nacheva et
al., 2012; Yancheva et al, 2013;
Dimitrijevié, et al., 2016) show that
performing screening to determine the
selectivity of herbicides under laboratory
conditions allows an easy and rapid
differentiation of their phytotoxicity in a
number of agricultural crops, as well as
establishing species and variety sensitivity
in the early stages of the breeding
process.

The aim of the study is to determine
the selectivity of herbicides applied after
sowing, before the emergence of seed
culture and the initial development of
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pa3BuTe Ha obpasun TEXHUYECKO COpPro
(metna) (Sorghum vulgare var. technicum
Kdrn.) 3a oTkpuBaHe Ha o6pasuu c no-
HMCKa YYBCTBUTE/NIHOCT KbM Xepbuuunaw,
KoeTo 61 CnoMOrHaso 3a nosuLiaBaHe Ha
e(heKTMBHOCTTA Ha CENEKLMOHHNISA npoLiec.

MATEPVAJT U METOOU

MpoyyBaHeTO € npoBeAeHO Mpe3
nepuoga 2017-2018 r. npu nabopaTopHu
ycnosuss B WHCTUTYT no  dhypaxHute
Kyntypu - FlneBeH. 3non3BaHu ca ceMeHa
OT o06pas3yn TexHn4yecko copro (meTna)
Sorghum vulgare var. technicum [Korn.] ot
paboTHa konekumMss Ha WHCTUTYT no
oypaxkHuTe KynTypm - NneseH (Tabnmuyal).

accessions of broomcorn (Sorghum
vulgare var. technicum Koérn.) and
detection of accessions with a lower
sensitivity to herbicides, which could
serve as a means of increasing the
efficiency of the breeding process.

MATERIAL AND METHODS

The study was conducted during
the period 2017-2018 in the laboratory
conditions of the Institute of Forage Crops -
Pleven. Broomcorn (Sorghum vulgare var.
technicum Korn.) accessions were used
from a working collection of the Institute
for Forage Crops - Pleven (Table 1).

Tabnnua 1. O6pa3uu TexHuyecko copro (metna) (Sorghum vulgare var.

technicum Kérn.)

Table 1. Broomcorn (Sorghum vulgare var. technicum Kérn.) accessions

Ne O6pasum / Accessions
1 s14 MecTHa nonynauus ot KOroustouHa bbarapus / Local population from Southeast
) Bulgaria
MecTHa nonynaums ot LeHtpanHa CesepHa Bbnrapus / Local population from Central
2. AS17P -
Northern Bulgaria
3. Prima Copt / Variety
4. GL15A | ’
5 PL1G MecTHn nonynaumm oT LleHTpanHa CesepHa Bbarapus / Local populations from
. ~ .
6. MI16N entral Northern Bulgaria
7. |Szegedi 1023 |Copt / Variety

3a fga ce OueHu B/INAHMETO Ha
TecTBaHuTe Xepobuuman BBPXY NOKb/IBA-
HEeTO Ha cemeHaTa M NbPBOHAYASIHOTO
pasButMe Ha Sorghum vulgare var.
technicum [K6rn.] oT Bceku o6pasey, ca
noctasaHu no 100 6pos cemeHa B
netpuesun 6nwoga ¢ gnametsp 90 mm B
nAcbk (Mamiroa et al., 2015).

MpocnepsisaHun ca cnegHute
(pakTopu: daktop A — obpasel; a; — S14;
a,— AS17P; a;— Prima; a, — GL15A; a5 —
PL16; ag — MI16N n a; — Szegedi 1023.
dakTop B xepouuman: b, — Oyan long
960 EK (960 g/l S-metonaxnop); b, —
3eHkop 600 CK (600 g/l meTpnby3suH); bz —
Nymakc 538 CK (375 g/l s-meTonaxnop +
125 g/l TepbymmnasnmH + 37.5 gl
Me30TpuoH); b, — Kanucto 480 CK (480
g/l me3oTpuoH); bs — Ctomn Aksa (455 g/l
neHgumeTanuH) n bs — MepnuH ®nekc
480 CK (240 g/l nsokcacpnyton + 240 g/l

In order to assess the effect of the
tested herbicides on the seed
germination and initial development of
Sorghum vulgare var. technicum [Korn.],
100 seeds of each accession were
placed in Petri dishes, 90 mm diameter in
sand (Mamiroa et al., 2015).

The following factors were studied:
Factor A — accessions: a; — S14; a, —
AS17P; a; — Prima; a, — GL15A; a5 —
PL16; ag — MI16N n a; — Szegedi 1023.
Factor B herbicides: b; — Dual Gold 960
EC (960 g/l S-metolachlor); b, -
Sencor 600 SC (600 g/l metribuzin); b —
Lumax 538 SC (375 g/l s-metolachlor +
125 g/l terbuthylazine + 37.5 gl
mesotrione); b, Callisto 480 SC (480 g/l
mesotrione); bs — Stomp Aqua (455 g/l
pendimethalin); bg — Merlin Flexx 480 SC
(240 g/l isoxaflutole + 240 g/l
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ymnpocyngamua). daktop C Ao Ha
npunoxeHune: ¢, — 25%; c, — 50% 1 c3 —
100% oT go3a onpegenieHa oT mpmaTa
npoussoguTen. [o3ute Ha xepbuungnte
ca npeusyucnieHn, cnpamo njaowTa Ha
netpuesute 6nwga. 3a KOHTpona e
u3non3BaHa fectuivmpaHa Boga. Bceku
BapuaHT e 3as1araH B OCEM MOBTOPEHMUS.
MpobuTte ca nocTaBeHN B TepMocTar npu
Temnepartypa 22 + 2 °C 3a cegem OHu

OnpegensHn ca cregHUTe nokasa-
Tenu: KbnHgemocT Ha cemeHaTta (%);
AbKMHA Ha KOpeH, cTeb/10 U Kb/iH (cm)
3a BCMYKM BapuaHTu Ha onura.

KoethnymeHTbT Ha UHXMOMpaHe
(IR) e onpepensaH nNo ypaBHEHUETO:

C —-T
IR = [—].100
C

Kbgeto C — oTuyeTeHM nokasaTtenu 3a
BCEKU €AWMH OT KOHTPOJIHUTE BapuaHTy;
T — OT4YeTeHU nokasaTtenm BbB BCSKO
€[jHO TpeTupaHe;

CkopocT Ha HapactBaHe (K¢wqg) €
onpegensiHa no thopmynara Ha
Mamonov and Kim (1978).

(Wo—W 1)

Kcm;"d = -
a

KbaeTo W; — HavyasieH eTan Ha oTyuTaHe,
W, — KpaeH eTan Ha oOTyuTaHe, ty —
nepuog ot speme B nHTepsana W, — W,

KoedpmupmeHT Ha anomeTpus (CA) e
onpegensH no cgopmynata Ha Nasr and
Mansour (2005).

=

CA=

==

L4

KbeTo Lr — AbmkmHa (Cm) Ha KopeHa,
Ls — gb/mkuHa (cm) Ha cTebnoTo.

MHgekc Ha TonepaHtHocT (TI) e
onpegesnsH, ype3 agantupaHa dopmyna
Tahseen and Jagannath (2015) cbrnacHo
ypaBHeHue (4).

L5rg

TI=——"2
LS .100

KbOeTo LStr — Ab/DKMHA Ha KbjiHA BbB
BCAKO efHo TpetupaHe, cm; LScr —

cyprosulfamide). Factor C application
doses: ¢, — 50%; ¢, — 100% un c3 — 150%
of the dose determined by the
manufacturer. The dose of the herbicides
was recalculated to the area of the petri
dishes. Distilled water was used as a
control. Each variant had eight replications.
The samples were then placed in a
thermostat operated device at a
temperature of 22 + 2 °C for seven days.

The following characteristics were
determined: Percentage of germinated
seeds (%); root, stem and seedling length
(cm) for all treatments of the study.

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

(1)

where C - studied parameters in each
control treatments; T —  studied
parameters in each treatment;

Growth rate (K¢mng) is determined
by the equation (2) Mamonov and Kim
(1978).

(@)

where W, — initial stage of reporting; W, —
final stage of reporting; ty — period of time
in the range W, — Wj.

Allometric  coefficient (CA) is
determined by the equation (3) (Nasr and
Mansour, 2005).

3)

where Lr — length (cm) of the root,
Ls — length (cm) of the stem.
Tolerance Index (TN was

determined an adapted formula by
Tahseen and Jagannath (2015), equation

(4).

(4)

where LStg — longest of seedlings in each
treatment, cm; LScr — longest of
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Ob/KMHA 3a BCEKM eanH OT KOHTponHute | seedlings in each control treatment, cm;

BapuaHTu, cm.
06wy, dmToTokcnyeH edekt (OFE)
€ onpegensiH nNo ypaBHEHNETO:

IR

OFE = IR gy erage -

KbAeTO IRayerage — CTENEH HA MHXMOMPaAHE
npu HapacTBaHe Ha KbjlHa, CpPefHOo 3a
BCEKN Xepbuuung OT BCUYKM NPOYyYBaHU
[o3un, %; IRy, — NpU Ha-HuckaTa u IRy —
Hali-BMcoKaTa fo3a 3a BCEekM xepbuuumg,
%.

KbnHaemocTTa Ha cemeHatra e
n3uncngasaHa  cnef  npensapuTesiHo
arcsin — TpaHcdopmupaHe no copmyna-
Ta Ha Hinkelmann and Kempthorne (1994).

X
¥ = arcsin (—*)

EkcnepvmeHTanHuTe  gaHHuM  ca
06paboTeHN MaTeMaTUKO-CTaTUCTUYECKN
C rnomMouiTa Ha COMTYepHUTE MPOAYKTU
Statgraphics Plus for Windows Ver. 2.1 n
Statistica Ver. 10.

PE3YJITATN N OBCbXAAHE

Pesyntatute  oT  6uoTecToBeTe
HanpaseHu C xepbuunam 3a MoYBEHO Npu-
noxenve (Qyan Nong 960 EK, 3eHkop 600
CK, Jlymakc 538 CK, Kanucto 480 CK,
Ctomn AkBa M MepnuH ®nekc 480 CK)
okassaT oT ctumynupaw, (IR oTr -5.3 go -
25.7%) - po mHxmbupawy, egekt (IR ot 4.3
[0 100%) BBbpXy NOKb/IBAHETO Ha ceMeHaTa
npy obpasumte TEXHUYECKO copro (meTna)
(Sorghum vulgare var. technicum Kaorn.)
(Tabnuua 2). Haii-cuneH penpecu-paty
edekT Bbpxy nabopatopHata Kb/lHAE-MOCT
Ha cemeHaTa oka3BaT xepbuumaute 3eHkop
600 CK, Ctomn AkBa 1 MepnuH ®niekc 480
CK (IR ot 5.7 po 81.5%) npu obpasyute
S14, AS17P npu BCUYKN NMPU-NOXKEHN [,03MU,
KaTo pasnukute ca cTatuc-TUYeCcKM [okasa-
HO HamaneHu npu P=0.05 B cpaBHEHuE C
KOHTPOJIHUTE BapuaHTU.

Overall phytotoxic effect (OFE)
was determined by the Equation:
Min I‘Rmm
100 (5)

where IRyeraqe — INhibition rate on length
of the seedlings, average for each
herbicide of all studied doses, %; IRmin —
at the lowest and IR, — the highest dose
for each herbicide,%.

The percentage of seed germination
was calculated after preliminary arcsin -
transformation following the formula,
forwarded by Hinnkelmann and
Kempthorne (1994).

100

Experimental data were analyzed
using the software Statgraphics Plus for
Windows Ver. 2.1 and Statistica Ver. 10.

RESULTS AND DISCUSSION

The results of bioassays made with
soil application herbicides (Dual Gold 960
EC, Sencor 600 SC, Lummax 538 SC,
Calisto 480 SC, Stomp Aqua and Merlin
Flexx 480 SC) had a stimulating (IR of -
5.3 to -25.7%) - to an inhibitory effect (IR
of 4.3 to 100%) on seed germination of
broomcorn  (Sorghum  vulgare var.
technicum Korn.) accessions (Table 2).
The strongest depressing effect on
laboratory germination of the seeds were
detected in the herbicides Sencor 600 SC,
Stomp Aqua and Merlin Flexx 480 SC (IR
from 5.7 to 81.5%) in the accessions S14,
AS17P at all applied doses, the
differences was statistically significantly
reduced at P = 0.05 compared to control
variants.
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Tabnuua 2. BinsaHne Ha xepbuumam 3a NoYBEHO MPUIOXKEHWE BbPXY KbJ/IHAEMOCTTa
Ha cemMeHarta npu obpasumTe TexHuyecko copro (metna) (Sorghum vulgare var.

technicum Korn.)

Table 2. Effect of herbicides for soil treatment on seed germination of broomcorn
(Sorghum vulgare var. technicum Kérn.) accessions

fosa, O6pasum / ACCessions
Xepbuyunan mi(g)da -
Herbicides Dose, S14 | AS17P | Prima | GL15A | MI16N | PL16 Sigg‘;d'
mi(g)da
GSy, | 71.57ef | 90,00b | 80,78b | 90,00d | 76,72b | 76,72b | 80,80c
KoHTpona /Control 0.0 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0
60.0 GSy | 0.00a 0.00a | 0.00a 0.00a 0.00a | 0.00a | 0.00a
IR 100.0 100.0 100.0 100.0 100.0 100.0 100.0
[Ayan lNong 960 EK 1200 GSy | 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a | 0.00a
Dual Gold 960 EC ' IR 100.0 100.0 | 100.0 100.0 100.0 100.0 | 100.0
180.0 GSy, | 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
IR 100.0 100.0 100.0 100.0 100.0 100.0 100.0
225 IR | 67.50d [45.00ab| 90.00b |71.57b-d| 73.39b | 73.39b | 80.78c
GSy, 5.7 50.0 -11.4 20.5 4.3 4.3 0.0
3eHkop 600 CK 45.0 IR | 56.79cd | 39.23a | 76.72b |71.57bcd| 61.17b | 61.17b | 80.78c
Sencor 600 SC ) GSy, 20.7 56.4 5.0 20.5 20.3 20.3 0.0
67.5 IR | 47.88c | 19.62a | 67.50b | 60.11bc | 64.18b | 64.18b | 70.38c
GSy | 33.1 78.2 16.4 33.2 16.3 16.3 12.9
150 IR 28.39b | 13.28a | 64.18b | 54.22b | 25.38a | 25.38a |34.60bc
GSy | 60.3 85.2 20.6 39.8 66.9 66.9 57.2
Nymakc 538 CK 300.0 IR 0.00a 0.00a 0.00a 9.22a 0.00a 0.00a | 0.00a
Lumax 538 SC ) GSy | 100.0 100.0 | 100.0 89.8 100.0 100.0 | 100.0
450.0 IR 0.00a 0.00a 0.00a 16.61a 0.00a 0.00a 0.00a
GSy | 100.0 100.0 100.0 81.5 100.0 100.0 100.0
15.0 IR 90.00f | 25.38a | 76.72b | 80.78cd | 73.39b | 64.18b | 80.78c
GSy, -25.7 71.8 5.0 10.2 4.3 16.3 0.0
Kanucto 480 CK 30.0 IR | 71.57ef | 22.50a | 90.00b | 80.78cd | 73.39b | 64.18b | 90.00c
Callisto 480 SC ) GSy, 0.0 75.0 -11.4 10.2 4.3 16.3 -11.4
45.0 IR | 56.79cd | 22.50a | 76.72b | 90.00d | 73.39b | 64.18b | 73.39¢c
GSy | 20.7 75.0 5.0 0.0 4.3 16.3 9.2
175.0 IR | 56.79cd | 31.72a | 67.50b | 80.78cd | 80.78b | 80.78b | 76.72c
GSy | 20.7 64.8 16.4 10.2 -5.3 -5.3 5.1
Ctomn AkBa 350.0 IR | 56.79cd | 22.50a | 76.72b | 80.78cd | 73.39b | 73.39b | 73.39¢c
Stomp Aqua ) GSy | 20.7 75.0 5.0 10.2 4.3 4.3 9.2
595.0 IR | 39.11bc | 16.61a | 80.78b |76.72bcd| 70.38b | 70.38b | 64.62¢c
GSy, | 45.4 81.5 0.0 14.8 8.3 8.3 20.0
210 IR 90.00f | 31.72a | 90.00b | 80.78cd | 80.78b | 73.39b | 76.72¢c
Men/nn dreke 480 GSy, -25.7 64.8 -11.4 10.2 -5.3 4.3 5.1
p CK 42.0 IR 90.00f | 25.38a | 80.78b | 80.78cd | 76.72b | 73.39b |67.50bc
Merlin Flexx 480 SC GSy, -25.7 71.8 0.0 10.2 0.0 4.3 16.5
63.0 IR | 42.12bc | 35.78a | 76.72b |76.72bcd| 80.78b | 80.78b |67.50bc
) GSy, 41.2 60.2 5.0 14.8 -5.3 -5.3 16.5

