Journal of Mountain Agriculture on the Balkans, 2025, 28 (5), 384-402
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

ISSN1311-0489 (Print)
ISSN 2367-8364 (Online)

MU3cnepgBaHe Ha peakuusita Ha uapesu4yHa nuHua LRL 101
KbM NpunaraHeTo Ha HAKOM BeretTalMoHHU Xxeponumam

CeetnaHna CtosiHoBa*, EBreHus Xekosa, Jllo6omup MBaHoB

UHemumym no 3emedenue u cemesHaHue ,,06pa3suos qughnuk’, 7007 Pyce, bbnezapus
CernickocmonaHcka akademusi, 1373, Cogpusi, brreapus

A Study on the Response of Maize Line LRL101 to the
Application of Some Vegetation Herbicides

Svetlana Stoyanova*, Lyubomir lvanov, Evgenia Zhekova

Institute of Agriculture and Seed Science "Obratzov Chiflik", 7007 Ruse, Bulgaria
Agricultural Academy of Bulgaria, 1373 Sofia, Bulgaria

*E-mail: sv_stoianova@ mail.bg

OpU8UHaJ7Ha Hay4Ha cmamus

PE3IOME

Hacrtoswoto mnscnegeaHe Mma 3a
uen ga oueHW YyBCTBUTENHOCTTA MU
NPOAYKTMBHOCTTA Ha LiapeBMYHa JNHWS
LRL101 cneq TpeTupaHe Cc Tpu
BereTaunoHHn xepbuumaa — AgeHro 465
CK, Nayonc OO u XemHuko 25 CK.
BuayanHarta oLeHka Ha
PUTOTOKCMYHOCTTA, npoeegeHa no
ckanata Ha EWRS, otuuta cnabu
cMMnNTOMM Ha yBpexaaHe (6an 2) npes
nbpeuTe 10 - 20 aHM cnea TPeTUpPaHEToO,
KOMTO HanmbIHO u34ves3sat Ao 40-us OeH.
MopdonoryHnTe  XxapakTepuctuku U
XabuTycbT Ha pacTeHusTa BbB asa
NbfHa 3psnocT He ce pasnuyaear
CbLUECTBEHO OT KOHTporarta. AHanmMabT
Ha CTPYKTYpPHMUTE enemeHTn Ha gobusa
nokasea, ye BCUYKU NPUOXEHN
xepbuumngn okaseart NonoxuTeneH eqekT
BbpXy MNoKasaTtenute Ab/kKMHata MU
MacaTa Ha kovaHa, MacaTa Ha 3bpHaTa U
Opoa 3bpHa B ped. Hanm-sucoku
CTOMHOCTM Ca OTYETEHM MpU OBYKPATHO
npunoxexHne Ha JNayguc O n XemHuko

SUMMARY

The present study aims to evaluate
the sensitivity and productivity of maize
line LRL101 following treatment with
three vegetation herbicides — Adengo 465
SC, Laudis OD, and Hemnyco 25 SC.
The visual assessment of phytotoxicity,
conducted according to the EWRS scale,
records mild injury symptoms (score 2)
during the first 10-20 days after
treatment, which completely disappear by
day 40.

The morphological characteristics and the
habitus of the plants at full maturity phase
do not differ significantly from the control.
The analysis of the yield’s structural
elements show that all applied herbicides
have a positive effect on ear’s length and
weight, the grain weight and the number
of grains per row.

The highest values were recorded under
double applications of Laudis OD and
Hemnyco 25 SC, where statistically
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25 CK, npu Kouto ca YCTaHOBEHM
CTATUCTUYECKN 3HAYUMM pasnuums (a =
0.001 n a = 0.05). CpegHuat gobus ot
3bpHO 3a nepuoga 2018-2020 r. Bapupa

oT 4930 po 5690 kg ha™, «karto
YBENMUYEHNETO  CMPsIMO  KOHTponara
goctura 24%. Pesyntatute oT

OBY(DAKTOPHUST  OMCNEPCUOHEH aHanu3
nokaseat, 4Ye KIMMaTUYHWUTE YCrOBUSA
numart peluaBallo BnvsiHMe BbpXy Aobuea
(125.723%), pokaTo  edeKkTbT Ha
xepouunaute e no-cnao, HO
CTaTUCTUYECKN JoKasaH (0.703%).
MonyyeHnTe AaHHM MOTBbpXOABaT, ye
npunaraHeTo Ha BereTaumoHHU
xepbuuman OT KnacoBeTe TPUKETOHWU U
Tp1asonnUpUMnaMHcyndoHaMmmam

ocurypsisa edeKkTuBeH KOHTpoOn  Ha
nnesenute W cb3gaBa OnaronpusiTHM
YyCNoBMSA 3a pacTex W pasButMe Ha

pacTteHuaTa, be3 3Ha4YMma
PUTOTOKCMYHOCT, noanomaranku
peanusnpaHeTo Ha reHeTUYHUS
noteHuman Ha nuHus LRL101.

KnrouoBu ByMu: Luapesmua,
nsokcacdpnyron, TueHkapba3oH-meTun,
TeMOOTPUOH, HUKOCYNAOYPOH,
YYBCTBUTESTHOCT KbM xepoununam,

enemMeHTU Ha JobuBa, 3anneBensaBaHe

yBOoa

Llapesuuata (Zea mays L.) e cpen
Han-BaXHNTE 3bPHEHO-PYPaKHM KynTypK
B CBETOBHOTO 3emefenve, 3aemala
BOOELWO MSACTO B MpPOM3BOACTBOTO Ha

XpaHu, dQypaxum U CypOBUHM  3a
nHOycTpusita. PeannanpaHeTo Ha HEWHKUS
OobuBeH noTeHuMan e B Mpsika
3aBNCUMOCT oT €(EeKTMBHOTO
ynpaeneHne Ha akTopuTe Ha cpeaara,
cpeq KOUTO 3anneBensBaHeTO
npeacTaensiBa €ouH OT  OCHOBHUTE

orpaHnyasawy dakrtopn. EdekTnBHnAT
KOHTPOI Ha nnesenHara pacTUTENHOCT e
KMIOYOB 3a MNocTMraHe Ha crabunHa
NPOAYKTUBHOCT npu uapesuuara,
ocobeHo  npwu WHOpeaHu nnHUK,
XapaKkTepuaunpalum ce ¢ pasnu4Ha ctenex
Ha TONepaHTHOCT KbM Xepouunau.
BereTaumoHHuTe xepbuungn,

significant differences were established
(a =0.001 and a = 0.05).

The average grain yield for the period
2018-2020 ranged from 4930 to 5690 kg
ha™, representing up to a 24% increase
compared to the control.

Results from the two-way ANOVA
indicated that climatic conditions had a
decisive influence on vyield formation
(125.723%), while the herbicide effect
was weaker but statistically confirmed
(0.703%).

The obtained data demonstrate that the
application of vegetation herbicides from

the triketone and
triazolpyrimidinesulfonamide classes
ensures effective weed control and

creates favorable conditions for plant
growth and development, without
inducing significant phytotoxicity, thus
supporting the realization of the genetic
yield potential of maize line LRL101.

Key words: maize, isoxaflutol,
thiencarbazone-methyl, tembotrione,
nicosulfuron, herbicide sensitivity, yield
elements, weeding

INTRODUCTION

Maize (Zea mays L.) is among the
most important cereal and forage crops in
global agriculture, occupying a leading
position in the production of food, feed,
and industrial raw materials.

The realization of its yield potential
directly depends on the effective
management of environmental factors,
among which weed infestation represents
one of the major limiting components.
Efficient weed control is a key
prerequisite  for  achieving  stable
productivity in maize, especially in inbred
lines characterized by different degrees
of herbicide tolerance.

Vegetation herbicides, applied after
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npunaraHu cneq NMOHMKBaHe Ha
KynTypaTa, NPeAoCTaBAT Bb3MOXHOCT 3a
rbBKaBoO ynpaerneHune Ha
3anneBensBaHeTO M HamansBaHe Ha
KOHKYpPEeHUMsiTa 3a CBEeT/IMHa, Boga MU
xpanuTenHu BewecTtBa (Knezevic et al.,
2013; Gharde et al., 2018). Cpen Han-
LUMPOKO W3MOMN3BaHUTE MNpPeacTaBUTENU
Ha Ta3wu rpyna ca Agenro 465 CK, Jlayanc
O[0 n XemHuko 25 CK, otnmnyasalum ce ¢
pasnMyeH MexaHW3bM Ha [elcTBUE U
CMEKTbP Ha KOHTpPOT.