Nerenpa: a, b, c, d, e, f, - ctatucTnyeckn gokasauun pasnukv npu P=0.05; RLcy — Ab/KMHA Ha KopeHa, %; IR — cTeneH

Ha MHXnbupaHe

Legend: a, b, c, d, e, f, - statistically significant differences at P = 0.05; RL.y, — root length, %; IR — inhibition rate

Mpy BCUUYKM OCTaHasin ob6pasuy TexHu-
yecko copro (metna) (Prima, GL15A, PL
16, MI16N wun Scegedi 1023) nabopa-
TopHaTa Kb/IHAEMOCT Ha CeMeHaTa
Bapvpa B WMpok auana3oH (o1 90.0 go
64.18%) M NpakTU4ecku He ce Bnusie OT
npuaoXeHnTe Ha xepouunan 3eHkop 600

In all other broomcorn accessions (Prima,
GL15A, PL 16, MI16N and Scegedi
1023), seed germination ranges (from
90.0 to 64.18%) and is practically
unaffected by the application of the
herbicides Sencor 600 SK, Calisto 480
SC, Stomp Agqua and Merlin Flexx 480
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CK, Kanncto 480 CK, Crtomn AkBa u
MepnnH ®dnekc 480 CK (IR ot 0.0 mo
16.4%), kaTo pa3nNuKMTe ca CTaTUCTUYECKU
HeZoka3aHu Mpy BCUYKWM NPUIOXKEHN [03M,
B CpaBHEHWE C KOHTPOJTHUTE BapuaHTu.
Xepoéuumaute Ayan ong 960 EK n
Nymakc 538 CK okasBat netasieH edekT
BbPXY Kb/IHAEMOCT Ha CeMeHaTta C W3K/0-
yeHue Ha Hai-HuckaTa gosa 150 ml/da Ha
Nymakc 538 CK. Ctatuctnyeckn gokasaH
cTuMynupaly, edekt (xopmosa) npu npo-
y4BaHUs NokasaTen e yCTaHOBEH Npu MecT-
HaTa nonynauua S14 (IR -25.7) cnep Tpe-
TupaHe ¢ xepbuuymante Kanncto 480 CK
n MepnnH ®nekc 480 CK, HO camo npu
Nno-HUCKNTE NpuNoxexHu fosu (Tabnuua 2).
JuHamukata Ha HapacTBaHe Ha
KopeHa, cTebn0To0 U Kb/IHOBE B Havas-
HUTe eTanu oT pa3BUTUETO Ha TeXHu4Yec-
KOTO copro (MeTna), 3aBMCY OCHOBHO OT
reHoTMna uU cesieKTUBHOCTTa Ha TecTBa-
HUTE Xepbuumam 3a NOUBEHO MPUSIOXe-
Hue (Tabnuua 3). Hait-ronsama gbmkuHa
(RL¢ym) W ckopocT Ha HapactBaHe (Kcmq)
Ha Kb/IHOBETE € OTyeTeHa npu obpasel,
MI16N (RLcmiwny 18,17 M Ky 2.60), a
Hai-masnika npu Szegedi 1023 u S14
(cvoTBeTHO RLcmpwn) OT 9.20 40 9,39 cm
N Kemg 0T 1.32 po 1.35), pokato AS17P,
Prima, GL15A u PL16 w»n 3aemaTt
mMexguHHa no3vums (RLemgonn OT 11.18
00 15.38 1 K¢g 0T 1.60 go 15.38).
Xepbuumante B NpUNOXEHUTEe [03M
okasaT oT ctumynmpaw, (IR ot 11.9 go
16.1%) fo cTtaTMcTUYeckn fokasaH UHXNbu-
pawy ecekt (IR) BbpXy HapacTBa-HETO Ha
kbnHa (IR ot 3.9 go 100%) npu obpasunte
TeXHMYecko copro (MeTna) B CpaBHEHME C
KOHTpONHUTe BapuaHTu (Tabnuua 5).
Hail-cnnHo e pegyuunpaHa Obimku-
HaTta Ha Kb/jlHA NpUM BCUYKM 06pasum
TEXHWYECKO COPro crnef npuiaraHe Ha
xepbuumagute Jlymakc 538 CK (IR¢peguo OT
91.5 o 98.5%), Ctomn AkBa (IRcpequo OT
85.6 0o 98.9%), MepnuH ®nekc 480 CK
(IRcpego OT 5.4 0 57.9%) 1 3eHkop 600
CK (IRcpegwo OT 25.5 A0 63.5%) u Hair-
cnabo npu TpetupaHe ¢ Kanucto 480 CK
(IRcpego OT 4.6 00 51.4%), cNpsAMO KOH-
TPO/IHUTE BapuaHTu C AecTunnpaHa BO-
[a, Kato pas/iMkute ca CTaTUCTUYECKM

SC (IR from 0.0 to 16.4%), with
differences not statistically significant at
all applied doses, compared to control
variants.

The Dual Gold 960 EC and Lumax
538 SC herbicides had a lethal effect on
seed germination, except for the lowest
applied dose of 150 ml/da of Lumax 538
SC. A statistically significant stimulating
effect (hormesis) in the study was found
in the local population S14 (IR -25.7) after
treatment with herbicides Calisto 480 SC
and Merlin Flexx 480 SC, but only at the
lowest applied doses (Table 2).

The growth dynamics of root, stem,
and seedlings in the initial stages of
development the broomcornt depends
mainly on the accessions and selectivity
of the tested herbicides for soil
application (Table 3). The largest length
(RLew) and germination rate (Kenwg) per
seedling was recorded for the accession
MI16N (RLcm(seedIinq) 18.17 and Kemid 260),
and the accession in Szegedi 1023
variety and S14 (respectively RL¢mseediing)
from 9.20 to 9.39 cm and K¢y from 1.32
to 1.35), while AS17P, Prima, GL15A and
PL16 had an intermediate position
(RLcm(seedIinq) of 11.18 to 15.38 and Kemrd of
1.60 to 15.38).

The herbicides at the applied
doses had IR (from 11.9 to 16.1%) a
statistically significant inhibitory effect (IR)
on the growth of seedlings (IR from 3.9 to
100%) at the accessions broomcoorn as
compared to the control variants (Table 5).

Most strongly reduced length of the
seedlings in all accessions of broomcorn
affter treatment with herbicides Lumax
538 SC (IRaverage from 91.5 to 98.5%),
Stomp Aqua (IRayerage from 85.6 to
98.9%), Merlin Flexx 480 SC (IRayerage 5.4
to 57.9 %) and Sencor 600 SC (IRayerage
of 25.5 to 63.5%) and the lowest with
treatment with Calisto 480 SC (IR in the
mean of 4.6 to 51.4%) compared to
control variants with distilled water, the
differences were statistically significant
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JokaszaHo HamasieHu npu P=0.05, He3aBu-
CMMO, 4Ye MPOLEHTBLT Ha MNOKbAHaNUTE ce-
MeHa npu obpasymTte Prima, GL15A, PL16,
MI1EN n Szegedi 1023 cnepn TpeTupaHe ¢
nocoyeHuTe xepbuumam ca nokasain TeH-
OEeHUMs KbM M3paBHABaHE C KOHTPOJIHUA
BapuaHT — AecTunmMpaHa Boja, a pasnukuTe
ca ctaTucTnyeckn HegokasaHu (Tabnuua 3).

reduced at the P = 0.05. Although the
percentage of germinated seeds of the
accessions Prima, GL15A, PL16, MI16N
and Szegedi 1023 after treatment with
the indicated herbicides showed a
tendency towards alignment with the control
variant — distilled water, the differences
were statistically unsignificantn (Table 3).

Tabnuua 3. BnusiHMe Ha xepbuuuan 3a NoYBEHO MPUIOXKEHME BbPXY HapacTBaHETO
Ha Kb/lHa nNpu o06pasymTe TexHuyecko copro (metna) (Sorghum vulgare var.
technicum Korn.)

Table 3. Effect of herbicides for soil treatment on seedling length
(Sorghum vulgare var. technicum Kérn.) accessions

of broomcorn

[o3a, O6pasum / Accessions
Xepbuuunan mi(g)da Szeaedi
Herbicides Dose, S14 AS17P | Prima | GL15A | MI16N | PL16 10%3
mi(g)da
SELem| 9.25ef | 11.18i | 14.32g | 15.38f | 18.17g | 14.06h | 9.39de
KoHTpona /Control 0.0 R 0.0 0.0 0.0 0.0 00 0.0 0.0
60.0 SELcm| 0.00a 0.00a | 0.00a 0.00a 0.00a | 0.00a | 0.00a
' IR 100.0 100.0 | 100.0 100.0 100.0 100.0 | 100.0
fyan l'onpg 960 EK 120.0 SELcm| 0.00a 0.00a | 0.00a 0.00a 0.00a | 0.00a | 0.00a
Dual Gold 960 EC ' IR 100.0 100.0 | 100.0 100.0 100.0 100.0 | 100.0
180.0 SEL¢n| 0.00a 0.00a | 0.00a 0.00a 0.00a | 0.00a | 0.00a
) IR 100.0 100.0 | 100.0 100.0 100.0 100.0 | 100.0
225 SELcm| 8.88ef | 9.40hi | 8.16de | 7.61c 9.55f | 8.44de |8.74c-e
' IR 4.0 15.9 43.0 50.5 47.4 40.0 6.9
3eHkop 600 CK 450 SELqn| 4.96d | 5.38c-e| 6.28c | 6.61bc | 6.34c | 6.30bc | 7.24c
Sencor 600 SC ' IR 46.4 51.9 56.1 57.0 65.1 55.2 22.9
67.5 SELem| 4.12cd | 5.38c-f | 4.38b 5.41b 3.97b | 5.18b | 5.00b
) IR 55.5 51.9 69.4 64.8 78.1 63.2 46.7
150 SELen| 1.16ab | 1.00ab | 3.63b 0.85a 1.14a | 1.48a | 1.20a
IR 87.5 91.1 74.6 94.5 93.7 89.4 87.2
Nymakc 538 CK 300.0 SELcn| 0.00a 0.00a | 0.00a 0.00a 0.00a | 0.00a | 0.00a
Lumax 538 SC ) IR 100.0 100.0 | 100.0 100.0 100.0 100.0 | 100.0
4500 SEL¢n| 0.00a 0.00a | 0.00a 0.00a 0.00a | 0.00a | 0.00a
) IR 100.0 100.0 | 100.0 100.0 100.0 100.0 | 100.0
15.0 SELcm| 10.35g | 9.20g-i | 8.58ef | 9.8%9e | 10.35f | 10.47fg |9.03c-e
' IR -11.9 17.7 40.0 35.6 43.0 255 3.9
Kanucto 480 CK 30.0 SEL.y| 8.83ef | 5.92e-g| 9.80f 9.37e | 8.83ef |10.09e-g| 7.50c
Callisto 480 SC ) IR 4.5 47.1 315 39.1 51.4 28.2 20.1
45.0 SELem| 7.29e | 7.75f-h | 7.50c-e | 9.75e | 7.29c-e | 8.59d-f | 7.59cd
) IR 21.1 30.6 47.6 36.6 59.8 38.9 19.2
175.0 SELen| 0.42a | 1.14ab | 1.19a 1.38a 151a | 1.08a | 1.26a
' IR 93.5 92.5 91.7 91.0 91.7 92.3 86.6
Cromn Aksa 350.0 SELen| 0.60a | 1.44ab | 1.16a 1.24a 1.22a | 1.40a | 1.36a
Stomp Aqua ) IR 94.2 89.8 91.9 91.9 93.3 90.0 85.5
5250 SELem| 0.54a 0.83a | 1.53a 1.41a 1.17a | 2.00a | 1.43a
) IR 95.5 87.1 89.3 90.8 93.6 85.8 84.8
21.0 SEL¢n| 2.13ab | 5.08c-e | 6.50cd | 10.10e | 6.50cd | 4.70b | 10.90f
) IR 77.0 54.6 54.6 34.3 64.2 66.6 -16.1
MepnuH ®nekc 480 CK 420 SELcm| 3.20ab | 4.33b-d | 7.80d-f | 8.20cd | 8.50d-f | 7.55cd |8.60c-e
Merlin Flexx 480 SC ) IR 65.4 61.2 45.5 46.7 53.2 46.3 8.4
63.0 SELcm| 1.00ab | 4.70b-d | 8.25d-f | 7.60c | 9.10ef | 11.00g | 7.15bc
' IR 89.2 57.9 42.4 50.6 49.9 21.8 23.8

Nerenga: a, b, c, d, e, f, - ctaTucTuueckn gokasann pasnuku npu P=0.05; RLcm — Ab/KMHA Ha KbiHa, %; IR — cTeneH Ha
WHXM6UpaHe
Legend: a, b, c, d, e, f, - statistically significant differences at P = 0.05; RL.n — seedling length, %; IR — inhibition rate
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MpunoXxeHnTe MO-HUCKM [03UN Ha
xepouunante 3eHkop 600 CK - 225
ml/da, Kanucto 480 CK - 15 ml/da un
MepnnH ®nekc 480 CK - 21 ml/da He
oKasBaT CTaTUCTUYECKU JoKasaH MHXMUOK-
paw, epekT BbpXy HapacTBaHeTO Ha KbJfl-
Ha npu o6pasunTe TEXHUYECKO COpro
(meTna), kakto cnegpa: 3eHkop 600 CK -
22.5 ml/da n Kanucto 480 CK - 15 ml/da
(S14, AS17P un Szegedi 1023), a npu
MepnvH ®nekc 480 CK - 21 ml/da (S14,
AS17P n Szegedi 1023).

M3knyeHne oT onucaHarta 3aBu-
CMMOCT e ycTaHOBeHa npu obpasuu S14
n Szegedi 1023, CcbOTBETHO cnepj
TpeTvpaHe C Hal-HUCKNTE 03U Ha
xepouumnante Kanucto 480 CK - 15 ml/da
n MepnnH ®nekc 480 CK - 21 ml/da,
Kb[EeTO Ce YyCTaHOBSIBA CTaTUCTUYECKM
JoKazaH cTumynupaty edekTt (xopmesuc)
(ot 11.9 o 16.1%), KoeTo onpenens MH-
Tepeca 3a BK/IHYBAHETO VMM B CEJflek-
UMOHHUTE Mporpamu, karto [AOHopW 3a
TOMEPaHTHOCT KbM Xepbuuman cbabpxa-
LM aKTMBHM BELLECTBA ME3OTPUOH U/Nn
n3okcacpnyton.