Aperro 465 CK (u3okcagndeH-
etmn + TWeMeToH + Me30TPUOH) €

cUcTeMeH xepbuumag € KOMOMHMpaHO
MoYBEHO W BeretTauuoHHO [OeNcTBue,
NHXNOMpalLL eH3nmMa 4-

XNOPOKCUDEHNNNMPYBATANOKCUIeHasa
(HPPD), koeTo BOAM OO0 OGnokvpaHe Ha
BrnocuHTesa Ha KapoTuHonau n
nobenseaHe Ha YyBCTBUTEIMHUTE
nnesenu. Jlayanc OO (Tem60TpUOH)
NPUHAANEXN KbM CbLUNS XUMUYEH Knac —
TPUKETOHW — 1 AeNCTBa Ypes3 aHanornyeH
MEXaHN3bM, ocurypsisaiku BUCOK
KOHTPOM BbPXY LUMPOKONUCTHU U KUTHM
nnesenu npu BEreTaunoHHo
NPUITOXEHE. XEeMHUKO 25 CK
(HuKocyndpypoH) e npegcraBuTen Ha
rpynata Ha cyndoHunypeuTe n gencrea
KaTo NHXMBUTOP Ha
auetonaktatcuHtasata (ALS), koeto
HapylwlaBa CMHTE3a Ha eceHuMarnHm
aMUHOKUCENVHM N BOOU OO 3arMBaHe Ha
YyBCTBUTENHNTE BUOOBE.

KomGuHauuaTa ot Te3m xepomumngm
B TEXHONornsita Ha OTrMexgaHe Ha
uapeBuua paswmpsiBa Bb3MOXHOCTUTE
32 edeKTMBEH KOHTPON BbPXY LMPOK
cnekTbp nneesenu ot cem. Poaceae u

Asteraceae, KaTo ChblLIEBPEMEHHO
nossonsiBa  OLeHKa Ha  TdxHaTa
ceneKkTUBHOCT CnpsIMO pasnuyHun
reHoTUNoBe,  BKMIOYUTENHO  NUHUATA
LRL101.

CbBpemMeHHUTE BereTauMoHHU

xepbuuman ce xapaktepuavpar C BUCOKa
CEeneKTUBHOCT, KOSITO nossorsiea
YCMELHOTO UM MPUIIOXKEHNE B PasfivyHU
dasm oT pasBNTMETO Ha KynTypaTa

crop sprouting, provide flexible
opportunities  for managing  weed
competition and reducing the depletion of
light, water, and nutrients (Knezevic et
al., 2013; Gharde et al., 2018).

Among the most widely used
representatives of this group are Adengo
465 SC, Laudis OD, and Hemnyco 25
SC, which differ in their mechanisms of
action and spectrum of control.

Adengo 465 SC (isoxadifen-ethyl +
thiencarbazone-methyl + mesotrione) is a
systemic herbicide with both soil and
foliar activity. It inhibits the enzyme 4-
hydroxyphenylpyruvate dioxygenase
(HPPD), blocking carotenoid biosynthesis
and causing bleaching in sensitive weed
species.

Laudis OD (tembotrione) belongs to the
same chemical class — triketones — and
acts through a similar mechanism,
providing high control efficiency against
broadleaf and grass weeds when applied
vegetatively.

Hemnyco 25 SC (nicosulfuron) is a
sulfonylurea  herbicide that inhibits
acetolactate synthase (ALS), disrupting
the synthesis of essential amino acids
and leading to the death of susceptible
plants.

The combined use of these
herbicides in maize production
technology broadens the spectrum of
effective weed control across families
Poaceae and Asteraceae, while allowing
for the evaluation of their selectivity
toward different genotypes, including line
LRL101.

Modern vegetation herbicides are
characterized by high selectivity, which
enables their successful application in
various stages of crop development
(Pallett et al., 2001).
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(Pallett et al.,, 2001). Bbnpekn TOBa
TAXHaTa €eqEKTMBHOCT W MOTeHuManHa
PMTOTOKCMYHOCT MoOraT ga BapupaTr B
3aBMCMMOCT OT reHoTMNa Ha pacTeHuaTa,
arpoOeKoNorMYyHUTE YCNoBUSA N Ha4ynHa Ha
NPUNOXeHne.

OueHkaTa Ha YyBCTBUTEMHOCTTA
Ha pasnnMyHn reHoTMnoBse KbM
xepbuunaon npenctaensiBa  CblLUECTBEH
efeMeHT B npoueca Ha cenekuuss u
BHeOpsABaHE Ha HOBW NIMHWUW U Xxmbpuam ¢
MoBMLUEHA YCTOWYMBOCT W cTabuiHa
npogyktmBHocT  (Abit et al., 2010).
M3cnegBaHeTo Ha B3aMMOAENCTBUMETO
Mexay —xepovumanMte U KOHKPETHM
reHoTMNoOBE Ha LapeBuuarta LonpuHacs
3a ONTMMM3MPaHE Ha TEeXHOMNorMuTe Ha
oTrnexgaHe U MUHUMWU3MPaHE Ha pucka
OT (PUTOTOKCMYHU NposiBn. EdpekTmBHaTa
bopba c nneeenuTe M3MCKBA CUCTEMHO
M3NMTBaHe Ha HOBM CpeacTBa 3a
KOHTpOM, CboOpaseHn C  MOYBEHO-
KNMMaTu4HUTE YCrnoBuUst U BUONOrMYHUTE
0cobeHOCTH Ha N3nona3BaHnTe
reHotunose (Dimitrova et al., 2013a;
2013b; Gerasimova, 2013).

Llenta Ha HaCTOALLOTO
n3cregBaHe € Ja Ce OUeHU peakuundarta
Ha uapeBuyHa JnmHMA LRL101  KkbMm
npunaraHeTo Ha HSKOW BereTaunoHHU
xepouunan, 4pe3 aHanmm3 Ha TexHuTe
ehekTM BbpXy CTPYKTYPHUTE ENEMEHTU
Ha gobuBa u obLiata NPOAYKTUBHOCT Ha
pacTeHusiTa Npm NosiCkM yCroBus.

MATEPWUAIT U METOOU

N3cnegsaHeto e nposefeHo B
OMNUTHOTO Mone Ha WHCTUTYT o
3emegenne un cemesHaHne ,0O6pasuos
undpnuk” — Pyce, Bonrapusa. WHCTUTYTBLT
e pasnonoxeH B CeBepHMs KnNuMaTnyeH

parioH Ha [yHaBckata  XbnMmucTa
paBHWHA Ha HagMopcka BucodMHa 152 m,
43°48' ceBepHa wWwupuHa un 26°02'

N3TOYMHa ObimkuMHa. EkcnepumeHTanHata
nnow, € ¢ No4YBeH TUM CUITHO W3NYKeH
YepHO3eM, Ha KOMTO kKapboHaTuTe ca
n3HeceHn Ha abno6o4vmnHa 100-190 cm ot
rnoyeeHata  MOBBLPXHOCT.  AKTUBHOTO
nnogopoavMe Ha noyeata € ¢ A06bp

Nevertheless, their efficiency and
potential phytotoxicity = may  vary
depending on plant genotype,

agroecological conditions, and method of
application.

Assessing the  sensitivity of
different maize genotypes to herbicides is
an essential element in the selection and
development of new lines and hybrids
with improved tolerance and stable
productivity (Abit et al., 2010).

The study of herbicide—genotype
interactions contributes to optimizing
cultivation technologies and minimizing
the risk of phytotoxic effects.

Effective weed management therefore
requires systematic testing of new control
agents adapted to specific soil and
climatic conditions and the biological
characteristics of the studied genotypes
(Dimitrova et al.,, 2013a; 2013b;
Gerasimova, 2013).

The aim of the present study is to
evaluate the response of maize line
LRL101 to the application of selected
vegetation herbicides by analyzing their
effects on vyield’s structural components
and the overall plant productivity under
field conditions.

MATERIAL AND METHODS

The study was conducted in the
experimental field of the Institute of
agriculture and seed science “Obraztsov
Chiflik” — Ruse, Bulgaria. The institute is
located in the Northern climatic region of
the Danube hilly plane at 152 m above
the sea level, 43°48"' North latitude and
26°02' East longitude.
The experimental area is of soil type
highly leached chernozem, carbonates of
which are exported at 100-190cm of
depth from the soil surface. The active
fertility of the soil is with a good
potassium stock (33.17 mg 100g™ soil),
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kanueB 3anac (33.17 mg 100g™ nousa),
HefocTaTbyeH asoTeH (16.84 mg 100 g™
noysa) n cnab dgocdopeH (6.15 mg 100
g' nouea)  XpaHUTENEH  PEXUM.
PU3NKOXMMUYHMUTE CBONCTBA Ha no4yBarta
Cce xapakrtepuaupar cbC cnabo kucerna
noyseHa peakumsa pH (B KCL 5.6 - 6.7) u
cTeneH Ha HacuTeHocT ¢ 6a3n 89 — 92 %
(Kazandjiev, 2008).