AHaMorMyHn ca W NosyyYyeHnTe
pesynratn B eKcnepumeHTasiHaTa paboTta
Ha Cedergreen et al. (2006), Sgbye et al.,
2010 v Bashir et al. (2015), cnopep, konTo
npunaraHeTo Ha pegyuupaHn  [03u
xepouunay chbaobpxawy Me30TPUOH U
nsokcapnyton morat ga npesussukear

cTuMynupal, edekt (xopmosa) npu
peauvua pactuTesiHu BUAOBeE.
KonmuecTtBeHOTO U3MeHeHue B

OVHaMmKaTa Ha HapacTBaHe Ha Kb/iHa
npu obpasumTe TEXHUYECKOTO COpPro
(meTna) B 3aBMCUMOCT OT BUAa Ha xepbu-
unaa v NpUIoXKeHuTe [03U KOPecnoHAu-
paT cbC cKkopocTTa Ha HapacTBaHe (Kcmyq)
W UMHAOEKCHT Ha TonepaHtHocT (TI)
(durypa 1 n 2).

The applied lower doses of Sencor
600 SC - 22.5 ml/da, Callisto 480 SC - 15
ml/da and Merlin Flexx 480 SC - 21 ml/da
had no statistically significant inhibitory
effect on seedling growth in broomcorn
accessions, as followed by Sencor 600
SC - 22.5 ml/da and Callisto 480 SC - 15
ml/da (S14, AS17P and Szegedi 1023)
and Merlin Flexx 480 SC - 21 ml/da (S14,
AS17P Szegedi 1023).

An exception to the relationship
described dependence was detected in
accessions S14 and Szegedi 1023,
respectively after treatment with the
lowest doses of herbicides Calisto 480
SC - 15 ml/da and Merlin Flexx 480 SC -
21 ml/da, where a statistically significant
stimulating  effect (hormesis) was
established (from 11.9 to 16.1%), which
determines the interest in their inclusion
in the breeding programs, as donors for

tolerance to herbicides with active
ingredients mesotrione and/or
isoxaflutole.

Similar results in experimental

work had reported by Cedergreen et al.
(2006), Sgbye et al., 2010 and Bashir et
al. (2015), according to them which the
applied low rates of herbicides
(mesotrione n isoxaflutole) can stimulate
plant growth (hormesis) in a number of
plant species.

The quantitative change in
dynamics seedling growth in broomcorn
accessions, depending on the type of
herbicides and the applied doses,
corresponds to the rate of increase (K¢myq)
and the and the tolerance index (TI)
(Figure 1 and 2).
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dur. 1. CkopocT Ha HapactBaHe (Kcma) Ha
KbHOBeTe Mpu 06pas3un TEeXHUYECKO COpro
(metna) (Sorghum vulgare var. technicum Korn.)
cnep TpeTupaHe ¢ xepbuuynan

Fig. 1. Growth rate (Kcmwa) Of the seedlings in
broomcorn (Sorghum vulgare var. technicum
Korn.) accessions after treatment with herbicides

C oTHocuTeneH Hai-Bucoka Tone-
paHTHOCT (TI) KbM TecTBaHUTE Xepbuumn-
AN ycnoBHO Morat fga ce onpepenat
ob6pasuute Szegedi 1023 npu TpeTupaHe
cbe 3eHkop 600 CK (Kepego -0-34, Tlepenno
74.5%), Kanucto 480 CK (Kepego -0.19,
Tlepeano 85.6%)p MepnmH dnekc 480 CK
(Kepeao =0.10, Tlepenno 94.6%) 1 S14 npwu
npunoxexnme Ha Kanucto 480 CK (Kepemno -
0.06, Tlepesro 85.6%).

OT n3BbPLIEHUTE AUCNEPCUOHHU U
perpecnmoHHu aHaauM3n e BUAHO, ue
xepouumnaute umat gokasaH MHXmMbupall
e)eKkT BbpXy AUHaMukKara Ha HapacTBa-
He Ha kopeHa n kbnHa (Tabnuum 4 n 5).

Mpy noBeye OT n3cnensaHnTe obpas-
UM TexHnyecko copro (mMeTtsa), npwio-
XEHWTe xepbuumuam noaTuckar B no-ronsama
CTeneH HapacTBaHETO Ha KOpeHa B CpaBHe-
Hue cbe cTebnoTo (cpeaHo ot 1.02 go 2.25
nbTn). CTeneHTa Ha WHXWbMpaHe npu
HapacTBaHe Ha KopeHa IR e B Auana-3oHa
oT 42.9 o 96.7%, a Ha cTebnoto IR e B
rpaHuumTe ot 17.7 0o 94.5%.

CuneH uvHxmbupal, eqekT BbpXy
HapacTBaHeTO Ha KopeHa W CcTe6/10To npu
obpasunTe TeXHMYECKO copro (MeT/ia) okas-
Bat xepbuunante Jlymakc 538 CK n Ctomn
AkBa (IRcpegno OT 86.9 A0 96.7%), a OTHO-
cuTesiHo cnab e otyeTeH npu Kanucto 480
CK n Meprmmn ®nekc 480 CK (IRgpegno OT
17.7 po 58.8%), cnpsiMO KOHTPOJIHUTE
BapviaHTu ¢ AecTuinpaHa Boaa.

120,0 B3eHKkop 600 CK Sencor 600 SK

B/lymakc 538 CK/ Lumax 538 SC
. BKanucro 480 CK/ Callisto 480 SC
B acromn Axsa/Stomp Aqua

BMepnun ®nekc 480 CK Merlin Flexx 480 SC

100,0

80,0

F 60,0

40,0

20,0

AT

AN

0,0

S14 AS17P  Prima GL15A  PL16

Mi 16N  Szegedi
1023

dur. 2. NHpgekc Ha TonepaHTHocT (TI) npu
obpasun TexHuyecko copro (metna) (Sorghum
vulgare var. technicum Korn.) cneg TpetupaHe ¢
xepobuunan

Fig. 2 Tolerance Index (TI) in broomcorn
(Sorghum wvulgare var. technicum Ko&rn.)
accessions after treatment with herbicides

With the relative highest tolerance
(T1) to the tested herbicides, conditionally
can be determined the accessions
Szegedi 1023 after treatment with Sencor
600 SC (Kaverage -0.34, Tlaverage 74.5%)
Calisto 480 SC (Kaverage -0.19,Tlaverage
85.6%) and Merlin Flex 480 SC (Kayerage -
0.10, Tlayerage 94.6%) and S14 with Calisto
480 SC (Kayerage -0.06, Tlayerage 85.6%).

From the dispersion and regression
analyzes performed, it was found that
herbicides had a statisticli significant
inhibitory effect on the growth dynamics
of root and stem (Tables 4 and 5).

In most of the studied broomcorn
accessions, the applied herbicides greatly
suppressof the root, compared to the
stem (average of 1.02 to 2.25 times). The
IR root inhibition rate is in the range of
42.9 to 96.7%, and the stem IR varied
from 17.7 to 94.5%.

A strong inhibitory effect on the
growth of development of the root and
stem in the broomcorn accessions had
the herbicides Lumax 538 SC and Stomp
Agua (IRayerage from 86.9 to 96.7%), and
relatively low was reported in Calisto 480
SC and Merlin Flexx 480 SC (IRaverage
from 17.7 to 58.8 %) acording to control
variants with distilled water.
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Tabnuua 4. BamaHne Ha Xepobuumgm 3a NOYBEHO MNPUIOXKEHUE BbBPXY
HapacTBaHeTO Ha KopeHa npu obpasym TexHuuecko copro (metna) (Sorghum
vulgare var. technicum Kérn.)

Table 4. Effect of herbicides for soil treatment on root length of broomcorn
(Sorghum vulgare var. technicum Kdérn.) accessions

[o3a, O6pasum / Accessions
Xep6uumam ml(g)da Szegedi
Herbicides Dose, S14 AS17P | Prima | GL15A | MI16N PL16 9
1023
mi(g)da
SEL.m| 4.25c 6.98f 8.47] 9.08e 9.94i 8.29i 5.50g
Kowtpona /Control | 0.0 =i2™ 55 0.0 0.0 0.0 0.0 00 | 0.0

SEL.m| 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a | 0.00a

IR 100.0 100.0 100.0 100.0 100.0 100.0 | 100.0
LOyan Fong 960 EK 120.0 SELem| 0.00a 0.00a | 0.00a | 0.00a | 0.00a | 0.00a | 0.00a
Dual Gold 960 EC ) IR 100.0 100.0 100.0 100.0 100.0 100.0 | 100.0
SEL.m| 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a | 0.00a

60.0

180.0 IR 100.0 100.0 | 100.0 100.0 100.0 | 100.0 | 100.0
225 SELen| 5.76d | 3.50de | 4.34ghi | 3.50c 5.33h | 4.71fg | 4.26ef
' IR -35.6 49.8 48.8 61.4 46.5 43.3 225
3eHkop 600 CK 450 SELqy| 1.67b |1.56abc| 1.94cd | 1.72bc | 2.68c | 2.13ce | 2.39cd

Sencor 600 SC IR 60.8 77.6 77.1 81.0 73.0 74.3 56.5
SELcw| 1.04ab |1.63abc| 1.18bc | 1.93b 1.44b | 1.79be | 1.78bc

675 IR 75.6 76.7 86.1 78.7 85.5 78.4 67.6

150 SELcw| 0.24a | 0.50abc | 2.19de | 0.39ab | 0.40a | 0.28ab | 0.56a

IR 94.4 92.8 74.2 95.7 96.0 96.6 89.7

Nymakc 538 CK 300.0 SELcm| 0.00a 0.00a | 0.00a 0.00a 0.00a | 0.00a | 0.00a

Lumax 538 SC IR 100.0 100.0 | 100.0 100.0 100.0 100.0 | 100.0
SELq| 0.00a 0.00a | 0.00a 0.00a 0.00a | 0.00a | 0.00a

4500 IR 100.0 100.0 | 100.0 100.0 100.0 | 100.0 | 100.0
15.0 SELem| 4.18c 4.00e | 3.75fg | 4.58d | 4.18fg | 5.94h | 4.47fg
] IR 1.7 42.7 55.7 49.5 58.0 28.4 18.7
KanwucTo 480 CK 30.0 SELem| 3.83c | 2.25cd | 4.88i 4.47d | 3.83ef | 5.50gh | 3.63ef
Callisto 480 SC ) IR 9.8 67.7 42.5 50.7 61.5 33.7 34.1
45.0 SELen| 3.35c | 2.25cd | 3.69fg | 4.58d | 3.35cd | 3.91f | 3.68ef
) IR 21.1 67.7 56.4 49.6 66.3 52.8 33.2
175.0 SELcn| 0.10a | 0.50ab | 0.56ab | 0.49a | 0.55a | 0.54ab | 0.60a
IR 97.6 92.8 93.4 94.6 94.5 93.5 89.1
Cromn Aksa 350.0 SELen| 0.13a | 0.66ab | 0.49ab | 0.51a | 0.69a | 0.74ab | 0.64a
Stomp Aqua ) IR 96.9 90.5 94.2 94.4 93.1 91.1 88.4
5250 SELen| 0.14a | 0.33ab | 0.67ab | 0.57a | 0.52a | 0.69ab | 0.69a
) IR 96.7 95.2 92.1 93.7 94.8 91.7 87.5
21.0 SELcm| 0.38ab |1.66abc| 2.90ef | 4.95d | 3.70ef | 2.25de | 5.90g
' IR 91.1 76.2 65.8 45.5 62.8 72.9 -7.3
MepnuH ®nekc 480 CK 420 SELqy| 0.51ab | 1.50abc | 3.70fgh | 4.50d | 5.05gh | 3.85f |4.15efg

Merlin Flexx 480 SC IR 88.0 78.5 56.3 50.4 49.2 53.6 24.5
63.0 SELqy| 0.38ab | 2.10bc | 4.70hi | 4.25cd | 4.90gh | 5.25fg | 3.25de
) IR 91.2 69.9 44.5 53.2 50.7 36.7 40.9
NereHpa: a, b, c, d, e, f, - ctatuctnueckn gokasanu pasnuku npu P=0.05; RL.m — Ab/MKMHA Ha KopeHa, %; IR — cTeneH Ha
MHXN6UpaHe

Legend: a, b, c, d, e, f, - statistically significant differences at P = 0.05; RL.n — root length, %; IR — inhibition rate
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Tabnuuya 5.

BnvaHue Ha xep6|/|u,|/|p,|/| 3a TMOo4YBEHO MNpPUIOXeHNe BbBbPXY

HapacTBaHeTO Ha cTebs10TO npu obpasum TexHnyecko copro (Metna) (Sorghum

vulgare var. technicum Koérn.)

Table 5. Effect of herbicides for soil treatment on stem length of broomcorn
(Sorghum vulgare var. technicum Kdérn.) accessions

N #?5%,61 O6pasiy / ACCESSIONS
Herbicides Dose, S14 | AS17P | Prima | GL15A | MI16N | PL16 Sig%gdi
mi(g)da
SEL¢m| 5.00ef | 4.20d-f | 5.84e 6.30f 8.22¢g 5.76g | 3.89bc
KonTpona /Control 0.0 R 0.0 00 00 0.0 00 0.0 0.0
60.0 SEL.n 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a | 0.00a
) IR 100.0 100.0 100.0 100.0 100.0 100.0 100.0
[Oyan Fong 960 EK 120.0 SELcn| 0.00a 0.00a | 0.00a | 0.00a | 0.00a | 0.00a | 0.00a
Dual Gold 960 EC ' IR 100.0 100.0 100.0 100.0 100.0 100.0 | 100.0
180.0 SEL:m| 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a | 0.00a
) IR 100.0 100.0 100.0 100.0 100.0 100.0 100.0
225 SEL¢m| 3.12cd 5.90g | 3.82b-d | 4.11b-d | 4.23de | 3.74c-e | 4.47c
) IR 37.6 -40.5 34.7 34.7 48.6 35.2 -14.7
3eHkop 600 CK 450 SEL¢m| 3.29d | 3.81d-f | 4.33b-d | 4.89c-e | 3.66cd | 4.17de | 4.84c
Sencor 600 SC ) IR 34.2 9.2 25.8 22.4 55.5 27.7 -23.9
67.5 SEL¢m| 3.08cd | 3.75d-g | 3.21b 3.48b | 2.53bc | 3.38cd | 3.22b
) IR 38.5 10.7 45.1 44.8 69.2 41.3 16.9
150 SEL.m| 0.92a 0.50ab | 1.44a 0.45a | 0.74ab | 1.20ab | 0.64a
IR 81.6 88.1 75.3 92.8 91.0 79.2 81.8
Nymakc 538 CK 300.0 SEL.n| 0.00a 0.00a | 0.00a 0.00a 0.00a 0.00a | 0.00a
Lumax 538 SC ) IR 100.0 100.0 100.0 100.0 100.0 100.0 | 100.0
450.0 SEL.n 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a | 0.00a
) IR 100.0 100.0 100.0 100.0 100.0 100.0 100.0
15.0 SEL.m| 6.18h 5.50g | 4.83c-e | 5.32ef 6.18f | 4.53d-f | 4.55c
) IR -23.5 -31.0 17.3 15.6 24.9 21.4 -16.6
Kanucto 480 CK 30.0 SEL¢m| 5.00ef | 3.67d-f | 4.93de | 4.89c-e | 5.00ef | 4.59e-g | 3.88bc
Callisto 480 SC ) IR 0.0 12.7 15.7 22.3 39.2 20.4 0.4
45.0 SEL¢m| 3.94de | 5.20e-g | 3.81b-d | 5.18e 3.94de | 4.68e-g | 3.91bc
) IR 21.2 -23.8 34.9 17.9 52.1 18.9 -0.5
175.0 SEL.n| 0.32a | 0.64ab | 0.63a 0.89a 0.96a 0.54a | 0.66a
) IR 90.6 88.1 89.2 85.9 88.3 90.6 81.2
Ctomn AkBa 350.0 SEL.n| 0.47a | 0.78ab | 0.67a 0.73a 0.53a 0.66a | 0.72a
Stomp Aqua ) IR 92.0 84.8 88.5 88.4 93.6 88.6 79.6
595.0 SEL.m| 0.40a 0.50ab | 0.86a 0.84a 0.65a 1.31a | 0.74a
) IR 93.6 81.4 85.3 86.7 92.1 77.3 79.1
210 SEL.m| 1.75a-d | 3.41c-e | 3.60b-d | 5.15d-f | 2.80b-d | 2.45bc | 5.00d
) IR 65.0 18.8 38.4 18.3 65.9 57.5 -27.9
MepnuH ®nekc 480 CK 420 SELm| 2.69a-d |2.83bb-d| 4.10b-d | 3.70bc | 3.45cd | 3.70c-e | 4.45d
Merlin Flexx 480 SC ) IR 46.2 32.5 29.8 41.3 58.0 35.8 -14.1
63.0 SEL¢m| 0.63ab | 2.60a-d | 3.55bc | 3.35b | 4.20de | 5.75fg | 3.90bc
) IR 87.5 38.1 39.2 46.8 48.9 0.3 -0.3