MNpe3 nepuoga 2018-2020 r. e
NpoBeAEH MOJICKM ONUT C LapeBMNYHa
nuumna LRL101 no ©GnokoBus meTon Ha
WaHuH, npu cemem BapuaHta B TpuU
MOBTOPEHNST W MNOW, Ha peKonTHaTa
napuena 10 m? (Shanin, 1977).
Ceuntbata Ha KkynTypata € W3BbpLIEHA
crnep npedwecTBEHUK MleHuua, Ha
AobnbounHa 6—-8 cm, ¢ napuenHa cesnka
¢ pabotHa wwupumHa 140 m, B
ONTMMarnHMsa 3a pawvoHa CpOK — npes
BTOpaTa feceTaHeBKka Ha Mecel, anpun.
MpunaraHa e cTaHgapTHa TexHoONorMs 3a
OTIMeXOgaHe Ha KynTypaTa npu cemtbeHa
Hopma 55 000 pactenus ha™ (Popov et
al., 1966). Crneg npubupaHeTo Ha
NnpefLwecTBeEHMKA € U3BbpLUeHa gbnboka
opaH Ha 25 cm, a npegun ceutbata —
OBYKpaTHO OMCKyBaHe Ha abnboymHa 10—
12 cm, nocrnegsaHo OT KynTuBMpaHe U
BanupaHe npegu n cnep ceutbarta 3a
JoBexJaHe Ha noyBaTa [0 rPagvHCKO
cbCcTosiHMe. [lpe3 rogMHuTe onuTHaTa
nnowy e TopeHa ¢ 200 kg ha™ NisP1sK1s
KaTo OCHOBHO TOpeHe, a npes nponetTa,
C npegcentbeHoTo KynmTuBMpaHe, e
BHeceH ponbnHutenHo 150 kg ha™
a3oTeH Top (amoHueBa cenutpa, 33%).

NsnutaHo e BAMAHWETO Ha Tpu
BereTaunmoHHn xepbuumpa: ApeHro 465
CK, Nayanc OO un Xemuuko 25 CK,
BHECEHU c rpbbHa npbCcKayka,
obopyaBaHa C Aw3a C  MMAOCHK
BEHTUNATOpP, Npu pas3xod Ha paboTeH
pasteop 200 | ha™, BbB pasza 5-6 nuct
(BBCH 15-16) Ha KynTypaTa.
MNpenapaTtute ca NPUNoXeHN B
onTMMarnHM [o3u €OHOKpaTHO MU
OBYKpaTHO, npe3 wuHTepBan ot 20 AHu
(Tabrnmua 1). MNpe3 uenua nepuop Ha
n3crnegBaHeTo € NoaabpXaH KOHTPOSeH

1

insufficient nitrogen (16.84 mg 100 g
soil) and weak phosphorus (6.15 mg 100
g’ soil) diet. The physicochemical
properties of the soil are characterized
with low acidic soil reaction pH (in KCL
5.6 - 6.7) and saturation degree with
bases 89 — 92 % (Kazandijiev, 2008).

During the period of 2018-2020 a

field experiment was conducted with
maize line LRL101 by the block method
of Shanin in seven variants by three
iterations and an area of yield lot 10 m?
(Shanin, 1977).
The sowing of crops was conducted after
a predecessor wheat at depth of 6-8 cm
using seed drill with width of 1.40m in the
optimal for the district period - the
second 10 days of April.

The standard technology of growing the
crop in sowing norm of 55 000 plants ha™
was applied (Popov et al., 1966). After
harvesting the predecessor a deep
ploughing at 25 cm was conducted and
before the - sowing a double discing at
the depth of 10-12 cm, followed by
cultivation and rolling before and after the
sowing in order to bring the soil to
gardening condition. Throughout the year
the experimental area was fertilized with
200kg ha™ NisP1sK15 as main fertilization
and in the Spring, with the pre-sowing
cultivation, an additional 150 kg ha™
nitrogen fertilizer (ammonium nitrate
33%) was inserted.

The influence of three vegetation
herbicides was tested: Adengo 465 SC,
Laudis OD and Hemnyco 25 SC, inserted
by a backpack sprayer equipped with a
nozzle with flat  ventilator  with
consummation of solution 200 | ha™, in
phase 5-6 list (BBCH 15-16) of the
culture.

The chemicals were applied in optimal
doses - once and twice at an interval of
20 days (Table 1). Throughout the period
of the study a control variant, clean of
weeds, was maintained by two
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BapuaHT, 4YMCT OT nnesenu, 4ype3 aee | mechanized drippings between the rows
MeXaHN3npaHu oKornaBaHus Ha | and two manual drippings in the rows.
MexaypeavaTa u ABe pbYHW OKOMaBaHUS

Ha pegogeTe.

Ta6bnuua 1. BapuaHTn Ha eKcnepuMeHTa
Table 1. Variants of the experiment

LOo3sn -
TbProBCKu [o3sa - a.B.
. npoaykt Doses -
BapuaHTu / Variants ATuBHM BellecTea / Active Doses - active
substance e
herbicides, substance, g
g ha'll(ml ha’ ha™
)
CTtonaHcka (OKoMHa) KoOHTpona ) ) )
Economic (trench) control
(n3okcadpnyTton/isoxaflutol - 225 350 162.7
g I'; TueHkap6a3oH-
meTun/thiencarbazone-methyl -
Apenro 465CK / Adengo 465SC 90g I 300+50 139.5+23.2
uunpocyndamumg/ciprosulfamide
(aHTupoT/antidote) - 150 g I')
(temboTproH/tembotrione 44 g 2000 132.0
) I': nsockaguden-
Nayaue Ol / Laudis OD eTun/Isoxadiphen-ethyl 1500+500 99.0+33.0
(anTupoT/antidote) 22 g I

XeMHuko 25CK / Chemnico (HnMkocyndypoH/nicosulfuron 210 50.4

25SC 240g 1M 150+60 36.0+14.4

CeneKkTMBHOCTTa Ha npunaraHuTe
xepobuungn e onpegeneHa  4pes
BM3yanHaTa OLeHKa Ha (UTOTOKCUMYHUTE
CMMTOMW MO KyNTYpHUTE pacTeHus:,
nanonaeankn 9-6anHara ckana Ha EWRS
(European Weed Research Society).
OueHaBaHeTO e NpoBeaeHo Ha 7-mu, 14-
™, 21-Bu un 40-Tus OeH cnepn
TpetmpaHeto. CtomHoct O nokasea
OTCbCTBME Ha BMAMMM MOBPEAM, AOKaTo
9 o03HayaBa MbLMHO YHULLOXaBaHe Ha
pacTteHusita. [lony4yeHUTe  CTOWHOCTU
oTpassBaT CTeneHTa Ha uanonornyHa
peakumss Ha nuHuaTa LRL101  kbMm
npunaraHuTe xepouuugn n cnyxart kaTo
nokasaten 3a TaxHaTa CeneKTMBHOCT Mpu
MOSICKWN YCIOBMSI.

MpubupaHeto Ha uapeBuuata e
N3BbpPLUEHO PBbYHO BbB asa
TexHornornyHa 3psanoct (BBCH 89-99).
[obvBute ca oOT4eTEHM OT TpUTE

The selectivity of the applied
herbicides is determined by the visual
assessment of the phytotoxic symptoms
on cultivated plants, using the 9-point
scale of EWRS (European Weed
Research Society).

The assessment was conducted on the
7" 14" 21% and 40™ day after the
treatment. A value 0 shows absence of
visual damages, while 9 means full
destruction of the plants. The received
values show the degree of physiological
reaction of the line LRL101 to the applied
herbicides and act like a indicator of their
selectivity in field conditions.

The harvesting of maize was
conducted by hand in the phase of
technological maturity (BBCH 89-99).
The yields are reported from three crop
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PEeKoNTHM napuena M NpupaBHEHU KbM
ctaHgapTHa Bnara 14%, kato ca
nspasenu B kg ha™. MNpoaykTneHocTTa Ha
KynTypata e onpegeneHa u u4pes
OMOMETPUYHM MoKasaTenu: ObkMHa Ha
kodaHa (cm), Opon pepoBe B KodaHa,
Maca Ha eauH koyaH (g), 6pon 3bpHa B
eavH pen, a criel opoHBaHe — Maca Ha
3bpHaTa OT eauH KodaH (g).

[aHHnTe 3a MeTeoponorMyHuTe
yCrnoBus Npe3 nepuoga Ha NpoyyYBaHETO
ca nomydeHM OT  cTauuoHapHarta
MeTeoporiormdyHa knetka npu  W3C
,O0pas3uoB 4ndnuk®, pasnonoxeHa B
HernocpeacTBeHa OnmM3oCT A0 ONWUTHOTO
none. Ha 6Gasata Ha Mece4yHOTO
KONMYecTBO  Bamexu W cpeaHara
AEHOHOLHa Temnepatypa € W34ucreH
MHOEKCbT Ha cyxota Ha de Martonne
(IDM) — nokasaTen, xapakTepusunpalrl
YyCNoBMSATa Ha OBMaXHsiBaHe Ha dafeHa
Teputopus (Paltineanu et al., 2007).

HdaHHuTe oOT wu3cnegBaHeTo ca
06paboTeHn Ype3 CTaTUCTUYECKM METOON
C nomowta Ha nporpamata SPSS
(Bepcus 19.0). 3HauumocTTa Ha
pasnukuTe Mexay dakropuTe e oueHeHa
ype3  eaHO(aKTOpPEH  OMCMNEPCUOHEH
aHarmm3 (ANOVA), a pasnuuusata mexgy
CpegHNTEe CTOMHOCTM Ca MpPOBEPEHU C
Tecta Ha Tukey NMpu HMBO Ha 3HAYUMOCT
a=0.05. 3a pa ce onpeaenu cTeneHTa Ha
BMMSHAE W B3aUMOLEWCTBUETO MeXay
dakTopute xepbuunan (B), roguHa (Y) un
xepbuungn x  rognHa (BxY) Bbpxy
n3crnegBaHNTE MNpPU3HaUW, € MPUIIOXKeH
ABY(baKTOpeH [OMCNEepPCUOHEH  aHanu3
(Ganeva, 2016).

PE3YINTATU N OBCBXXOAHE

KnumatbT B panoHa Ha O6pasuos
YNIMK € YMEepeHO KOHTMHEHTareH, c
ropewo u cyxo NSATO, YeCTU CyxOoBew U
HeooCTaTbYyHM  Bamnexu, KakTo U CbC
CTygeHa 3uma W KpaTKM NPEexoaHu
ce30Hn. OCHOBHUTE PUCKOBW (haKTopK 3a
uapeBuUaTa ca NEeTHUTE 3acyllaBaHus,
HMCkaTa atMocdepHa BMAXHOCT U
BUCOKUTE TemnepaTypu npes HW—aBryct
(Tabnuua 2).

parcels and equated to standard moisture
of 14% expressed in kg ha™.

The productivity of the culture is
conducted by biometrical indicators:
length of ear (cm), number of rows in the
ear, weight of one ear (g), number of
grains in a row and after shelling — weigh
of grains from one ear (g).

The data for the meteorological

conditions during the period of studying
are received from the stationary
meteorological cell at IASS “Obraztsov
Chiflik”, positioned in a closed proximity
to the experimental field.
Based on the monthly amount of rains
and the average temperature for 24
hours, the De Martone aridity index was
computed — a indicator that characterizes
the conditions of humidification of given
territory (Paltineanu et al., 2007).

The data of the study was
processed by statistic methods using the
program SPSS (version 19.0). The
significance of the differences between
the factors is assessed by one-way
analysis of variance (ANOVA), while the
differences between the average values
are checked with the test of Tukey at a
significance level of a=0.05. In order for
the degree of influence and interaction
between the factors herbicides (B), year
(Y) and herbicides x year (BxY) on the
studied signs to be determined, a two-
way analysis of variance was applied
(Ganeva, 2016).

RESULTS AND DISCUSSION

The climate in the region of
Obraztsov Chiflik is temperate
continental, characterized by hot and dry
summers with frequent dry winds and
insufficient rainfall, and by cold winters
with short transitional seasons. The main
climatic risks for maize are summer
droughts, low air humidity, and high
temperatures during June—August
(Table 2).
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Mpes nscnegeanunsa nepmog (2018 -

During the study period (2018-

2020 r.) knumaTtudHuTe ycnosus ca bunm | 2020), the weather conditions were
OTHOCUTENHO OnaronpuaTHU 3a | relatively favorable for maize
passutneto Ha kyntypata. CpegHute | development. The average monthly air
MeCceYHn Temnepatypm npes | temperatures during the growing season
BeretauusaTa (anpun—centemspu) | (April-September) exceeded the long-

HagBvLWaBaT MHoOrorogullHaTta Hopma c
+0.1 po +4.7°C, ¢ u3KnNoYeHne Ha tonm
2018 r. (-0.2°C). Banexwute npe3
nepvoaa Bb3nu3at cpeaHo Ha 85.1 % ot
MHoOroroguiiHaTa HopMa, kato npes3 2018
r. ce Habrogaea BanexeH nepvop, (Hag
100 % Hag Hopmarta), nocrnegBaH oOT
ps3Ko 3acywasaHe npe3 asryct. [lpes

term mean by +0.1 to +4.7°C, except for
July 2018 (-0.2°C).

The total rainfall during the vegetation
period accounted for 85.1% of the long-
term average, with 2018 being notably
wetter (over 100% above the norm)
followed by a sharp drought in August. In
2019 and 2020, precipitation was below

2019 un 2020 r. konuyectBoTO Ha | the average — 76.3% and 73.2%,
BanexvTe e rnof Hopmata — CbOTBETHO | respectively — but its more even
763 % wn 732 %, HO TaxHoTO no- | distribution ensured adequate soil
paBHOMEPHO pasnpeaeneHne e | moisture during the critical growth stages

ocurypuno [nobpa BOAOOCUIYPEHOCT B

of maize.

KPUTUYHWUTE pasn OT pPasBUTMETO Ha
Luapesuuara.

Table 2. MeTeoponoruyHu nmnokKasaTenu npe3 BereTauMoOHHUs nepuoa Ha
uapeBuuUaTa, 3a nepuoga 2018-2020 r.

Table 2. Meteorological indicators during the vegetation period of maize, for the
period 2018-2020

Mepvon Ha BereTaums / Period of vegetation CpepHa /
[ Peri A
epvon / Period IV ‘ v ‘ Vi ’ VIl ‘ Vil ‘ IX v
CpenHomeceyHa Temnepatypa Ha Bb3gyxa / Average monthly of the air temperature, t °C
CpegHo 3a MIN / Average for MP 114 | 164 | 20.2 225 | 239 17.9 18.7
o +9C o1 M/ 2018 | +4.7 | +3.1 | +1.7 -0.2 +0.1 +1.1 +1.7
TKIOHEHME, * °C oT
Deviation,  °C from MP 2019 | +0.1 | +0.6 | +2.2 | +0.5 | +0.5 | +1.7 +0.9
2020 | +0.8 | +0.1 | +0.4 | +1.6 | +1.4 | +2.7 +1.2
MeceuHa cyma Ha BanexuTe / Monthly amount of precipitation, mm
Cpento saM/ Average forMP 1896 | 51 | 662 | 809 | 667 | 48.4 | 430 | 594
OTKNoHeHue oT MM / 2018 16.8 56.0 [130.3 |251.6 27.5 |153.0 105.9
Deviation, 2019 (109.6 |106.3 [159.6 50.5 | 21.7 10.2 76.3
% from MP 2020 | 26.6 |101.4 |155.7 1.6 | 424 |111.2 73.2
MHpekc Ha cyxoTta no de Martonne / The de Martonne aridity index - IDM
2018 1.4 3.9 8.9 13.6 1.0 7.3 6.0
2019 2.6 2.6 4.0 1.0 0.3 0.1 1.8
2020 | 0.6 25 4.1 0.0 0.6 1.6 1.6

MP (multiannual period), For a multi-year period, the period from 1896 to 2006 was
used as a climatic norm, as this period includes 10-day period with differences in
meteorological factors.