NereHpa: a, b, ¢, d, e, f, - cTaTUCTNUECKN AOKA3aHWN Pa3NUKN
MHX16UpaHe

npu P=0.05; RL¢m — AbMKUHA Ha cTebnoTo, %; IR — cTeneH Ha

Legend: a, b, c, d, e, f, - statistically significant differences at P = 0.05; RL.n — stem length, %; IR — inhibition rate

CnepoBartesiHO, MOKb/IBAHETO Ha
cemeHata (Tabnuua 2) mMoxe pfa ce
pasrnexsa, kato no-cnabo 4yBCTBUTENEH
nepuog oT MHAVBUAYa/THOTO pa3BuTHe Ha
TEXHWYeCcKoTo copro (meTna), Aokarto
HapacTBaHeTO Ha KopeHa, CTebn0To K
KbnHoBeTe (Tabnuuu 3, 4 1 5) moraT ga

Therefore, seed germination (Table
2) can be regarded as a less sensitive
period than the individual growth and
development of the broomcorn, as
compared to root, stem and seedling
growth (Tables 3, 4 and 5) and can be
used , as a potential test to determine the
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6bAaT M3Mos3BaHu, Karto noTeHumaneH
TecT 3a onpegensHe (UTOTOKCUYHOTO
Bb3elicTBME Ha xepbuuman 3a noyYBeHo
NpuUIoXeHue B in Vitro ycriosus.

B pesynrar Ha MpsikOTO Bb3gel-
CTBME Ha xepbuumaute BbPXy HapacTsa-
HETO Ha Kb/IHOBETE nNpu obpasunte
TexXHU4Yecko copro (Metna), koeuuneH-
TUTe Ha anomeTtpus (CA) ce NpoMeHs B
rpaHuumTe ot 0.54 oo 5.27.

YcTaHOBEHa € TeHAEeHuus 3a Mno-
BMCOKWN CTOMHOCTK Ha KoeduumneHTuTe Ha
anomeTtpua (CA) npu o6pasuute Tex-
HUYecko copro (metna) C OTHOCUTESTHO
Nno-HNUCKa 4YyBCTBUTE/STHOCT, CpegHo 3a
BCUYKM TECTBAHW Xepbuuuan 1 No-BUCOKM
npu no-4yyBCcTBUTENHWUTE O06pasun. Mpu
BCUYKM Mpoy4uBaHy obpasun TEeXHUYECKO
copro (meTna) nof Bb3geincTeme Ha
Xeponuugnute cpegHuTe KoeuUneHTN Ha
anomeTtpua (CA) BapupaT B  LUMPOK
gnanasoH ot 0.66 pgo 5.19, koeto
onpegensa 3HaYNTE/THN TeHOTUMHU pasfnu-
4yMsa 1 MOXeE YC/I0BHO fa 6baaT rpynupa-
HNU B cnegHus Bb3XoAsAlw, pen: Szegedi
1023 - 1.04 > Prima - 1.11> GL15A -
1.18>PL16 - 1.24 > AS17P 1.46 > S14 -
2.30 > MI 16N - 6.12.

YcTaHOBEHO e yBennyasaHe
KoedmymeHTute Ha anometpus (CA) B
CpaBHEHUE C KOHTPOJIHWUTE BapuaHth (OT
1.61 po 6.74 nbTKM) CpefHO 3a BCUYKU
npoyyYBaHn 06pas3um TEXHUYECKO COpro
(meTna) nog Bb3AENCcTBME HA MpUIoXe-
HUTEe Xxepbuuugn. Hail-HMCbk cpepgeH
KoehVLMEHT Ha a/loMeTpus € OTYeTeH
npu BCUYKM obpasun, cnep npuioxeHue
Ha xepb6uumamTte Kanmncto 480 CK - 1.24
n MepnuH dnekc 480 CK - 1.48, koeTto
onpefens OTHOCUTENIHO BUCOKA Cesek-
TMBHOCT Ha TecTBaHuUTe Xepouuman B
HayaNHWTEe eTanM OT pas3BUTMETO Ha
TEXHUYEeCcKoTO copro (MeTna) .

Haii-Bucok koeduuMeHT Ha asio-
MEeTpus, T. €. Hall-HUCKa CESIEKTUBHOCT €
oTyeTeHa cnef TpeTupaHe cbc CTomn
AkBa - 5.19, pokato 3eHkop 600 CK
3aeMa mexaunHa no3nunsa CAcpeqo 1.76
(durypa 3).

phytotoxic effects of herbicides for soil
use in in vitro conditions.

As a result, the direct impact of
herbicides on growth of development of
seedlings at the broomcorn accessions
the coefficient of allometry (CA) was
changes in the range from 0.54 to 5.27.

A trend for higher values of the
coefficient of allometry (CA) was found
for broomcorn accessions with relatively
lower sensitivity, averaging for all tested
herbicides, and higher for more sensitive
accessions.

In all tested broomcorn accessions,
average the average -coefficient of
allometry (CA) varied over a wide range
from 0.66 to 5.19, which determined
significant genotypic differences and
could conventionally be grouped in the
following ascending order: Szegedi 1023 -
1.04 > Prima - 1.11> GL15A - 1.18 > PL16 -
1.24 > AS17P - 1.46 > S14 - 2.30 > MI 16N-
6.12.

An increase in coefficient of
allometry (CA) was found compared to
control variants (from 1.61 to 6.74 times)
average for all the studied broomcorn
accessions under the influence of applied
herbicides.

The lowest average coefficient of
allometry (CA) was reported in all
accessions after treatment with the

herbicides Calisto 480 SC - 1.24 and
Merlin Flexx 480 SC - 1.48, which
determines the relatively high selectivity
of the herbicides in the early stages and
development of the broomcorn.

The highest  coefficient  of
allometry, i.e., the lowest selectivity of the
herbicides, was established after treatment
with Stomp Aqua - 5.19, while Secor 600
SC had a middle position CAgyerage 1.76
(Figure 3).

131



L]
L IZTR TR
5,20
LA
£
2,20 4
1,0

L IIRIT]

[.IERIT B TIPS

¥
eI e 400 S

our. 3. KoethnumeHtn Ha anometpus (CA) npm obpasum TEXHUUECKO COpro
(meTna) (Sorghum vulgare var. technicum Kdérn.) B 3aBUCUMOCT OT NPUIOXKEHUTE

xepoéuunan

Fig. 3. Allometry coefficients (CA) at the broomcorn (Sorghum vulgare var.
technicum Kérn.) accessions depending on applied herbicides

Haii-cnab o6Lw(unTOTOKCNYEH eddeKT
(OFE) e otyeTeH npu o06pasun TexHu-
yecko copro (metna) MI16N (OFE 0.7),
GL15A, Prima (OFE 0.7) n PL16 (OFE
1.0) cnep npunoxeHne Ha MepavH
®nekc 480 CK, cnegBaH o1 MI16N un
PL16 (OFE 0.9) npu npwuioxeHue Ha
Crtomn AkBa u Kanucto 480 CK npu
TpeTupaHe Ha ob6bpasuute PL16 (OFE
0,.8) u Prima (OFE 1.0).

OTHOCUTE/THO BUCOK 06LL, OUTOTOK-
cnyeH edpekt (OFE) e oTyeTeH npu
obpasey, S14 (OFE 5.3) cnepn TpeTupaHe
¢ MepnunH ®nekc 480 CK n Ctomn Aksa -
S14 (OFE 3.6), kakto u npu AS17P (OFE
2.4) n GL15A (OFE 2.8) npu npunoxexue
Ha 3eHkop 600 CK. Pasnukute B CTOW-
HOCTUTE Ha 06N PUTOTOKCMYEH edeKT
(OFE) Ha xepbuuuguTte npu obposuuTe
TexHuyecko copro (mMetna), moraTr ga 6b-
ObT 0BSICHEHWN C TEHETUYHU pasInyms, Tbid
KaTo cpaBHeHMsiTa Mexay TAX ca Hanpase-
HW MPU KOHTPOMPaHn nabopaTopHU YCN0BUS.

N3BOAN

Xepouymante  3eHkop 600 CK,
Kanncto 480 CK, Ctomn AkBa n MepnuH
®nekc 480 CK He okasBar CTaTuCTUYECKU
JokazaH nHxnoupawy, edekt (IR ot 0.0 go
16.4%), Bbpxy nabopatopHaTa KbJiHsie-
MOCT Ha cemeHata npu o0bpasuyute
TexHunyecko copro (metna) (Sorghum
vulgare var. technicum Koérn.) (Prima,
GL15A, PL 16, MI16N n Scegedi 1023), B
CpaBHEHWE C KOHTPOJSTHUTE BapuaHTy.

The lowest overall phytotoxic effect
(OFE) was recorded in broomcorn
accessions MI16N (OFE 0.7), GL15A,
Prima (OFE 0.7) n PL16 (OFE 1.0) after
application of Merlin Flexx 480 SC,
followed by MI16N and PL16 (OFE 0.9)
with Stomp Aqua and Calisto 480 CK
after treatment of accessions of PL16
(OFE 0.8) and Prima (OFE 1.0).

Relatively high overall phytotoxic
effect (OFE) was reported in accession
S14 (OFE 5.3) after treatment with Merlin
Flexx 480 CK and Stomp Aqua, as well
as AS17P (OFE 2.4) n GL15A (OFE 2.8)
after application of Sencor 600 SC.
Differences in the overall phytotoxic effect
(OFE) of herbicides in broomcorn
accessions can be explained by genetic
differences as comparisons between

them are made under controlled
laboratory conditions.

CONCLUSIONS

The herbicides Sncor 600 SC,

Calisto 480 SC, Stomp Aqua and Merlin
Flexx 480 SC do not show statistically
significant inhibitory effects (IR from 0.0 to
16.4%), on the germination of broomcorn
(Sorghum vulgare var. technicum Korn.)
accessions (Prima, GL15A, PL 16, MI16N
and Scegedi 1023) , compared to control
variants in laboratory conditions.
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C oTHOcuTeneHo pobpa TonepaHT-
HocT (TI) 1 Hait-cnab o6Ly, PUTOTOKCUYEH
epekt (OFE) ce otnuuaBat ob6pasyute
Sorghum vulgare var. technicum [Koérn.]
MI16N, GL15A, Prima u PL16 cnepg
TpetnpaHe ¢ MepnvH ®nekc 480 CK, a
OTHOCUTENIHO BUCOK 06l (PUTOTOKCUYEH
edoekT (OFE) e oTueTeH npu obpaszey, S14
cnep TpetvpaHe cbc CToMn AKBa, KaKTo U
AS17P un GL15A npu npunoxeHuve Ha
3eHkop 600 CK.

MpuNoXeHnTe Hal-HUCKN [03M Ha
MepnnH ®nekc 480 CK - 21.0 ml/da wn
Kanncto 480 CK - 15 ml/da oka3BaTt cTa-
TUCTUYECKN [0Ka3aH CTMMynupal edekt
(xopmesnc) Bbpxy nabopaTopHata Kbi-
HAEMOCT Ha cemeHaTa npu obpasey, S14
(0o 25.7%), KakTo 1 CTMMynupaLly, eqekT
BbpPXy HapacTBaHeTO Ha Ab/KMHA Ha
KbnHa (oT 11.9 o 16.1%) npu o6pasuu
S14 un Szegedi 1023, koeTo onpenens
MHTEpeca 3a BK/IlOYBAHETO UM B Cesek-
UMOHHUTE nporpamu, Kato A[OHOpM 3a
TONEPaHTHOCT KbM Xepoununan cbhbpxa-
LM aKTUBHO BELLECTBO ME30TPUOH u/unwu
nsokcacpnyton.

YctaHOBEHa €  eKBMBa/IEHTHOCT
MeXay CeNeKkTUBHOCTTa Ha xepbuuunguTe,
oTyeTeHa upe3 Koe(UUMEHTBbT Ha WHXW-
6upaHe Npu HapacTBaHETO Ha KOpeHa,
CTe6/10TO U Kb/IHOBETE U CTOWHOCTUTE Ha
oowuAT cmtoTokenyeH edpekt (OFE) B
HayasHUTe eTanu OT pasBUTMETO Ha TecTBa-
HUTE o06pasuy TexHu4yecko copro (meTna)
(Sorghum vulgare var. technicum Korn.).

With the relative good tolerance (Tl)
to herbicides and the lowest phytotoxic
effect (OFE) had accessions Sorghum
vulgare var. technicum [K&rn.] are
distinguished MI16N, GL15A, Prima and
PL16 after treatment with Merlin Flexx
480 SC and a relatively high phytotoxic
effect (OFE) has been reporte in S14
accession after treatment with Stomp
Aqua, as well as AS17P and GL15A at
the applied Sencore 600 SC.

The lowest applied doses of Merlin
Flexx 480 SC - 21.0 ml/da and Callisto
480 SC - 15 ml/da had a statistically
significant stimulating effect (hormesis) on
laboratory seed germination at the S14
accessions (up to 25.7%), as well as a
stimulating effect (11.9 to 16.1%) in S14
and Szegedi 1023 accessions, which
determines the interest in their inclusion in
the breeding programs, as donors for
tolerance to herbicides containing the

active substance mesotrione and/or
isoxaflutole.
An equivalence between the

selectivity of the herbicides as measured
by the rposTx inhibition of root, stem and
seedling and the values from overall
phytotoxic effect (OFE) in the early stages
of development of the tested broomcorn
(Sorghum vulgare var. technicum Korn.)
accessions.
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PE3IOME

Mpe3s nepuopga 2016-2017 r1. B
WMHCTUTYT nOo  dypaxHute Kyntypu -
MneeBeH npu nabopaTtopHu YycnoBus e
npoyyeHa 4yBCTBUTE/IHOCTTA Ha cefem
o6pasuyn Sorghum bicolor (L.) Moench
KbM xepbuumgnte [Oyan Tlong 960 EK,
3eHkop 600 CK, MepnuH ®nekc 480 CK,
Ctomn AkBa, YuHr I n Fapgonpum Intoc
Mong 500 CK.

YcTaHOBEHO €, Ye: [BYKOMMOHEHT-
HUTe xepobuuuan Yuur-n (2125 g/l
anveteHamua-n u 250 g/l neHanMeTanuH)
B pgo3m — 150, 300 wm 450 ml/da,
Mapgonpum Mntoc MNong 500 CK (312.5 g/l
S-meTonaxnop + 187.5 g/l TepbytunasunH) —
200, 400 n 600 ml/da n Ayan long 960
EK (960 g/l S-metonaxnop) — 60, 120 n
180 ml/da, oka3saT netasieH edekt npu
NoKb/IBAHE Ha CeMeHaTa Ha BCUYKM
obpasuu copro 3a 3bpHO; €nHOKOMIMO-
HeHTHUTe Xxepbuuuam 3eHkop 600 CK
(600 g/l meTpunby3uH) B fo3un 22.5, 45.0 n
67.5 ml/da, Crtomn AkBa (455 g/l
neHgnmeTanuH) — 175, 350 n 525 ml/da n
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Published: 21.12.2018

SUMMARY

During the period 2016-2017 at the
Institute of Forage Crops - Pleven was
studied sensitivity of seven Sorghum
bicolor (L.) Moench accessions to the
herbicides Dual Gold 960 EC, Sencor 600
SC, Stomp Aqua, Wing P, Merlin Flex 480
SC and Gardoprim Plus Gold 500 SC
under laboratory conditions.

It was found that: two-component
herbicides Wing P (212.5 ol
dimethenamid-n and 250 g/l
pendimethalin) at the doses — 150, 300
and 450 ml/da, Gardoprim Plus Gold 500
SC (312.5 g/l S-metolachlor + 187.5 g/l
terbuthylazine) — 200, 400 and 600 ml/da
and Dual Gold 960 EC (960 g/l
S-metolachlor) — 60, 120 and 180 ml/da,
had lethal effects on seed germination of
all tested sorghum grain accessions; the
single-component herbicides Sencor 600
SC (600 g/l metribuzin) at the doses 22.5,
45.0 and 67.5 ml/da, Stomp Aqua (455 g/l
pendimethalin) — 175, 350 and 525 ml/da,
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MepnvH  dnekc 480 CK (240 g/l
n3okcadunyton + 240 g/l yunpocyndpamung)—
21, 42 w»n 63 ml/da okassar oOT
UHOUMEepeHTeH A0 cnab (UTOTOKCUYEH
edekT BbpXY Kb/IHAEMOCTTa Ha ceMeHaTa
npu o6bpasum HL 1641, HL 1643 n HL
1673 wivnn ctumynupaly, edqekT BbpXY
HapacTBaHeTO Ha Kb/iHA W MbpBOHAYas-
HOTO pasBuTUe Ha o6pasun HL 1673, HL
16121 n HL 16113 copro 3a 3bpHO; C
OTHOCUTENHO Hail-gobpa TonepaHTHOCT
(T kbM XepbuumgutTe 3a MNOYBEHO
npunoxeHne ce otnuyaeaT ob6pasum HL
16113 n HL 16121 (cboTBeTHO Tl e 108.3
n 129.8%) kbMm MepnvH ®dnekc 480 CK, a
C Hail-cnaba e HL 1673 kbm xepbuuu-
ante 3eHkop 600 CK — 53.3% un Ctomn
AkBa — 45.4%; npunoxeHata Haii-Hucka
po3a Ha MepnuH ®nekc 480 CK okassa
cTaTUCTUYECKM  foKasaH  CTUMYy/uMpalLl
edekt (xepbuumpaeH Xxopmesnc) BbpXy
HapacTBaHeTo kbnHa (Tl e ot 10.9 po
33.6%) npu o6pasuysm HL 16113, HL
16121, KOUTO NOAXOAALM KOMMOHEHTHN
npu cenekuyuaTa Ha COpTOBE C TOJSIePaHT-
HOCT KbM Xxepbuumgun; YcTaHoBeHa e
€KBMBaJ/IEHTHOCT MeXAy CeneKTUBHOCTTa
Ha xepbuunante (oTyeTeHa uypes koedu-
UMeHTa Ha WHxubupaHe npu HapacTsa-
HEeTO Ha KopeHa, cTebn10TO U Kb/IHOBA) U
CTOMHOCTMTE Ha O6WMAT (PUTOTOKCUYEH
edpekt (OFE) B HayanHuTe etanu oT pas-
BUTWETO Ha TecTBaHWUTe 06pasLy copro.

KnoyoBn  Aymu:  Kb/IHAEMOCT,
cemMeHa,  Xxepouuman,  CenekTUBHOCT,
Sorghum bicolor (L.) Moench

YBO/,

EdvkacHOTO  yHULLOXaBaHe Ha
nneeBennTe e efHO OT OCHOBHUTE 3BEHa
OT arpotexHukara npu oTrnexaaHeTo Ha
coproTo 3a 3bpHO Sorghum bicolor (L.)
Moench), nopagn 6aBHUAT Temn Ha OT-
pacTBaHe B HadanHute hasn (NOHVKBaHe —
TpeTn NncT) ot passutneto my (Dimitrova
and Tsukov, 1996; Fromme et al., 2012;
Galon et al.,, 2016; Reddy et al. 2016).
3annesensBaHeTo npe3 TO3M nepuos
oKasBa Cu/eH KOHKYPeHTEH ediekT BbpXy
pasBUTMETO Ha pacTeHusTa, B pesyntart

Merlin Flexx 480 CK (240 g/l isoxaflutole +
240 g/l cyprotsulfamide) — 21, 42 and 63
ml/da had indifferent to weak phytotoxic
effects on seed germination at the
accessions HL 1641, HL 1643 and HL
1673 and/or a stimulating effect on growth
and initial development of the seedling at
the accessions HL 1673, HL 16121, and
HL 16113 grain sorghum; with a relatively
good tolerance (TI) to herbicides for soil
application are the accessions HL 16113
and HL 16121 (respectively TI from 108.3
to 129.8%) to Merlin Flexx 480 SC are
distinguished and the lowest is HL 1673 to
herbicides Sencor 600 SC - 53.3 and
Stomp Aqua - 45.4; the lowest applied
dose of Merlin Flexx 480 SC had a
statistically significant stimulating effects
(herbicide hormesis) of 0.7 to 83.5% for
accessions HL 16113 and HL 16121 on
the growth of development seedling
length, and can be used as components
for the breeding of varieties with tolerance
to herbicides; an equivalence between the
selectivity of the herbicides as measured
by the growth inhibition of root, stem and
seedling and the values from overall
phytotoxic effect (OFE) in the early stages
of development of the tested sorghum
accessions.

Key words: germination, seeds,
herbicides, selectivity, Sorghum bicolor
(L.) Moench

INTRODUCTION

Weed control is one of the main
components of agronomical practices for
grain sorghum (Sorghum bicolor (L.)
Moench) growing crops, because they
have a slow rate in early growth stage and
initial development (germination - third
leaves) (Dimitrova and Tsukov, 1996;
Fromme et al., 2012; Galon et al., 2016;
Reddy et al. 2016). Weed infestation
during this period has a strong
competitive effect on plant growth and
development, as a result of which the
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Ha KOeTo JO06UBBLT OT 3bPHO HamasisBa
(Dimitrova, 2005; (Rosales-Robles et al.,
2005; Hristova, 2005; 2006; 2007). Upes
npuaaraHeTo Ha KOMM/EKC OT arpoTexHu-
Yeckn MeponpusaTUS ce nocTuraT OTHOCK-
TeNHo fAobpu pesynTtaTn 3a orpaHn4aBaHe
CTeneHTa Ha 3ansieBefnsiBaHe 1 NoBuLIA-
BaHe kayecTBOTO Ha MoslydyeHarta npoayk-
umna (Priya, 2012, Currie et al., 2018). OT
uscneasaHusaTa Ha (Fromme et al., 2012;
Dimitrova and Katova, 2013; Georgiev
and Delchev, 2017; Peerzada et al., 2017)
€ yCTaHOBeHO, Ye 6opbarta ¢ niesenute
MOXe C Yychnex pga ce u3Bexpga upes
N3MON3BAHETO HA XUMUYHUSA METOL,

B HayyHaTa nutepaTypa CblecTBy-
BaT [aHHW 3a pas/IMYHO BMSAHME Ha
xepoéuunante 3a MNoYBEHO MPUIOXKeEHne
BbPXY pacTexa 1 pasBuTMETO Ha peauua
CEJICKOCTOMAaHCKN Ky/Typu — OT fiinca Ha
PUTOTOKCUMYEH eqpeKT, Aenpecus B pacTte-
Xa, [0 3armBaHe Ha pacTeHusaTa (Geier et
al., 2009; Hristova, 2009; Pannaccie and
Covarelli, 2010; Kershner et al.,, 2012;
Enchev and Georgieva-Andreeva, 2013;
Goranovska et al., 2014; Georgiev, 2015;
Ivanova and Rankova, 2016). lMNpoy4Ba-
HUATa CBBbP3aHN CbC CENEKTMBHOCTTa Ha
Xepoéuunay 3a novBeHo NPUIoXKeHWe npwu
copro 3a 3bpHO (Sorghum bicolor (L.)
Moench), oTrnexgaHo nNo KOHBEHLMOHas-
HaTta TexHosormss 6e3 M3Mno/s3BaHe Ha
xepouumaHnsa  aHtugotr  KoHcen I
(cbnykcodpeHunH) ca orpaHuyeHun (Geier et
al., 2009; Mishra et al., 2016).

Llenta Ha npoyyBaHeTo e ycTaHo-
BAABAHE CeJIeKTUBHOCTTa Ha Xxepbuuunau
3a MOYBEHO NPUIOXKEHNE BbPXY NpopacT-
BaHeTO Ha ceMeHata M MbpPBOHAYa&/THOTO
passButMe Ha o6pasum copro 3a 3bpHO
Sorghum bicolor (L.) Moench) n otkpuBa-
He Ha 06pas3un C No-HUCKa 4yBCTBUTEN-
HOCT KbM Xepouuuam n BK/IYBAHETO UM
KaTo KOMMOHEHTWN B GbAeLin CeeKUNOoH-
HW Nporpamum.

MATEPVAT N METOON

MpoyuBaHeTo e npoBefeHO Mnpes3
nepmnoga 2017-2018 r. npu nabopaTopHu
ycnosuss B VHCTMTyTa MO  dhypaxHuTe

yield of grain decreases (Dimitrova, 2005;
Rosales-Robles et al., 2005; Hristova,
2005; 2006; 2007). Application of a
complex of agronomic techniques can be
achieved relatively good results for
restricting the degree of weeding to
improve the quality of the resulting (Priya,
2012, Currie et al., 2018). On the study by
a number of authors (Fromme et al,
2012; Dimitrova and Katova, 2013;
Georgiev and Delchev, 2017; Peerzada et
al., 2017) was found that weed control
can be successfully performed using the
chemical method.

There is evidence in scientific
literature for a different influence of
herbicides for the soil application on the
growth and development of a number of
agricultural crops - from a lack of
phytotoxic effect, depression in growth —
to the destruction of plants (Geier et al.,
2009; Hristova, 2009; Pannaccie and
Covarelli, 2010; Kershner et al., 2012;
Enchev and Georgieva-Andreeva, 2013;
Goranovska et al., 2014; Georgiev, 2015;
Ivanova and Rankova, 2016). Studies
related to the selectivity of preemergence
herbicide in grain sorghum (Sorghum
bicolor (L.) Moench) growing by
conventional technology without the use
of seed safener Concept Il (fluoxfenine)
are limited (Geier et al., 2009; Mishra et
al., 2016).

The aim of the study was to
determine the selectivity of herbicides for
soil application on seed growth and the
initial development of Sorghum bicolor (L.)
Moench grain sorghum accessions and to
detect accessions with lower herbicide
sensitivity and their inclusion as
components in future breeding programs.

MATERIAL AND METHODS
The study was conducted during
the period 2017-2018 in the laboratory of
the Institute of Forage Crops - Pleven.
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KynTypu - MneBeH. /13non3BaHM ca cemeHa
oT o06pa3un copro 3a 3bpHO Sorghum
bicolor (L.) Moench) ¢ pokasaHa BucOKa
[OGVBHOCT Ha 3bPHO OT paboTHa Konekuus
Ha WHCTUTYT no dhypaxHute Kyntypu -
MneseH (Tabnmual).

Grain sorghum (Sorghum bicolor (L.)
Moench) accessions were used with a
proven high yield of grain from a working
collection of the Institute for Forage Crops -
Pleven (Table 1).

Tabnumuya 1. O6pasuy copro 3a 3bpHO (Sorghum bicolor (L.) Moench)
Table 1. Grain Sorghum (Sorghum bicolor (L.) Moench) accessions

Ne O6pasum / Accessions Kog / Code
1 CopTt BuaHko / Variety Bianco B

2 XubpuaHa nvHusa 1641 / Hybrid line 1641 HL 1641
3 XubpugHa nvHusa 1643 / Hybrid line 1643 HL 1643
4 XunbpugHa nmuusa 1673 / Hybrid line 1673 HL 1673
5 CopTt BeppgoH / Variety Verdon \

6 XunbpugHa nvHusa 16113 / Hybrid line 16113 HL 16113
7 XubpuaHa nvHusa 16121 / Hybrid line 16121 HL 16121

3a pa ce OueHM BAUAHMETO Ha
TecTBaHUTE xepbuunam BbpXY MOKb/IBaHe-
TO Ha ceMeHaTa 1 MbpPBOHAYA/THOTO pPa3Bu-
TMe Ha Sorghum bicolor (L.) Moench ot
BCEKM reHoTun ca noctassHM no 100 6pos
cemeHa B neTpuesu 6naa ¢ avameTsp 90
mm B nsAckk (Mamiroa et al., 2015).
MpocnepassaHun ca cnegHute
paktopu: daktop A - obpasuu: a;-
BrnaHko; a, — XmbpugHa nuHus 1641; az —
XnbpugHa nuuusa 1643; a, — XnbpugHa
nnHnsa 1673; as— BepaoH; ag— XnbpugHa
nmHna 16113 n a; — XnbpuaHa nmHus
16121. daktop B xepbuuman: b; — Ayan
Fong 960 EK (960 g/l S-metonaxnop); b, —
3eHkop 600 CK (600 g/l meTpunby3snH); bs —
Crtomn akBa (455 g/l neHgumeTasnuH); by —
Yunr-Mn (212.5 g/l pgumeteHamuag-n n 250
g/l neHgumeTasnvH); bs — MepnnH dnekc
480 CK (240 g/l nsokcadpnyton + 240 g/l
ymnpocyndamma) m bg — apgonpum
Mnioc Tong 500 CK (3125 g/l S-
mMeTonaxsop + 187.5 g/l Tep6yTmnasunt);
®akTop C [03M Ha NPUIOXKEHNe: Cy -
25%; c, - 50% un c; - 100% oT onTuman-
Hata [o03a, onpegeneHa ot dupmara
npoussoguTen. [o3ute Ha xepbuungnte
ca npeusyncneHn, cnpsmo nnouira Ha
netpuesute 6nwga. 3a KOHTpona e
u3nonseBaHa pgectuivpaHa Boja. Bceku
BapvaHT e 3anaraH B 0CEM MOBTOPEHUS.
MpobuTe ca nocTtaBeHn B TepMocTaTt npu
Temnepartypa 22 + 2 °C 3a cegem OHu
OnpepensiHu ca cnegHuTe nokasare-

In order to assess the effect of the
tested herbicides on the seed
germination and initial development of
Sorghum bicolor (L.) Moench, 100 seeds
of each accessions were placed in Petri

dishes, 90 mm diameter in sand
(Mamiroa et al., 2015).