CrtonHocTn Ha wuHgekca (IDM), knumata ce knacudumumpa kato: IDM<10 — cyx;
10<IDM<24 — nonycyx; 24<IDM<30 — ymepeHo cyx; 30<IDM<35 — cnabo BnaxeH;
35<IDM=40 — ymepeHo BnaxeH 1 40<IDM<45 — BnaxeH.
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N3uncnenmaT nHaekc Ha cyxota no
de Martonne nokassa, ye
BEreTaUNoOHHUAT TMepuoad CcpegHo  3a
TpuTe roamHn e cyx (I = 6.0-1.6), kato
camo tonm 2018 r. e onpegeneH Karto
nonycyx (I = 13.6). 3acywaBaHusTa ca
OunM Han-u3paseHn npes anpus, nM u
aBrycT, CbY€TaHu C BUCOKM Temneparypu
M HMCKA BNaXHOCT Ha Bb3gyxa, KOETO

orpaHmn4un BriarocanacdaBaHeTo B
no4ysara.
OueHkaTta Ha BU3yalriHuTe

CYMMTOMW Ha yBpeXaaHe, NPUYNHEHN OT
xepouunagnte AgeHro 465 CK, Jlayauc
OO n Xemuunko 25 CK, npunoxeHu B
JosuTe, npeacrtaBeHn B Tabnuua 1, e
M3BbpLUEHA OKOMEPHO MO ckanaTta Ha
EWRS 3a gmtoTokcuyHocT. MNonyyeHuTe
pesynTtatu nokaseaT, 4e Ha 10-ua n 20-
ma pgeH cneg  TpeTupaHeTo  ca
HabnogaBaHn  BMAMMM  MPOsiIBA  HA
MTOTOKCMYHOCT (6an 2), nspassasawym ce
B JIeKO WM30CTaBaHe B pacTexa Ha
uapeBuyHnTe pacteHus. o 40-ua geH

cnen  TpeTWpaHeTo  pacTeHusita  ce
Bb3CTaHOBABAT HanmbJHO.
MopdonormyHuTe  XapakTepucTukm wu
obwmAT  xabutyc Ha  TpeTtupaHuTe

pacTeHns BbB pasza MbiiHaA 3pSANOCT He
ce pasnuyaBaT CbLLUECTBEHO OT Te3u Ha
KOHTponHus BapuaHT. CrteneHta Ha
PUTOTOKCUYHOCT e JOMbIHUTENHO
OLEHeHa 4pe3 aHanuM3a Ha gobuea u
HEroBuTe CTPYKTYPHU E€NIEMEHTM Mpu
uapesunyHa nuHna LRL101.
BbBexgaHeTo Ha xepbuumam ot
KnacoeeTe TPUKETOHM n
TpmasonnUpUMMUAanHCyrndgoHamman B
TEXHOMOIrMATa Ha  OTIMeXxaaHe  Ha
LapesuLaTa paswmpsiBa Bb3AMOXHOCTUTE
3a eqeKTUBHO noTUcKaHe Ha
€[0HOrOANLLHM U MHOFOroAULLHN NneBenm
OoT ceMm. Poaceae. ToBa ce ObmKM Ha
dakTa, 4ye Tesn xepbuumgn morat ga ce
npunarat npe3 BereTauuoHHUs nepuog

Ha «kynTypata. OT pAgpyra cTpaHa,
BbBeEXOAHETO n MHTEH3NBHOTO
npuoxeHne Ha xepouungm, oT

noco4yeHNUTe KracoBe, pgoBegoxa Ao

The de Martonne aridity index
indicated that, on average, the maize
vegetation period during 2018-2020 was
dry (I = 6.0-1.6), with only July 2018
classified as semi-arid (I = 13.6).
Droughts were most pronounced in April,
July, and August, accompanied by high
air temperatures and low humidity, which
limited soil water reserves.

The assessment of the visual
symptoms of damaging caused by the
herbicides Adengo 465 SC, Laudis OD
and Hemnyco 25 SC, applied at the
doses shown in Table 1, was conducted
by eye by the scale of EWRS for
phytotoxicity.

The received results show that on the
10" to 20" day after the treatment
noticeable signs of phytotoxicity (score 2)
are observed that express as minor
growth delay of maize plants. To the 40"
day of the treatment the plants recover
completely.

The morphological characteristics and the
common habitus of the treated plants in
full maturity phase do not significantly
differ from the ones of the control variant.
The degree of phytotoxicity is additionally
assessed by analysis of the yield and its
structural elements with maize line
LRL101.

The insertion of herbicides from the
classes triketones and triazolopyrimidine
sulfonamide to the growth technology of
the maize extends the abilities for
effective suppression of one-year and
multi-year weed from Poaceae family.

This is due to the fact that these
herbicides can be applied through the
vegetation period of the culture.

On the other hand, the insertion and the
intensive usage of herbicides from the
pointed classes led to increased
sensitivity on line LRL101. Stefanovic et
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noBvLlaBaHe Ha YyBCTBUTEMHOCTTA Ha
nnuna LRL101. Stefanovic et al. (2008)
YCTaHOBSABAT pasnunyns B yCTOMYMBOCTTA
KbM HUKOCYN(YpOH Mexay OTAerHU
WHOpeaHn nuHuUM K oTtbensisgat, ue
MeTabonnambT Ha xepbuumaa npoTuya
3HaAYMTENHO MO-6bP30 MpU YCTOMYMBUTE
B CpaBHEHME C YyBCTBUTEIHUTE JMHUU
Ha LapeBuua.

Pesyntatute oT apyru
n3cregBaHnsi NokaseaTt, Ye pas3fukiTe B
€eH3MMHaTa aKTMBHOCT BEPOATHO
npeacTaBnsaBaT OCHOBEH (hakTop 3a Mno-
ronsiMa TofNepaHTHOCT Ha XxMbpuanTe Kbm
HukocyndpypoH (Simi¢ et al., 2022; Simi¢
et al., 2025). TonepaHTHOCTTa KbM
TPUKETOHOBUTE 7
TprasonnupMmnaMHcyndoHaMmaHnTe
xepbuuman He BMHarM € npsika yHKUUNA
Ha pacTuTenHuss mMetabonmsbM, Kato U
apyrm  U3NONOrMYHN UM BUOXUMUYHU
daktopu mMorat ga [gonpuHacat  3a
HabnogaBaHaTa cenekTmBHocT (Brankov
et al, 2021). Pasmkute wMexay
TpeTvpaHnTe BapuaHTu ca onpegenexHv
ypes n3mepBaHe Ha pasnuyHn
napameTpu Ha pactex (Tabnuvua 3).

ObmkuHata Ha koyaHa (cm) e
BaXXeH MOPQOiorMyeH nokasarer, KOMTo
OKa3Ba CblLECTBEHO BNUAHUE BbPXY
Jobusa npwu LuapesuuaTa. C
yBENMYaBaHETO Ha Ab/hKMHaTa  Ha
KOJYaHa HapacTBa M OpoAT Ha 3bpHaTa B
Hero, KOeTo BOOW OO0 MNO-BUCOK [OOMB.
MonyyeHnTe gaHHM NokasBaT, Y€ BCUYKM
NpUIoXeHn TpeTupaHua 3a 0Oopba ¢
nneeBenuTe ca oOKasanu MOnoXuTeneH
edekT BbpXy TO3M nMokasarten. Han-
ronamMa ObJPKMHA Ha KoYaHa e oTyeTeHa
npv BapyaHTa ¢ AByKpaTHO npunaraHe Ha
ApeHro 465 CK, B cpaBHeHne C
ocTaHanute TpeTupaHus. To3n BapuaHT
e nocneasaH ot BapuaHTa ¢ Jlayanc Off
(15.46 cm), gokato Han-manka ObikvHa
Ha KoyaHa e HabnogaBaHa npu
KOHTPOIHUA BapmaHT (12.97 cm).

HaBpeMeHHOTO npunoxeHne Ha
xepbuungnte ocurypsiea  eeKTUBEH
KOHTPOI Ha nneeenHarta pacTUTENHOCT U
CbKpallaBa nepuvoda Ha KOHKYpeHUUs

al. (2008) identify differences in
nicosulfuron resistance between
individual inbred lines and note that

herbicide metabolism occurs significantly
faster in resistant lines than in sensitive
maize lines.

Results from other studies indicate
that differences in enzyme activity are
likely a major factor in the greater
tolerance of hybrids to nicosulfuron
(Simic et al., 2022; Simi¢ et al., 2025).

Tolerance to triketone and
triazolopyrimidine sulfonamide herbicides
is not always a direct function of plant
metabolism, as other physiological or
biochemical factors may contribute to the
observed selectivity (Brankov et al.,
2021).

The differences between the treated
variants were determined by measuring
various growth parameters (Table 3).

The length of the ear (cm) is an
important morphological indicator that
has a significant impact on maize yield.
As the length of the ear increases, the
number of grains does also increase in it,
which leads to a higher yield.

The data obtained show that all weed
control treatments had a positive effect
on this indicator. The longest ear length
was recorded in the variant with two
applications of Adengo 465 SC,
compared to the other treatments.

This variant was followed by the variant
with Laudis OD (15.46 cm), while the
shortest ear length was observed in the
control variant (12.97 cm).

Timely application of herbicides
ensures effective weed control and
shortens the period of competition
between weeds and crops.
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Mexay  nneeBenute M KyNTypHUTE
pacTeHus. ToBa nossosnsiea Ha
LapeBMYHNTE pacTeHns fa Hartpynsat
noseye  (POTOCUHTETUYHU  MUTMEHTH,
N3MOM3BaMkM  OMNTUMANHO  HanW4yHUTE
XpaHuTenHun BewecTtsa. lMonyyeHuTe no-
BMCOKM CTOMHOCTM Ha TO3M NokasaTen ca
cratuctTmyeckn 3Hadmmm npu a=0.001 3a
BapuaHTuTe ¢ AgeHro 465 CK u Jlayanc
O, kakto n npu a=0.05 3a BapuaHTa C
XemHuko 25 CK. Teau pesyntatu
CbOTBETCTBAT Ha [aHHUTE, NPEeACTaBEHU
ot Singh and Singh (2003) n Stefanovic
et al. (2004), koMTO CbBLIO yCTaHOBsiBAT
no-ronaMa [Ab/KMHA Ha KovaHa Mpu
TpeTMpaHnTe BapuvaHTM B CPaBHEHWEe C
KOHTPOIHUTE.

bpoaT Ha pegoBeTe B KOYaHa
BMMsie NPSKO BbPXYy HEroBOTO TEerno u
OKasBa MONMOXWUTENHO  Bb3dencreme
BbpPXY obLusa nobus. Cnopen
nonyyYyeHuTe pesynTatv, MakCUMAaSHUAT
Opoii penose B koyaHa (14.93) e oTyeTeH
npy BapuaHTMTE C ABYKPATHO npuraraHe
Ha ApeHro 465 CK n epgHokpaTHO Ha
XemHuko 25 CK, unnto ctomHoctuTe ca
CTaTUCTMYECKM paBHM C Te3nm Ha
koHTporata. OcTaHarmuTe  BapuaHTu
nokaseat no-mManbk 6pon pegooBe B
KOJYaHa, HO C MNO-BUCOKM CTOMHOCTU B

CpaBHEHME C KOHTPOJHUA BapnaHT
(14.06).

Ha6mo,qu|/|ﬂTa BbpXy TO3U
nokasarern NoTBbPXOaBar, ye

npvnaraHeTo Ha ePEeKTUBHU MPaKTUKN 3a
bopba c nneeenuTe gonpuHaca 3a
dopmupaHe Ha no-ronsim 6pon penose B
KOYaHa MU CbOTBETHO 3a MoBULLIABaHe Ha
pobmea. Tean pesyntatm ca B
CbOTBETCTBUE C AoknagBaHuTe oT Singh
et al. (1985) n Sulewska et al. (2006),
KOUTO cbobOliaBaTr, 4e xepouumaHoTO
TpeTypaHe Ha UapeBUYHUTE pacTeHusd
BOOW QOO0 yBenuyaBaHe Ha 6Opos Ha
pedoBeTe B KOYaHa.

Macara Ha eguMH KoYaH e BaXkeH
nokasaten, KOMTO WUMa CbLLECTBEHO
3HayeHue 3a onpegensaHe Ha gobuea npu
uapesunyata. MakcumanHata CTOMHOCT
Ha To3u nokasaten (26.30 g) e otyeTeHa

This allows corn plants to accumulate
more photosynthetic pigments, making
optimal use of available nutrients.

The higher values obtained for this
indicator are statistically significant at
a=0.001 for the variants with Adengo 465
SC and Laudis OD, as well as at a=0.05
for the variant with Hemniko 25 SC.

These results correspond to the data
presented by Singh and Singh (2003) and
Stefanovic et al. (2004), who also found
greater ear length in the treated variants
compared to the controls.

The number of rows in the ear

directly affects its weight and has a
positive effect on the overall vyield.
According to the results obtained, the
maximum number of rows in the ear
(14.93) was recorded in the variants with
two applications of Adengo 465 SC and
one application of Hemniko 25 SC,
whose values are statistically equal to
those of the control.
The other variants show a smaller
number of rows in the ear, but with higher
values compared to the control variant
(14.06).

Observations on this indicator

confirm that the application of effective
weed control practices contributes to the
formation of a greater number of rows in
the ear and, accordingly, to an increase
in yield.
These results are consistent with those
reported by Singh et al. (1985) and
Sulewska et al. (2006), who report that
herbicide treatment of maize plants leads
to an increase in the number of rows in
the ear.

The weight of an ear is an
important indicator that is essential for
determining the maize vyield. The
maximum value of this indicator (26.30 g)
was recorded in the variant with two
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npv BapuaHTa ¢ AByKpaTHO npunaraHe Ha
Jlayauc Of1, «kato pesyntateT e
crtatucTmyeckn 3Hadmm npu o = 0.001.
Mpun oCTaHanuTe BapuaHTun ca
HabntogaBaHM ONUM3KM CTOMHOCTU, KOUTO
obaye ca MO-BUCOKM OT Te3nm Ha
KOHTpOnHueA BapuaHTt (17.17 g), HO 6e3
cTaTUCTMYecKa 3HaYMMOCT.

MNogo6HK pesyntatu ca
noknagsaHm u ot Tahir et al. (2009) u
Mehmeti et al. (2012), kouTO
yCTaHOBABAaT, Y€ TPETUPaAHETO Ha
LapeBUYHNTE NMHUKM C Xepbuuuan Boau
[0 NoBMLIaBaHe Ha MacaTa Ha ko4aHa.

MokasatensaT Gpon 3bpHa B eauH
pen e BaxeH chakTop npy opMMpaHeTo
Ha pobuBa oT uapeBuua. [aHHuTE,
npeacraseHn B Tabnuua 3, nokaseart, ye
BCUYKM  MPUNOXEHW  xepbuumam ca
MOBMAMANW  MOMOXWTENHO BbPXYy TO3U
nokasarten.

Han-sucoka cpegHa  CTOMHOCT
(34.17) e otuyeTeHa npwu BapuaHTa C
OBOVHOTO NpunaraHe Ha BereTauuoHHUS
xepouung Jlayguc O[], kato pasnukata e
CTaTUCTMYECKM [OKasaHa NpW HMBO Ha
3Ha4ymMmocT a = 0.001. lMpn octaHanuTe
BapuaHTU CTOMHOCTMTE ca OnuM3ku [o
T€3NW Ha KOHTPOMHMS BapuvaHT U He
nokaseart CTaTUCTUYECKN 3Ha4YMMU
pasnuuunsi.

MoBnweHuAT Gpor 3bpHa B eauH
pen mMoxe Oa ce obsiCHM C Mo-HUckaTa
3anneBenieHoCT Ha MoceBa, KOeTo BOAM
00 no-gobpu ycrnoeusa 3a POTOCMHTE3A U
HaTpynBaHe Ha ouomaca,
BnaronpudaTcTBawm pacTexa "
pa3BMTMETO Ha pacTteHusaTa. [logo6Hu
pesyntatm cbobwasar Tanveer et al.
(1999), KOUTO yCTaHOBSABAT, ye
TpeTupaHnsaTa 3a KOHTPOI Ha nnesenute
3HauMTEeNnHoO yBenu4yaeBaT ©Oposi  Ha
3bpHaTa B €4uH pea.

Opyr nokasarten, xapakrepuaupaly
pobvBa oT uapeBuMUua, € MacaTa Ha
3bpHaTa B eOuH Ko4vaH. Hain-sucoka
CTOMHOCT Ha TOo3u nokasaten (147.17 g) e
OoTYyeTeHa NpuU BapuaHTa C OBYKPaTHOTO
npunaraHe Ha Jlayguc O[O, «kaTo
pasnuMkata e CTaTUCTUYECKM 3Hadnma

applications of Laudis OD, and the result
is statistically significant at a = 0.001.

The other variants showed similar values,
which were higher than those of the
control variant (17.17 g), but without
statistical significance.

Similar results have been reported
by Tahir et al. (2009) and Mehmeti et al.
(2012), who found that treating maize
lines with herbicides leads to an increase
in ear weight.

The indicator number of grains in a
row is an important factor in forming the
maize yield.

The presented data in Table 3 shows that
all herbicides applied had a positive effect
on this indicator.

The highest average value (34.17)
was recorded for the variant with double
application of the vegetative herbicide
Laudis OD, with the difference being
statistically proven at a significance level
of a = 0.001. In the other variants, the
values are close to those of the control
variant and do not show statistically
significant differences.

The increased number of grains
per row can be explained by the lower
weed infestation of the crop, which leads
to better conditions for photosynthesis
and biomass accumulation, favoring plant
growth and development.

Similar results are reported by Tanveer et
al. (1999), who found that weed control
treatments significantly increased the
number of grains per row.