They were studied following
factors: Factor A — accessions: aj-

Bianco; a, — Hybrid line 1641; a; — Hybrid
line 1643; a, — Hybrid line 1673; a5 —
Verdon; ag — Hybrid line 16113 and a; —
Hybrid line 16121. Factor B herbicides: b; —
Dual Gold 960 EC (960 g/l S-
metolachlor); b, — Sencor 600 SC (600 g/I
metribuzin), bs - Stomp Aqua (455 g/l
pendimethalin), b, Wing-P (212.5 g/l
dimethenamid-p and 250 g/l
pendimethalin), bs — Merlin Flexx 480 SC
(240 g/l isoxaflutole + 240 g/l
cyprosulfamide) bg — Gardoprim Plus
Gold 500 SC (312.5 g/l S-metolaclor +
187.5 g/l terbutilazin).

Factor C application doses: c; -
50%; c, - 100% un c3 - 150% of the dose
determined by the manufacturer. The
dose of the herbicides was recalculated
to the area of the petri dishes. Distilled
water was used as a control. Each variant
had eight replications. The samples were
then placed in incubator at a temperature
of 22 + 2 °C for seven days.

The following characteristics were
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nn; KbnHsemocT Ha cemeHata (%) u
Ob/KMHA Ha Kb/Ha (Mm) 3a BCUUKM Ba-
pvaHTn Ha onuta. KoeduuMeHTbT Ha UHXK-
6upatre (IR) e onpegensiH No ypaBHEHUETO:

ET
17 = [-==]. 100
C

KbaeTo C — OTYETEHM NoKasaTenu 3a BCekn
eOQVH OT KOHTpO/MHUTE BapuaHtu; T
OTYETEHW MoKasaTesiM BbB BCAKO eAHO
TpeTupaHe;

KoechmumeHT Ha anometpus (CA) e
onpefensH no copmynata Ha Nasr and
Mansour (2005).

Lr
=1L
KbfeTo Lr - Ab/mknHa (cm) Ha kopeHa, Ls-
AbXnHa (cm) Ha cTebnoTo.

WHpgekc Ha TonepaHtHocT (TI) e
onpefensH, upe3 ajantupaHa opmyna

CA

Tahseen and Jagannath (2015) no
ypaBHeHue (3).
L5
TI=——"T%
LS. 100

KbOeTo LStg — Ab/HKMHA Ha Kb/iHA BbB
BCEKM BapuaHT, cm; LScr — Ab/MKMHA 3a
BCEKM OT KOHTPOJIHUTE BapuaHTu, cm.

06w, coutoTokcnueH edpekt (OFE) e
onpegensH no ypasHeHNeTo:

IR
OFE = IRgyerqge

KbAeTO IRayverage — CTENEH HA MHXMOMPaAHE
npu HapacTBaHe Ha KbjlHa, CpPefHo 3a
BCEKM Xepouuma OT BCUYKM NpPOyyYBaHu
[o3n, %; IRy, — Npu Hali-Huckata U IRy —

Hai-Bucokata nosa 3a BCEKM
xepbuuna,%.

KbnHAemocTTa Ha cemeHata e
usuucnsiBaHa  cnej  npegsapuTesiHo

arcsin - TpaHcdopmupaHe no dopmyniaTta
Ha Hinkelmann and Kempthorne (1994).

determined: Percentage of germinated
seeds (%); seedling length, mm for all
treatments of the study. Inhibition rate
(IR) was determined by the equation:

(1)
where C - studied parameters in each
control treatments; T - studied parameters
in each treatment;

Allometric  coefficient  (CA) is
determined by the equation (2) (Nasr and
Mansour, 2005).

)
where Lr - length (cm) of the root, Ls -
length (cm) of the stem.
Tolerance Index (TI) was determined
an adapted formula by Tahseen and
Jagannath (2015), equation (3).

3)
where LStr — Longest of seedlings in each
treatment, cm; LScr — Longest of seedlings
in each control treatment, cm;
Overall phytotoxic effect (OFE) was
determined by the equation:

min IH.‘I"IGA‘

100 4)
where IR,eraqe — Inhibition rate on length
of the seedlings, average for each
herbicide of all studied doses, %; IRy, —
at the lowest and IR, — the highest dose
for each herbicide,%.

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

Hinnkelmann and Kempthorne (1994).

T
= arcstn ﬁ

EkcnepumeHTasiHUTe  AaHHM  ca
06paboTeHN MaTeMaTVKO-CTaTUCTUUECKN
C rnomowiTa Ha coTyepHuTe MPOAYKTU
Statgraphics Plus for Windows Ver. 2.1 n
Statistica Ver. 10.

Experimental data are
mathematico-statistical processed using
the software Statgraphics Plus for
Windows Ver. 2.1 and Statistica Ver. 10.
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PE3YJITATU N OBCBXXOAHE

Xepbuungute fyan long 960 EK,
3eHkop 600 CK, Cromn AkBa, YuHr I,
MepnuH ®nekc 480 CK n lapgonpum Iioc
Fong 500 CK okassaT uHxubupaly, edekT
(IR ot -10.1 go 100%) BbpXYy MOKb/ABAHETO
Ha cemMeHara npv BCUYKM TeCTBaHN 06pasum
copro 3a 3bpHo (Tabnmuya 2).

RESULTS AND DISCUSSION

The herbicides Dual Gold 960 EC,
Sencor 600 SC,Stomp Aqua, Wing-P,
Merlin Flexx 480 SC and Gardoprim Plus
Gold 500 SC) showed an inhibitory effect
(IR from -10,1 to 100%) on the seed
germination in all tested grain sorghum
accessions (Table 2).

Tabnuua 2. BrivsiHne Ha xepbuuuan 3a NOYBEHO MPUIOXEHME BbPXY Kb/IHAEMOCTTA
Ha ceMeHaTa npu ob6pasum copro 3a 3bpHO (Sorghum bicolor (L.) Moench)

Table 2. Effect of herbicides for soil treatment on seed germination of grain sorghum
(Sorghum bicolor (L.) Moench) accessions

[osa O6pasum / Accessions
Xepouuuam Dose, HL | HL
Herbicides mi(g)da B HL 1641 |HL 1643 | HL 1673 \ 16113 | 16121
KoHTpona /Control 0.0 RLcm | 90.00c | 76.72c | 76.72c | 73.39b | 80.78b | 90.00b | 90.00b
IR 00.0 0.0 00.0 00.0 00.0 00.0 00.0
60.0 RLcm | 0.00a 0.00a | 0.00a | 0.00a | 0.00a | 0.00a | 0.00a
IR 100.0 100.0 | 100.0 100.0 100.0 | 100.0 | 100.0
Oyan 'ong 960 EK 120.0 RL:n | 0.00a 0.00a | 0.00a 0.00a 0.00a 0.00a | 0.00a
Dual Gold 960 EC ' IR | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
180.0 RLcn | 0.00a 0.00a | 0.00a | 0.00a | 0.00a | 0.00a | 0.00a
IR 100.0 100.0 | 100.0 100.0 100.0 | 100.0 | 100.0
225 RLcm | 71.57c | 73.39c | 73.39b | 76.72b | 70.38b | 70.38b | 70.38b
3eHKop 600 CK IR 20.50 4.30 4.30 -4.50 12.87 | 21.80 | 21.80
Sencor 600 SC 45.0 RLcm | 60.11bc | 76.72c | 76.72b | 67.50b | 70.38b | 61.61b | 61.61b
IR 33.2 0.00 0.00 8.00 12.87 315 315
67.5 RLcm | 29.89b | 36.22b | 36.22b | 61.61b | 61.61b | 61.61b | 61.61b
IR 66.8 52.8 52.8 16.1 23.74 315 315
175.0 RLcm | 76.72c | 80.78c | 80.78b | 73.39b | 76.72b | 90.00b | 90.00b
IR 14.80 -5.30 -5.30 0.00 5.03 0.00 0.00
Cromn Aksa 350.0 RLcn | 70.38c | 76.72c | 76.72b | 70.38b | 76.72b | 90.00b | 90.00b
Stomp Aqua ) IR 21.80 0.00 0.00 4.10 5.03 0.00 0.00
5250 RLcm | 61.61bc | 76.72c | 76.72b | 67.72b | 73.39b | 90.00b | 90.00b
IR 31.55 0.00 0.00 8.00 9.15 0.00 0.00
150.0 RLcm | 0.00a 0.00a | 0.00a | 0.00a | 0.00a | 0.00a | 0.00a
IR 100.0 100.0 | 100.0 100.0 100.0 | 100.0 | 100.0
YuHr N 300.0 |RLem | 0.00a 0.00a | 0.00a | 0.00a | 0.00a | 0.00a | 0.00a
Wing P IR 100.0 100.0 | 100.0 100.0 100.0 | 100.0 | 100.0
4500 RLcm | 0.00a 0.00a | 0.00a | 0.00a | 0.00a | 0.00a | 0.00a
IR 0.0 100.0 | 100.0 100.0 100.0 | 100.0 | 100.0
21.0 |RLem| 76.72c | 80.78c | 80.78b | 80.78b | 70.38b | 90.00b | 70.38b
IR 14.8 -5.3 -5.3 -10.1 12.87 0.0 21.8
Mepnux ®nekc 480 CK | 42.0 |RL¢w | 67.50c | 58.28c | 58.28c | 67.5b | 67.50b | 73.39b | 58.28b
Merlin Flexx 480 SC IR 25.0 24.0 24.0 8.0 16.44 18.5 35.2
63.0 RLcn | 67.50Cc | 76.72b | 76.72b | 67.50b | 64.62b | 58.28b | 61.61b
IR 25.00 0.00 0.00 8.00 20.01 | 35.20 | 31.50
200.0 RLcn | 0.00a 0.00a | 0.00a | 0.00a | 0.00a | 0.00a | 0.00a
IR 100.0 100.0 | 100.0 100.0 100.0 | 100.0 | 100.0
Fap,qoan_M Mnioc Fong 400.0 RLcm | 0.00a 0.00a | 0.00a 0.00a 0.00a | 0.00a | 0.00a
Gardoprim Plus Gold ) IR 100.0 100.0 | 100.0 100.0 100.0 | 100.0 | 100.0
600.0 RLcm | 0.00a 0.00a | 0.00a | 0.00a | 0.00a | 0.00a | 0.00a
IR 0.0 100.0 | 100.0 100.0 100.0 | 100.0 | 100.0

Nerenpa: a, b, ¢, d, e, f, - cTaTucTnyeckn gokasann pasnuku npu P=0.05; RL¢m — Ab/KMHA Ha kKopeHa, %; IR — cTeneH Ha

WHXM6UpaHe

Legend: a, b, c, d, e, f, - statistically proven differences at P =

0.05; RL¢m — root length, %; IR — inhibition rate
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C yBenuMyaBaHe Ha pfo3ata Ha
xepbuumante 3eHkop 600 CK, Crtomn
AkBa n MepnuH dnekc 480 CK, Hama-
NsiBa He3Ha4MTeIHO MPOoLUEHTA Ha NOKbLJI-
Ha/IMTe cemeHa B CpaBHEHWE C KOHTPO/I-
HUTE BapuWaHTu, Kato pasukuTe ca
CTATUCTUYECKM HeAoKas3aHO HaMasleHW.
M3knyeHe OT onvcaHata 3aBUCMMOCT
e ycTaHoBeHa npu obpasuy HL 1641, HL
1643 n HL 1673, CcbOTBEeTHO crep
TpeTupaHe ¢ Hail-HuckuTe go3n Ha Ctomn
AkBa - 175 ml/da, MepnuH ®nekc 480 CK -
21 ml/da n 3eHkop 600 CK - 22.5 ml/da,
KbAETO Ce ycTaHoBsiBa cfiab cTumynu-
paw, cTaTUCTUYECKM HepokasaH ediekT
(Tabnuua 2). CneposatesiHO, KbilHSe-
MOCTTa Ha CemMeHaTa npu TecTBaHUTe
o6pasum HL 1641, HL 1643 n HL 1673,
NpakTU4YECKN HE ce B/vsie OT TpeTupaHe-
TO Ha cemeHata cbc Ctomn AKBa,
MepnnH ®nekc 480 CK n 3eHkop 600 CK
Npu BCWUYKM MNPUIOXKEHWU [03W, B Cpas-
HEHMWE C KOHTPOJTHUTE BapuaHTy.

[aHHnTe oT OGUOMETPUYHUTE U3-
MepBaHWs Ha HapacTBaHeTO Ha KopeHa,
CTe6/10TO U Kb/iHA faBaT Bb3MOXHOCT
06EKTMBHO fa Ce OLeHU (PUTOTOKCUYHUS
epekT Ha XxepbuumauTe B HavanHWUTe
eTanM OT pas3BuMTMETO Ha obpasuyute
copro 3a 3bpHO (Sorghum bicolor (L.)
Moench) (Ta6nuua 3, 4 n 5).

EIHOKOMNOHEHTHUTE Xepbuumaute
3eHkop 600 CK Ctomn AkBa n MepnuH
®nekc 480 CK npu npunoxeHute no
BMCOKM KOHLeHTpauuMum okassaT cnab
UHXMbUpaLy, edekT BbpXy HapacTBaHeTO
Ha KopeHa, CTe6/0TO U Kb/HA, [40KaTo
xepovumaute c KOMMEKCHO AelicTBue
cpelly efHOroAuWHN W LUMPOKOSIUCTHU
nnesenu (Qyan Fong 960 EK, YuHr M un
Mapgonpum Mnioc Fong) npeausBuksaT
cuneH (PUTOTOKCMYEH N feTasnieH eqiekT
npu BCWYKM 06pasuy copro 3a 3bpHO
(Sorghum  bicolor (L.) Moench) B
CpaBHEHME C KOHTPO/IHWUTE BapuaHTu
(Tabnmum 3, 4 n 5).

With the increase concentration of
the herbicides Sencor 600 SC, Stomp
Aqua and Merlin Flexx 480 SC, the
percentage of germinated seeds
decreased slightly compared to the
control variants and the differences were
statistically  unproven reduced. An
exception was found for accessions HL
1641, HL 1643 n HL 1673, after treatment
with the herbisides Stomp Aqua - 175
ml/da, Merlin Flexx 480 SC - 21 ml/da
and Sencor 600 SC - 22.5 ml/da, there is
a weak stimulating, no significant effect
(Table 2).

Therefore, seed germination in
accessions HL 1641, HL 1643 and HL
1673 is not unaffected by seed treatment
with Stomp Aqua, Merlin Flex 480 SC
and Zencor 600 SC at all doses
administered compared to the control
variants.

Data from biometric measurements
of increase in seedlings length allowed
objective assessment of phytotoxic effect
of the herbicides in the initial growth
stage of development of grain sorghum
(Sorghum bicolor (L.) Moench)
accessions (Table 3, 4 and 5).

The single-component Sencor 600
SC, Stomps Aqua and Merlin Flexx 480
SC applied in the higher doses had weak
inhibitory effect on root growth, stem and
seedling growth, while herbicides with
complex action against annual and
broad-leaved weeds (Dual Gold 960 EC,
Wing P and Gardoprim Plus Gold)
caused higher phytotoxic and lethal effect
on all tested grain sorghum (Sorghum
bicolor  (L.) Moench)  accessions
compared to control treatments (Tables
3,4 and 5).
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Tabnuua 3. BnusaHve Ha xepbuumam 3a No4YBeHO NPUIoXKeHUEe BbPXY HapacTBaHeTo
Ha KopeHa npu obpasym copro 3a 3bpHO (Sorghum bicolor (L.) Moench)
Table 3. Effect of herbicides for soil treatment on root length of grain sorghum
(Sorghum bicolor (L.) Moench) accessions

Xep6uunay g,gssg O6pasum / Accessions
Herbicides ml(g)d’a B HL 1641 | HL 1643 | HL 1673 \Y HL 16113| HL 16121
RL. 5.03e 5.64c 5.62¢c 5.62¢c 6.50d 5.88d 6.98c
Kowrpona /Control | 0.0 525507 0.0 000 | 000 | 00.0 | 00.0 00.0
60.0 RLc 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
IR 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Oyan long 960 EK 120.0 RLcn 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
Dual Gold 960 EC " ]IR| 100.0 100.0 100.0 100.0 100.0 100.0 100.0
180.0 RLc 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
IR 100.0 100.0 100.0 100.0 100.0 100.0 100.0
225 RLcn 4.8% 5.50c 5.55¢ 2.19b 4.64ab | 4.90d 5.90c
3eHKop 600 CK IR 3.0 2.5 1.3 61.1 28.6 16.7 15.5
Sencor 600 SC 45.0 RLm 4.50be 5.50c | 4.25bc 2.30b 4.63ab | 3.20ab 4.20ab
IR 11.0 2.5 24.4 59.1 28.8 45.9 39.8
675 RL.m 3.67b 4.00bc | 4.35bc 2.00b 3.50ab | 3.13ab 4.13ab
IR 27.0 29.1 22.6 64.4 46.2 46.8 40.8
175.0 RL.m 4.30be 5.50c 4.79bc 2.85a 5.67ab | 3.78ab 4.28ab
IR 15.0 2.5 14.8 84.9 12.8 35.7 38.7
Ctomn AkBa 3500 RL.n 3.35b 5.50c 4.48bc 250a | 5.30ab | 3.66ab 4.42a b
Stomp Aqua T 1IR 34.0 2.5 20.3 91.1 18.5 37.8 36.7
525.0 RLcn 3.42b 5.50c 3.45b 2.34a | 4.54ab | 2.82ab 4.38ab
IR 32.0 2.5 38.6 94.0 30.2 52.0 37.3
150.0 RLc 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
IR 100. 0 100.0 100. 0 100. 0 100.0 100. 0 100.0
Yunr M 300.0 |RLy 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
Wing P IR 100.0 100.0 100.0 100.0 100.0 100.0 100.0
450.0 RL., 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
IR | 100.0 100.0 100.0 100.0 100.0 100.0 100.0
21.0 |RL.y 5.14de 5.50c 6.00c 6.20c 6.84c 6.70d 7.20c
IR -2.2 2.5 6.8 -10.3 -5.23 -14.0 -3.16
MepnuH ®nekc 480 CK| 42.0 |RLey 4.50cd 5.00c 5.83c 4.90b 6.40d 6.24bc 6.47c
Merlin Flexx 480 SC IR 11.0 2.5 3.7 12.8 1.54 -6.13 7.31
63.0 RLcm 4.20bd 4.00bc | 4.75bc 0.00a 5.20d 5.90c 5.57bc
IR 17.0 29.1 15.5 100.0 20.0 -0.34 20.2
200.0 RL., 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
IR 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Mapponpum Mntoc Fong 400.0 RL.n 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
Gardoprim Plus Gold ) IR 100.0 100.0 100.0 100.0 100.0 100.0 100.0
600.0 RLc 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
) IR 0.0 100.0 100.0 100.0 100.0 100.0 100.0

Nerenga: a, b, ¢, d, e, f, - ctatncTnueckn gokasanu pasnukm npu P=0.05; RLcyn — Ab/MKMHA HA KOpeHa, %; IR — cTeneH Ha

MHX16UpaHe

Legend: a, b, c, d, e, f, - statistically proven differences at P = 0.05; RL., — root length, %; IR — inhibition rate

143




Tabnuua 4. BnuaHve Ha xepbuumam 3a No4YBeHO NPUIOXKeHNE BbPXY HapacTBaHeTo
Ha cTeb10TOo Npu 06pasym copro 3a 3bLPHO (Sorghum bicolor (L.) Moench)
Table 4. Effect of herbicides for soil treatment on stem length of grain sorghum

(Sorghum bicolor (L.) Moench) accessions

losa O6pasum / Accessions
Xepﬁyu._l,m,u,m Dose, B HL 1641 | HL 1643 | HL 1673 | V HL 16113 | HL 16121
Herbicides mi(g)da
KowTpona /Control 0.0 4.68e  [5.81d 5.53d 5.53d 3.93c  4.85c 4.25d
0.0 0.0 0.0 0.0 0.0 0.0 0.0
60.0 SLcm |0.00a  |0.00a 0.00a 0.00a 0.00a |0.00a 0.00a
' IR 100.0 |100.0 100.0 100.0 100.0 [100.0 100.0
Oyan 'ong 960 EK 120.0 SLcm |0.00a  |0.00a 0.00a 0.00a 0.00a |0.00a 0.00a
Dual Gold 960 EC TR 100.0 |100.0 100.0 100.0 100.0 [100.0 100.0
180.0 SLcm_|0.00a  |0.00a 0.00a 0.00a 0.00a |0.00a 0.00a
IR 100.0 |100.0 100.0 100.0 100.0 [100.0 100.0
25 SLcm 4.67e  [5.35d 4.75cd  |5.13cd  3.14c [3.40bc 3.40cd
3eHKop 600 CK ) IR 0.2 7.9 14.1 7.2 20.1 [29.9 20.0
Sencor 600 SC 45.0 SLcm  [3.96dc [5.15d 4.56cd  [3.20c 3.25¢c  [3.50bc 3.50bc
IR 15.4 11.4 17.5 42.1 17.3  [27.8 17.6
67.5 SLcm |5.50e  14.86d 3.50b 3.00c 3.20c  3.13b 3.13bc
' IR -17.5 [16.4 36.7 45.8 18.6 [35.5 26.4
175.0 SLcm  [3.32ab 14.78d 3.50bc  [2.53ab  [3.50bc [3.48bc 4.28d
IR 29.1 17.7 36.7 54.2 10.9 [28.2 -0.7
Cromn Aksa 350.0 SLcm  [3.28ab [3.59bc  [3.42bc  |2.48ab  |3.43bc |2.52b 3.46bd
Stomp Aqua TR 29.9 38.2 38.2 55.2 12.7 48.0 18.6
5250 SLcm [3.42ab [3.59bc  [3.44bc  [2.50ab  [3.50bc |2.52b 3.50abd
TR 26.9 38.2 37.8 54.8 10.9 48.0 17.6
150.0 SLcm_|0.00a  |0.00a 0.00a 0.00a 0.00a |0.00a 0.00a
TR 100.0 |100.0 100.0 100.0 100.0 [100.0 100.0
Yuur N 300.0 SLcm_|0.00a_ |0.00a 0.00a 0.00a 0.00a |0.00a 0.00a
Wing P TR 100.0 |100.0 100.0 100.0 100.0 [100.0 100.0
450.0 SLcm  0.00abc [0.00a 0.00a 0.00a 0.00a_|0.00a 0.00a
IR 100.0 |100.0 100.0 100.0 100.0 [100.0 100.0
210 SLcm  3.50bc [5.00ab  |5.00d 5.15d 3.66c |5.20d 7.80e
' IR 25.2 13.9 9.6 6.9 6.9 -7.2 -83.5
MepnuH ®nekc 480 CK 420 SLcm  |3.75bc [4.90cd  4.83cd  14.60bd  [3.60c |4.54bc 7.13e
Merlin Flexx 480 SC ) IR 19.9 15.7 12.7 16.8 8.4 6.4 -67.8
63.0 SLcm [2.80bc [3.80cd  [4.38bcd |4.62bd  [3.28c  4.10bc 5.71de
) IR 40.2 34.6 20.8 16.8 16.5 [15.5 -34.4
200.0 SLcm_|0.00a  |0.00a 0.00a 0.00a 0.00a |0.00a 0.00a
IR 100.0 |100.0 100.0 100.0 100.0 [100.0 100.0
rapgonpum MNntoc Fong 400.0 SLcm_ |0.00a  |0.00a 0.00a 0.00a 0.00a |0.00a 0.00a
Gardoprim Plus Gold TR 100.0 |100.0 100.0 100.0 100.0 [100.0 100.0
600.0 SLcm |0.00a  |0.00a 0.00a 0.00a 0.00a |0.00a 0.00a
IR 100.0 |100.0 100.0 100.0 100.0 |100.0 100.0

Nerenga: a, b, c, d, e, f, - ctatnucTnueckn gokasanu pasnukm npm P=0.05; RLcyn — Ab/MKMHA Ha cTe6n10To, %; IR — cTeneH Ha

WHXM6UpaHe

Legend: a, b, c, d, e, f, - statistically proven differences at P = 0.05; RLm — stem length, %; IR — inhibition rate

MpunoxeHaTa Hali-HUCKa fo3a Ha
MepnvnH ®nekc 480 CK - 21 ml/da okasea
CTUMYyMpaLy edhekT BbpXy HapacTBaHeTo
Ha KopeH, cTebno u kbaH oT 10.9 go
46.6% npu obpasus HL 16113 wn HL
16121, KaKTO U NO OTHOLUEHNE HapacTBaHe-
TO AbJ/HKMHATA HA KOpeHa npu copT BuaHko
1 HL 1673 cboTtBeTHO € 2.2 1 10.3%.

The applied lowest concentration
of Merlin Flexx 480 SC — 21 ml/da had a
stimulating effect on growth root, stem
and seedling from10.9 to 46.6% for
accessions HL 16113 and HL 16121, as
well as for the increase root length for
Bianco variety and HL 1673 respectively
2.2 and 10.3%.
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Mono6bHM pesynTtatu B eKkcrnepuMeH-
TaslHaTa paboTta ca cbobueHn oT Belz et
al. (2010) n Velini et al. (2010), cnopep,
KOWTO npunaraHeTo Ha pegyuvpaHu [03u
xepbuuman  (rimdposar, cy/1poMeTYpPOH-
MeTun, TpuasmHu, gukamoba n 2,4-D) morat
Ja npeausBukeBar  CTUMy/Mpal,  edekT
(xopMo3a) B OMHaMuKaTa Ha HapacTBaHe
Ha pacTeHusiTa, yckopsiBaliku metabonumsma
Ha asoTa B pacTUTE/IHUS OpraHu3bM, Ypes
KOeTo npeams3BuKBaT  ayKCMHO-Nofo6eH
eekt. BapvpaHeTo MO OTHOLIEHWEe Ha
CTUMYNUpawmAT edpekt Ha MepnunH ®nekc
480 CK Bbpxy HapacTBaHeTO Ha cTeb6/10To,
n3paseH ypes KOoe(UUNEHTBT Ha
nHxnéupaHe (IR) ce Bnavse B no-ronsiMa
cTeneH oT npunoxeHarta gosa (r ot -0.721
[o -0.998) B cpaBHeHMe C YyCTaHOBEHUS
cTMMynumpaly, edpekT npu HapacTBaHETO Ha
KopeHa (r ot 0.544 go -0.996).

B pesyntatr Ha nNpsKOTO Bb3geit-
CTBME Ha xepbuumaute BBPXY npopacT-
BaHETO Ha KbJ/IHOBeTe npu obpasuute
COpro 3a 3bpHO, KOeUUMEHTHT Ha aso-
mMeTpusa (CA) ce NpoOMeHs B rpaHuuute
0.0 go 1.9. MNpwu noBeye OT BK/IOYEHUTE B
nuscnegBaHeTo o6pasuu, Npu KOUTO He e
yCTaHOBEH  CcTaTUCTUYEecKn  [okKasaH
PUTOTOKCMYEH edeKT Ha xepbuungute,
KoedmumeHTbT Ha anometpusa (CA)
HapactBa ot 11 pgo 15 nbwm B
CpaBHEHWE C KOHTPOJTHUTE BapuaHTU.

YcTaHOBeHa € TeHAeHuus 3a no-
HUCKW CTOMHOCTU Ha Koe(UUMEHTUTE Ha
anomeTpus npu obpasumTe C OTHOCUTESTHO
no-Hucka vyscTBuTenHocT (HL 16121- 0.7,
HL 1673- 0.8, Vercors — 0.9, HL 16133 u
BraHko -1.0) 1 No-BMCOKM NPY OTHOCUTESTHO
no-yyscteutenHute (HL 1641 — 1.1 n HL
1673 — 1.2) cpegHO KbM BCUYKM TeCTBaHU
xepbvumamn. YeenuyaBaHeTo Ha Koedu-
uneHTuTe Ha anometpus (CA) nopg Bb34eNn-
cTBMEeTO Ha xepouunante 3eHkop 600 CK,
Ctomn AkBa n MepnuH ®nekc 480 CK e
Hali-ronamo  npu  obpasunm HL 16113
(CAcpeqno OT 1.1 no 1.4) v BepaoH (CAcpeno
ot 1.3 fo 1.7), koeTo onpegens n oTHOCK-
TENHO NO-HWUCKaTa UM YyBCTBUTEIHOCT KbM
xepébuuman. C yBenmMyaBaHe [03UTE Ha
xepbvumanTe KOe(UUNEHTHT Ha
anomeTpusa Hamansea oT 0.4 0o 1.8 nbTu.

Similar results in experimental
work have been reported by Belz et al.
(2010) and Velini et al. (2010), according
to them which the applied low rates of
herbicides (glyphosate sulfometuron-
methyl, dicamba and 2,4-D) can stimulate
plant growth (hormesis) in the dynamics
of plant growth, accelerating the
metabolism of nitrogen in the plant,
thereby causing an auscino-like effect.
The variation in the stimulation effect of
Merlin Flexx 480 CK on stem growth
expressed by the inhibition coefficient (IR)
depends to at the applied doses (r of -0.721
to -0.998) compared to the established
stimulatory effect on growth of the root (r
of 0.544 to -0.996).

As a result, the direct impact of
herbicides on growth of development of
seedlings at the of grain sorghum
accessions the coefficient of allometry
(CA) was changes in the range from 0.0
to 1.9. In most of the accessions included
in the study, where no statistically
significant phytotoxic effect of the
herbicides was found, the coefficient of
allometry (CA) increased from 1.1 to 1.5
times compared to the control variants.