Another indicator characterizing
maize vyield is the weight of the grains in
one ear. The highest value of this
indicator (147.17 g) was recorded in the
variant with two applications of Laudis
OD, with the difference being statistically
significant at a level of a = 0.001. For the
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npu HMBO Ha a = 0.001. MNpwn ocTtaHanuTe
BaApuaHTM MOryyeHuTe CTOWHOCTM ca
CBbNOCTaBMMU C AAHHUTE, OOKNagBaHU oT
Hussain et al. (1998) n Tanveer et al.
(1999). Tean aBTOpPYM CHLLO YCTaHOBABAT,
4ye MacaTa Ha 3bpHaTa B Ko4yaHa e no-
BUCOKa MpWU BapuaHTUTE C MpunaraHe Ha
XxepbuumMan B CpaBHEHWE C KOHTponara,

KOeTo  MoTBbpXdaBa  TeHAeHUuATa,
HabnogaBaHa B HaCTOSALLIOTO
n3crensaHe.

other variants, the values obtained are
comparable to the data reported by
Hussain et al. (1998) and Tanveer et al.
(1999).

These authors also found that the weight
of the grains in the ear was higher in the
variants  with  herbicide  application
compared to the control, which confirms
the trend observed in the present study.

Ta6bnuua 3 CTpPyKTypHM enleMeHTM Ha gobuBa Ha uapeBuMYHa nuHua LRL101,
TpetupaHa ¢ ApeHro 465CK, Jlayauc O u XemHuko 25CK, npunoxeHu
e[HOKpaTHO 1 ABYKpaTHO, cpeaHo 3a 2018-2020 r.

Table 3. Yield components of maize line LRL101 treated with Adengo 465SC,
Laudis OD, and Hemnyco 25SC, applied once and twice, average for 2018-2020

EodHokpamHo [sykpam+o
Nokasarenv / Indicators npunoxeHue/ /npunoxeHue / KoHTpona /
Single Double Control
application application
Aperro 465CK / Adengo 465SC
ObrknHa Ha kovaHa / Ear length, cm 14.33 n.s. 16.40 *** 12.97
Bpoii pepoBe B koyaHa / Number of rows 1473 ns. 14.93 ns. 14.06
per ear
(I;/Iaarcz Ha eauH kovaH / Weight of one 2137 nis. 2113 n.s. 17.17
Maca Ha sbprata B euH kovan /Weight |11 o5 o 142.93 nss. 111.57
of grains in one ear, g
bpoit 3pra B 1 pen / Number of grains 30.47 n.s. 31.76 n.s. 26.03
in 1 row
Jlayanc O[] / Laudis OD
ObknHa Ha kovaHa / Ear length, cm 14.03 n.s. 15.46 *** 12.97
Bpoii pegose B koyaHa / Number of rows 13.80 ns. 1433 ns. 14.06
per ear
('\a/laarcz Ha eavH kovaH / Weight of one 17.80 n.s. 26.30 *** 17.17
Maca Ha 3bpHaTa B e/INH KO4aH / Weight 119.54 n.s. 14717 %+ 111.57
of grains in one ear, g
_Epovl 3bpHa B 1 peq / Number of grains 27.40 n.s. 34,17 %k 26.03
in 1 row
XemHuko 25CK / Hemnyco 25SC
ObmkuHa Ha koyaHa / Ear length, cm 14.50 * 14.67* 12.97
Bpoii pegose B koyaHa / Number of rows 14.93 ns. 13.87 n.s. 14.06
per ear
QA;CZ Ha egmH koyaH / Weight of one 20.83 ns. 20.60 n.s. 1717
Maca Ha sbpHaTa B eauH koyaH / Weight
of grains in one ear, g 127.80 n.s. 126.50 n.s. 111.57
Epow 3bpHa B 1 pea / Number of grains 2707 ns. 2017 ns. 26.03
in 1 row

NereHpa: JocmosepHocm Ha pasnukume: pu a = 0.05 (*); a = 0.01 (**) u a = 0.001 (***), n.s. — HAMa

dokazaHocm

Legend: Statistical significance of differences: p < 0.05 (*); p < 0.01 (**); p < 0.001 (***); n.s. — not significant.
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BnaronpuatHuTe KMUMaTUYHM
YCIOBUSI Mpe3 MpOneTHO-NIETHUA Nepuos
ca OCHOBeH (haKkTop, KOMTO CTUMynupa
WHTEH3WBHOTO pa3BUTWE Ha nrneBenHaTa

pacTUTENHoCT.
CpegHo 3a nepuoaa Ha
nacrnenBaHeTo (2018-2020 r.)

TpeTupaHeTo Ha pacTeHusiTa OT JMHUA
LRL101 ¢ xepbuunaute AgeHro 465 CKun
XemHuko 25 CK (npunoxeHn egHOKpaTHO

W [OBYKpaTHO) oOKa3Ba MOJSIOKMTESTHO
Bb3[ENCTBME BbpXy NMbTHOCTTa Ha
pacTeHusitTa M gobuBa OT  3bpPHO

(Tabnmua 4). B cpaBHEHME C KOHTPOMHMWS
BapMaHT Cca OTYETEHN CTaATUCTUYECKM
3HAYMMM  pasnuuMss B Mon3a  Ha
TpeTupaHnuTe  BapuaHTW. Haim-sucok
pobns — 5690 kg ha™ — e nonyyeH npwu
OBOMHOTO MpUNoXeHne Ha XeMHuko 25
CK, cnegBaH oT BapuaHTa C €QHOKpaTHO
npunoxeHne Ha Agexro 465 CK (5360 kg
ha™). YBenuyeHveTo crnpsimo
KOHTporaTta e cboTBeTHO 24% 1 17%.

lMNpn ocTaHanuTe BapuaHTM ca
OTYETEHU CTOMHOCTM NPUBIM3UTENHO C
13% no-BMCOKM OT TE3M Ha KOHTponarta,
HO PpasNMKMTE HEe ca CTaTUCTMYECKM
JokasaHu.

MoBuweHuAT gobuB MOXe Oa ce

006sCHN C no-HucKata cteneH Ha
3anneBerndaBaHe, KOeTo HamMmarlngdBa
KOHKYpeHUundATa Mexny KYyNTYypHUTE
pacteHna w1 nneesenute 3a Bnara,
CBET/IIMHA WU XpaHUTENHM BellecTBa.

Mopo6Ha 3aBMCMMOCT € yCcTaHoBEHa U OT
Toloraya et al. (2001) n Stefanovic et al.
(2004), KOUTO cbobLiaBaT 3a
noBulaBaHe Ha Jo6MBa OT 3bPHO MpU
eeKTMBEH KOHTPON Ha nreBenHara
pacTMTENHOCT 4pe3 W3Mom3BaHe Ha
pasnnYHN xepbuunam n arpoTEXHNYECKM
NPaKTUKK.

The favorable climatic conditions
during the spring and summer are a
major factor stimulating the intensive
development of weed vegetation.

On average for the study period
(2018-2020), treating plants from line
LRL101 with the herbicides Adengo 465
SC and Hemniko 25 SC (applied once
and twice) had a positive effect on plant
density and grain yield (Table 4).

Compared to the control variant,
statistically significant differences were
reported in favor of the treated variants.
The highest yield — 5690 kg ha™ — was
obtained with the double application of
Hemniko 25 SC, followed by the variant
with a single application of Adengo 465
SC (5360 kg ha™). The increase
compared to the control is 24% and 17%,
respectively.

The other variants showed values
approximately 13% higher than those of
the control, but the differences were not
statistically significant.

The increased yield can be
explained by the lower degree of weed
infestation, which reduces competition
between crops and weeds for moisture,
light, and nutrients.

A similar relationship was also found by
Toloraya et al. (2001) and Stefanovic et
al. (2004), who reported an increase in
grain vyield with effective weed control
using various herbicides and agronomic
practices.
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Ta6nuua 4. [lo6UB 3LPHO OT LapeBuyHa nuHma LRL101 (kg ha), no roavHu u

cpegHo 3a nepuopa 2018 — 2020 r.