A tendency was observed for lower
values for coefficients of allometry (CA) in
the accessions with relatively lower
sensitivity (HL 16121- 0.7, HL 1673- 0.8,
Vercors-0.9, HL 16133 and Bianco -1.0)
and higher for the relatively more
sensitive (HL 1641 - 1.1 and HL 1673 -
1.2) averages of all tested herbicides.
The increase in the coefficient of
allometry (CA) under the effects of
Sencor 600 SC, Stomp Aqua and Merlin
Flexx 480 SC was greatest in accessions
HL 16113 (CAaverage from 1.1 to 1.4) and
Verdon (CAaverage from 1.3 to 1.7), which
determines  their  relatively  lower
sensitivity to herbicides. With increasing
doses of herbicides, coefficient of
allometry decreases from 0.4 to 1.8
times.
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Tabnuua 5. BnuaHve Ha xepbuumam 3a nNo4YBeHO NMPUIOXKeEHUE BbPXY HapacTBaHeTo

Ha KbJ/1Ha nNpu 06pasym copro 3a 3bpHo (Sorghum bicolor (L.) Moench)

Table 5. Effect of herbicides for soil treatment on seedling length grain sorghum
(Sorghum bicolor (L.) Moench) accessions

O6pasum / Accessions

Jo3a
Xepouuuan Dose
Herbicides mi(g)da B HL 1641 | HL 1643 |HL 1673| V HL 16113 | HL 16121
SELen| 9.71c | 11.45e | 11.15d | 11.15c | 10.43d | 10.73d 11.23
KorTpona /Control 00 R T 00 0.0 0.0 0.0 0.0 0.0 0.0
600 | SELem| 0.00a [ 0.00a [ 0.00a [ 0.00a [ 0.00a [ 0.00a 0.00
IR | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 100.0
fyanTong 960 EK [ o " [SELyy| 0.00a | 0.00a | 0.00a | 0.00a | 0.00a | 0.00a 0.00
Dual Gold 960 EC ' IR | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 100. 0
180.0 |SELen| 0.00a | 0.00a | 0.00a [ 0.00a | 0.00a | 0.00a 0.00
IR | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 100.0
9p5 | SELm| 9.56c | 10.85de [ 10.30cd | 7.32b | 7.78b 8.30C 9.30
IR 15 5.2 7.6 34.3 25.4 22.6 9.1
3eHkop 600 CK 450 | SELm| 8.46c [10.65cde| 8.81b | 5.50b | 7.88b | 6.70abc 7.70
Sencor 600 SC : IR 12.9 7.0 21.0 50.7 24.4 37.6 24.7
75 | SELem| 9.17c [ 8.86bc | 7.85b | 5.00b [ 6.70b [ 6.26ab 7.26
IR 5.6 22.6 29.6 55.2 35.8 41.7 29.0
1750 | SELen| 7.62bc | 10.28cd | 8.29b | 538b | 9.17cd | 7.26¢ 8.56
IR 21.5 10.2 25.7 51.7 12.1 32.3 16.3
Cromn Aksa 350.0 | SELen| 6.63bc [ 9.09bcd [ 7.90b [ 4.98b | 8.73bc | 6.18bc 7.88
Stomp Aqua : IR | 317 20.6 29.1 55.3 16.3 42.4 23.0
5550 | SELen| 6.84bc [ 9.09bcd | 6.89ab | 4.84b | 8.04bc | 5.34b 7.88
IR 29.6 20.6 38.2 56.6 22.9 50.2 23.0
1500 |SELen| 0.00a | 0.00a | 0.00a | 0.00a | 0.00a | 0.00a 0.00
IR | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 100.0
Yuwr 11 2000 | SELen| 0.00a [ 0.00a [ 0.00a [ 0.00a | 0.00a | 0.00a 0.00
Wing P : IR | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 100.0
4500 | SELen| 0.00a [ 0.00a [ 0.00a [ 0.00a [ 0.00a [ 0.00a 0.00
IR | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 100.0
210 | SELen| 8.64bc [ 10.50cd [ 11.00d | 11.35c [ 10.50cd | 11.90e 15.00
: IR 11.0 8.3 1.3 1.8 0.7 -10.9 -46.6
Mepn ®niekc 480 CK [, o [SELuy | 8.25bc | 9.90d | 10.66bc | 9.50b [ 10.00cd | 10.78d 13.60
Merlin Flexx 480 SC ' IR 15.0 13.5 4.4 14.8 4.1 0.5 -32.9
63.0 | SELen| 7.00b [ 7.80bcd | 9.13c [ 8.92b | 8.48b [ 10.00d 11.28
IR 27.9 31.9 18.1 20.0 18.7 6.8 -10.3
00,0 | SELen| 0.00a | 0.00a | 0.00a [ 0.00a | 0.00a 0.00 0.00
IR | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 100.0
Fapgonpum Mntoc Fong 200.0 SEL.w | 0.00a 0.00a 0.00a 0.00a 0.00a 0.00 0.00
Gardoprim Plus Gold : IR | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 100.0
600.0 | SELen| 0.00a | 0.00a | 0.00a [ 0.00a | 0.00a 0.00 0.00
' IR_| 100.0 | 100.0 | 100.0 |100.0] | 100.0 100.0 100.0

NereHpa: a, b, ¢, d, e, f, - cTaTucTnyeckn gokasanHn pasnuku npu P=0.05; RL¢m — Ab/KMHA HA Kb/Ha , %; IR — cTeneH Ha

MHX16UpaHe

Legend: a, b, c, d, e, f, - statistically proven differences at P = 0.05; RL.n — seedling length, %; IR — inhibition rate

146




2l [=l3]
18
16
14
12

10

BHL 1643

A

e e o o o g o o o i g T gt it )
b e o o i o o o

Lo
=T T CSE=

Ko-Tzona 4arrliza Tlida

Caontrol

25riliza

b,

ZeH<0p 200 CK Szncor 600 2K

175 mlida

BHL 1673

A AL

zalrliza I 525 midz 21riliza 42mlAd

CTOMN AkBa Stoms Agua | "lecnuk onzke 480 CK Mer n Flexs 420 3

dur. 1. KoedbmuneHtn Ha aniometpus (CA) npm o6pasum copro 3a 3bpHO B
3aBMCMMOCT OT NPUIOXKEHUTE Xepbuuman
Fig. 1. Allometry coefficients (CA) at the grain sorghum accessions depending
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YcTaHOBEHN Ca 3HA4YUTESIHW TeHO-
TUMHW pasnnyna npu onpegensHe Tosne-
paHTHOCTTa Ha o6pasuuTe Ccopro 3a
3bPHO KbM TecTBaHuUTe xepbuuman (TI)
(durypa 2). CTOMHOCTMTE Ha WHAOEKCHT
Ha TonepaHTHocT (TI) npm ob6pasunte
COpro 3a 3bPHO Bapupa B LUMPOK Auana-
30H (Tl oT 45.4 po 129.9) cnepn npunoxe-
Hue Ha xepéuumante 3eHkop 600 CK,
Ctomn AkBa, YuHr ' u MepnunH ®nekc 480.

C oTHOCUTENeH Haii-BMCOKa Tosie-
paHTHOCT (TI) ce oTnmMyasaT reHoTUnNUTe
HL 16113 — 108.3 n HL 16121 — 129.8%
cnep npunoxeHve Ha MepnnH ®nekc
480 CK, a OTHOCWUTENIHO Hai-Hucka e
yctaHoBeHo npu  HL 1673  KbMm
xepouunante 3eHkop 600 CK- 53.3 u
Ctomn AkBa — 45.4%.

CTOliHOCTUTE Ha OOLUMAT (PUTOTOK-
cnyeH edpekt (OFE) Ha npunoxeHute
xepbuuman, cpegHo 3a BCUMYKM 0bpasum
COpro 3a 3bPHO Bapupar B guanasoHa oT
0.07 go 0.22 n morart ga 6baart rpynupa-
HA B cnegHua Bb3xoaaw, peg Crtomn
AkBa - 0.07- 3enkop 600 CK 0.12 -
MepnvH ®nekc 480 CK — 0.22 (durypa 3).

Significant genotypic differences
were found in determination tolerance of
grain sorghum accessions to tested
herbicides (TI) (Figure2). The tolerance
index (TI) values for grain sorghum
accessions varied from 45.4 to 129.9,
after application of the herbicides Sencor
600 SC, Stomp Aqua, Wing P and Merlin
Flexx 480.

With the relative highest tolerance
(Tl) are determined at accessions HL
16113 - 108.3 and HL 16121 - 129.8%
after treatment with Merlin Flex 480 CK
and relatively low is found at HL 1673 to
herbicides Sencor 600 SC - 53.3 and
Stomp Aqua - 45.4%.

The overall phytotoxic effect (OFE)
values of applied herbicides average over
all grain sorghum accessions varied from
0.07 to 0.22 and can be grouped in the
following ascending order Stomp Aqua -
0.07 - Sencor 600 SC 0.12 - Merlin
Flexx 480 SC - 0.22 (Figure 3).
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Haii-cnab o6y outoToKCMYEeH eddekT
(OFE) e otueteH npu HL 16113 (OFE ot
0.00003 go 0.00047) npn BCUYKN NPUNOXKe-
HU xepbuumawn, cnegsaH OT obpasun HL
1673 (OFE 0.03), HL 16121 (OFE 0.06)
cnepn tpetupaHe cbc Ctomn AkBa M npwu
copT buaHko cneg npuioxeHve Ha Ctomn
AkBa (OFE 0.05) n 3eHkop 600 CK (OFE 0.04).

The lowest overall phytotoxic effect
(OFE) was recorded in HL 16113 (OFE
from 0.00003 to 0.00047) in all tested
herbicides, followed by accessions HL 1673
(OFE 0.03), HL 16121 (OFE 0.06) after
treatment with Stomp Aqua and Bianco
variety with Stomp Aqua (OFE 0.05) and
Sencor 600 SC (OFE 0.04).
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OTHOCMTENHO BMCOK 06LY (PUTOTOK-
cnyeH edekt (OFE) e oTueTeH npu
o6pasum HL 1641 (OFE 0,25) n HL 1673 —
0.24 cnep TpeTupaHe ¢ MepnuH ®nekc 480
CK, kakto u npn HL 1643 — 0.22 npu
npunoxeHve Ha 3eHkop 600 CK, pokato
npv HL 1641, HL 16743 n copTt Verdon 06wy,
ouToTOKCMYEH edhekT nof Bb3AeincTBMeTo
Ctomn AkBa e B pgmanaszoHa ot 0.10 go
0.11%. Pa3nukute B CTOMHOCTMTE Ha
obwmsa dutotokcnyeH edpekt (OFE) Ha
xepbuunante npu ob6pasuute copro 3a
3bpHO, Morat pga 6bgar 006SACHEHUM C
reHeTVYHUTEe UM  pasnuuus, Tbi KaTo
CpaBHeHUATa Mexay TAX ca HanpaseHu npu
KOHTPO/IMpaHu NabopaTopH YC/I0BUS.

N3BOAN

[BYKOMMOHEHTHUTE xepéuunan
Yunr-Mn (212.5 g/l gumeteHamug-n n 250
g/l neHgumeTannH) B go3n — 150, 300 n
450 ml/da, Mapgonpum Moc Fong 500
CK (312.5 g/l S-meTtonaxnop + 187.5 g/l
TepbytunasuH) — 200, 400 1 600 ml/da u
Oyan Tong 960 EK (960 gl
S-meTonaxnop) — 60, 120 n 180 ml/da,
okasBart sieTanieH ed)ekT Npu NokKbABaHe
Ha cemeHaTa Ha BCUYKM 0bpasuu copro
3a 3bpHo.

EOHOKOMMNOHEHTHUTE  Xep6uuuam
3eHkop 600 CK (600 g/l meTpuby3sunH) B
[o3n 22.5, 45.0 n 67.5 mil/da, Ctomn Akea
(455 g/l neHgumeTanuH) — 175, 350 n 525
ml/da n MepnuH ®nekc 480 CK (240 g/l
n3okcadynyton + 240 g/l uunpocyndamug) —
21, 42 wn 63 ml/da okasBaT oOT
nHonpepeHteH p[o cnab PUTOTOKCUYEH
ehbekT BbpPXy Kb/IHAEMOCTTA Ha cemeHarta
npy obpasuute HL 1641, HL 1643 n HL
1673 wvnn ctumynupall eqekT BbpXy
HapacTBaHeTO Ha Kb/lHA U MbPBOHAYATHOTO
pa3suTue Ha obpasum HL 1673, HL 16121 n
HL 16113 copro 3a 3bpHo.

C oTHOocuTeneH Haii-gobpa Tone-
paHTHOCT (TI) KbMm XepbuunauTe 3a NOYBEHO
NpUIOXKeHNe ce oT/iMyaBaTt reHotunute HL
16113 n HL 16121 (pecnektnBHo 108.3 u
129.8%) kbm MepnuH ®nekc 480 CK, a ¢
Hai-cnaba e HL 1673 kbM Xepbuumante
3eHkop 600 CK — 53.3 n Crtomn AkBa —
45.4%.

Relatively high overall phytotoxic
effect (OFE) was reported in accessions
HL 1641 - 0.25 and HL 1673 - 0.24 after
treatment with Merlin Flexx 480 SC, as
well as HL 1643 - 0.22 of Sencor 600 SC,
whereas for HL 1641, HL 16743 and
Verdon variety overall phytotoxic effect of
Stomp Aqua is in the range of 0.10 to
0.11%. Differences in the overall
phytotoxic effect (OFE) of herbicides in
grain sorghum accessions can be
explained by genetic differences as
comparisons between them are made
under controlled laboratory conditions.

CONCLUSIONS

Two-component herbicides Wing P
(212.5 g/l dimethenamid-n and 250 g/l
pendimethalin) at the doses — 150, 300
and 450 ml/da, Gardoprim Plus Gold 500
SC (312.5 g/l S-metolachlor + 187.5 g/l
terbuthylazine) — 200, 400 and 600 ml/da
and Dual Gold 960 EC (960 g/l
S-metolachlor) — 60, 120 and 180 ml/da,
have a lethal effects on seed germination
of all tested sorghum grain accessions.

The single-component herbicides
Sencor 600 SC (600 g/l metribuzin) at the
doses 22.5, 45.0 and 67.5 ml/da, Stomp
Aqua (455 g/l pendimethalin) — 175, 350
and 525 ml/da, Merlin Flexx 480 SC (240
g/l isoxaflutole + 240 g/l cyprotsulfamide)
— 21, 42 and 63 ml/da had indifferent to
weak phytotoxic effects on seed
germination at the accessions HL 1641,
HL 1643 and HL 1673 and/or a
stimulating effect on growth and initial
development of the seedling at the HL
1673, HL 16121 and HL 16113 grain
sorghum accessions.

With a relatively good tolerance (Tl)
to herbicides for soil application, the
accessions HL 16113 and HL 16121
(respectively 108.3 and 129.8%) to Merlin
Flex 480 SC are distinguished and the
lowest is HL 1673 to herbicides Sencor
600 SC - 53.3 and Stomp Aqua - 45.4%.
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MpunoxeHaTa Hail-HMCKa [Ao03a Ha
MepnvH dnekc 480 CK okassa cTtatucTu-
Yyeckn [JokKasaH CcTumynupaw, edpekt
(xepbungeH xopmesuc) ot 10.9 go 33.6%
npu obpasum HL 16113 HL 16121 BbpXy
HapacTBaHETO Ha [Ab/IXMHA Ha KbjlHa Y
MoraT Aa 6bAaT M3nosi3BaHn KaTto KOMMNo-
HEeHTU Npu Ccb3haBaHEeTO Ha COpToBeE C
TONIEPAHTHOCT KbM Xepbuunan.

YcTaHOBEeHa € eKBUBASIEHTHOCT MEX-
[y CenekTMBHOCTTa Ha xepbuuuauTe, oTye-
TeHa upe3 Koe(UUMEHTBbT Ha WHXMbupaHe
npu HapacTBaHETO Ha KOPeH, CTeB/10 U KbJH
N CTOMHOCTUTE Ha O06WMAT PUTOTOKCMYEH
edpekt (OFE) B HauyanHute eTanuM OT
pa3BUTMETO Ha TecTBaHMTe obpasuy copro

The lowest applied dose of Merlin
Flexx 480 SC had a statistically significant
stimulating effect (herbicide hormesis) of
0.7 to 83.5% for accessions HL 16113
and HL 16121 on the growth of seedling
length, can be used as components for
the breeding of varieties with tolerance to
herbicides.

An equivalence between the
selectivity of the herbicides as measured
by the coefficient of inhibition of root, stem
and seedling and the values from overall
phytotoxic effect (OFE) in the early stages
of development of the tested sorghum
accessions.
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