Table 4. Grain yield of maize line LRL101 (kg ha™") by year and average for the

period 2018-2020

n - T
BapuanT / Variant [o6wus 3bpHo / Grain yield, kg ha
2018 | 2019 | 2020 |  CpeaHo
EpHokpaTtHo npunoxenu / Single application
KoHntpona / Control 5530 ab 2550 ab 4660 a 4580 a
ApeHro 465CK / Adengo
465SC 7890 b 2680 a 5510 a 5360 a
Nayauc Of / Laudis OD 5380 ab 3420 ab 6390 a 5060 a
Xemnuko 25CK / Hemnyco
5610 ab 4050 ab 5270 a 4930 a
25SC
[BykpaTHo npunoxenu / Double application
Kontpona / Control 5530 ab 2550 ab 4660 a 4580 a
Apenro 465CK / Adengo
465SC 5110 a 3810 ab 5180 a 4700 a
JNlayanc Of, / Laudis OD 6170 ab 3710 ab 5210 a 5030 a
Xemnuko 25CK / Hemnyco
255C 5870 ab 5300 b 5880 a 5690 a

CpenHMTe CTOMNHOCTW C efjHa 1 Cblua 6yKBa He Ce pasnnyaBaTt CTaTUCTUYECKM eHa OT Apyra cnopeq TecTta

Ha dbHkaH, npu P < 0.05.

Mean values with the same letter are not statistically different from each other according to Duncan's test, at

P <0.05.

OT npoBsemenusa aBydakTopeH
OVUCMEepPCUOHEH aHanus, uUensaw, fJa
ornpefenn CcTeneHTa Ha BAMsiHUE Ha
nscnenBaHuTe (OakTopu, € YCTaHOBEHO,
ye Kakto roguHata (Y), Taka u
npunoxeHmeTo Ha xepbuungute (B)
OKasBaT BnUsIHAE BbpPXy nJobuea oT
3bPHO — cbOTBETHO 125.723% 1 0.703%.
[Mo-cmnHo n3paseHo € Bb3OEeNCTBNETO Ha
dakTopa rogmHa (Y), YNATO 3HAYMMOCT €
[okasaHa npu HuBo Ha a=0.001, gokaTto
dakTopbT Xepbuunan (B) uma no-cnabo,
HO CTaTUCTMYECKN OOCTOBEPHO BNUSHUE
npu HMBO Ha a=0.05.

Tesn pesyntatm nokaseaT, u4e
KnMMaTuyHuTe yCnoBus npes
pasnuMyHNTE FOAUHM ca peluasaly, akTop
3a ¢opmmpaHeTo Ha OobuBa OT 3bPHO,
Jokato edqekTbT OT npunaraHeTo Ha
xepbuumnam e no-cnabo nspaseH, Makap u
cTaTucTnyeckn 3aHadum (Tabnuua 5).

The two-factor analysis of
variance, aimed at determining the
degree of influence of the factors studied,
found that both the year (Y) and the
application of herbicides (B) have an
impact on grain yield — 125.723% and
0.703%, respectively.

The impact of the year factor (Y) is more
pronounced, with significance proven at a
level of a=0.001, while the herbicide
factor (B) has a weaker but statistically
significant impact at a level of a=0.05.

These results show that climatic
conditions in different years are a
decisive factor in grain yield formation,
while the effect of herbicide application is
less pronounced, although statistically
significant (Table 5).
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Tabnuua 5. Pesyntatu oT ABydakTOpeH AUCNEPCUOHEH aHanu3 3a cunarta Ha
BnusHue (%) Ha nscneaBaHuTe pakTopy BLPXY NpoyyYBaHUTE NpU3HaLMU

Table 5. Analysis of two-factors results for the influence strength (%) of the
studied factors on the investigated traits

U3TouHMK Ha Bapuauus / DOo6us / Yield DokasaHocT / Evidence
Source of variation
lopuHa / Year (Y) 125.723 oex
Xepbuumnaw / Herbicides (B) 0.703 *
Year x XHerbicides (YxB) 0.888 n.s.
Error 6.173 -

3Hvaunmu npu: a=0.01 (***); a=0.1 (**); a=0.5 (*) and n.s. — HAMa JoKa3aHOCT
Significant at: a=0.01 (***); a=0.1 (**); a=0.5 (*) and n.s. — no evidence

n3sogu

LlapeBuyHata nuHuMa  LRL101
nposieaBa [Aobpa TOMNepaHTHOCT KbM
NPUNOXeHNTE BereTauMoHHM Xepbuuman
ApeHro 465 CK, Nayguc O[1 n XemHuko
25 CK. HabniopaBaHute cumnTOMU Ha
MTOTOKCMYHOCT (OLeHeHn ¢ Ban 2 no
ckanata Ha EWRS) ca cnabo nspasexu u
NpexogHu, KaTo  pacTeHusATa  ce
Bb3CTaHOBABAT HambfHO A0 40-us geH
cnep, TpeTUpPaHeTo.

MpunoxeHute  xepbuumam  He
OKasBaT TpaWHO HeratTMBHO BIUsIHWE
BbpXy MOPEOIOrMYHNTE XapaKTePUCTUKM
n obwmst xabuTyc Ha pacTeHusiTa BbB
rasa nbrHa 3psNOoCT, KoeTo
noTebpXgaBa TsAxHaTa CEenekTUBHOCT
KbM nnHmaTa LRL101.

CTpyKkTypHUTE €rleMeHTH Ha
nobvBa (Ob/pkMHA Ha KodaHa, Opown
pefoBe, mMaca Ha ko4daHa, maca n bpon
3bpHa) Ce MOBMMABAT MOMIOXKUTENHO OT
npunaraHeTo Ha xepbuumanTte, ocobeHo
npv OBYyKpaTHW TpeTupaHus. Han-Bncoku
CTOMHOCTM MO Te3u nokasatenu ca
OTYeTEeHU Npu BapuaHTuTe ¢ AgeHro 465
CK wn Jlayguc O[, kato edekTbT €
cTatucTnyeckn 3Haumm (a < 0.001).

HobuebT oT 3bPHO npu
TpeTupaHnTe  BapuaHTU  MNpeBuLLaBa
KOHTpOfHaTa CTOWHOCT, KaTO HaW-BUCOK
pesyntat (5690 kg ha™) e otueteH npu
OBOVHOTO MpuUnoXxeHne Ha XeMHUKO 25
CK. Toea npeacraBnsiBa yBenuyeHue C
24% cnpsiMo KOHTponara.

KnumatnyHnte ycnosus no roamHu

CONCLUSIONS

The maize line LRL101 exhibited
good tolerance to the applied vegetation
herbicides Adengo 465 SC, Laudis OD,
and Hemnyco 25 SC.

The observed phytotoxicity symptoms
(rated as score 2 on the EWRS scale)
were mild and transient, with plants fully
recovering by the 40th day after
treatment.

The applied herbicides did not
exert any lasting negative effects on the
morphological characteristics or the
overall habitus of plants at full maturity,
confirming their selectivity towards maize
line LRL101.

Yield components such as ear
length, number of rows per ear, ear
weight, grain weight per ear, and number
of grains per row were positively affected
by herbicide application, particularly
under double treatments. The highest
values were recorded in the Adengo 465
SC and Laudis OD variants, with
statistically significant differences at (a <
0.001).

Grain vyield in treated variants
exceeded that of the control, with the
highest yield (5690 kg ha™') obtained
under double application of Hemnyco 25
SC, representing an increase of 24%
compared to the control.

Climatic conditions across years
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OKa3BaT AOMMHMpALLO BINUSHUE BbPXY
pobuea, Jokarto edeKkTbT oT
xepbuungHnTe TpeTupaHus e no-crnabo
n3paseH, HO CTaTUCTUYECKM OOCTOBEPEH.
ToBa nogyepTaBa HeobxoAMMOCTTa OT
cbobpa3ssaBaHe Ha xepbuungHaTta
cTpaTerus c KOHKpPETHUTE
arpoKnMMMaTUYHKN YCIoBMSI.

Bb3 ocHoBa Ha pesyntatuTte Moxe
Ja ce 3aKnoyu, 4Ye BKOYBAHETO Ha
Xepouuman oT KrnacoBeTe TPUKETOHU WU
TPUa3oNMUPUMUANHCYNPOHAMMAN B
TEXHONorMATa Ha  OTIMexgaHe  Ha
LapeBuLaTa € eekTUBEH U CENEKTUBEH

noaxon 3a yrnpasneHune Ha
3anneBensiBaHETO, KOWTO He Hapyllasa
dumsnonormyHarta YCTONYMBOCT "

OOOMBHMA MOTEHUMAn Ha 4yBCTBUTENHU
nnHun kato LRL101.

WHTerpupanmnat nogxon 3a 6opba
C NneBennTe, CbyeTaBall, XUMWUYHWU,
arpoTEXHUYECKU n €KONOrNYHO
YCTOAUYMBU MNPaKTUKW, € KI4YOoB 3a
MocTuraHe Ha BUCOKA W cTabunHa
NPOAYKTUBHOCT, KaKTO U 3a ona3BaHe Ha
arpoeKkoCUCTEMHOTO  paBHOBECUE  TMpU
oTrneXxaaHeTo Ha Lapesuua.
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