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PE3OME

W3cnepsaHeTo e npoBefeHOo npes
nepuoga 2017-2018 r. B WHcTuTyT no
doypaxHuTe KynTypu - MNneBeH. YctaHoBe-
Ha e npexussemMocTTa U Bb3NpPOU3BOAU-
TesiHaTa cnocobHocT Ha Sorghum vulgare
var. technicum [K&rn.] TexHu4ecko copro
(veTna) cnep TpeTupaHe C LWeCT Xepbuuu-
Ja 3a JIMCTHO npuioxeHuwe. BykTpun
yHuBepcan (80 g/l 24 O + 280 gl
6pomokcuHun) — 80 ml/da, BuatnoH 4D
(54 gl/kg dnopacynam + 714 g/kg
TpupocyndgypoH) — 4 g/da + [ew - 40
ml/da; Cekatop O/J (100 g/l amupo-
cyndypoH + 25 g/l nogocyndypoH-meTusi-
HaTpuin + 250 g/l medpeHnup-gretTnn) — 10
ml/da; Nayguc Of, (44 g/l Tem6OTpUOH +
22 g/l n3okcagudeH-etu) — 200 ml/da,
MepnnH ®nekc 480 CK (240 g/l n3sokca-
dnyton + 240 g/l umnpocyndamug) — 42
ml/da n Macuduka Bl + Buonaysp (30
g/kg mesocyndypoH + 10 g/kg iopocyn-
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SUMMARY

The study was conducted during
the 2017-2018 period at the Institute of
Forage Crops - Pleven. The survival and
reproductive capacity of Sorghum vulgare
var. technicum [Kérn.] (broomcorn) was
established after treatment with six
herbicides for foliar application.

Buctril universal (80 g/l 2,4 D + 280 g/l
bromoxynil) — 80 ml/da; Biathlon 4D (54
g/kg florasulam + 714 g/kg tritosulfuron) —
4 g/da + Dash + 40 ml/da; Sekator OD
(100 g/l amidosulfuron + 25 g/l
iodosulfuron-methyl-sodium + 250 g/l
mefenpyr-diethyl) — 10 ml/da; Laudis OD
(44 g/l tembotrione + 22 g/l isoxadifen-
ethyl) — 200 ml/da; Merlin Flexx 480 SC
(240 g/l isoxaflutole + 240 g/l
cyprotsulfamide) — 42 ml/da and Pacifica
WG + Biopower (30 g/kg mesosulfuron +
10 g/kg iodosulfuron + 90 g/kg mefampir-
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dypoH + 90 g/kg mechemnup-gueTusn) —
35+70 ml/da.

MpunaraHeTo Ha XxepouuManM CbC
CUCTEMHO [JelicTBMe Npu TEXHUYECKOTO
copro (metna) (Sorghum vulgare var.
technicum Korn.) BykTpun yHuBepcan —
80 ml/da, buatnoH 4D — 4 g/da + Jew —
40 ml/da un Cekatop O[] — 10 ml/da ca c
BMCOKA CEeJIeKTUBHOCT KbM Kyntypata
(6an 1), pokato MepnuH dnekc 480 CK — 42
ml/da n Macndmka Bl n Bruonaybp — 35 +
70 ml/da npegm3BMkBaT YMEPEHO-CUMEH
goutoToKcuueH edoekT (oT 3.0 o 5.5 6ana).

YcTaHOBEHU ca reHOTUMNHU pas/iu-
4yns NO OTHOLUEHME CeJIeKTMBHOCTTAa Ha
xepouungute MepnvH ®nekc 480 CK —
42 mi/da n Nacudmka BI' n buonaysp —
35+70 ml/da. Haii-cnab ¢uUTOTOKCKMYEH
edekT e ycTaHOBEeH Mpu MecTHaTa nony-
nauyna MIL6N B cpaBHeHMe CbC COpT
Szegedi 1023 1 mecTHa nonynaunsi GL15A.

Hail-Bucoka TONEPaAHTHOCT  KbM
NpUIoXeHNTe xXepobuuunamn (c N3KIYeHne
npu opmupaHe Ha obusa OT ceMeHa)
Ce ycTaHOBfIBa NpW MeCTHUTe nonynauum
GL15A n MI16N un wmoraT pga 6bgar
N3MoN3BaHN, Kato KOMNOHEHTN B 6baeLum
CeNIeKUMOHHN Nporpamu, a Hai-Hucka npu
copt Szegedi 1023.

YcTaHOBEHM ca Hali-BUCOKN Koedin-
LMEeHTW B CKOpPOCTTA Ha €eCTecTBeHOTO
yBenuyeHune (r;) 1 npu penpoayKkTUBHOCT-
Ta Ha npoyuyBaHuTe ob6pasum (T.), T.e.
Hali-BMcoKaTa TO/IepaHTHOCT KbM npwua-
raHuTe xepbébuumaum e ycTtaHoBeHa npwu
MecTHuTe nonynauun GL15A n MI16N u
Morat ga 6b4art U3nosi3BaHu Kato KOMMo-
HEeHTU B ObaeLlmTe cenekunoHHU nporpa-
MM, a Hai-HMCKK nNpu copT Szegedi 1023.

YcTaHOBEHA € eKBUBA/IEHTHOCT MEX-
[y cenekTMBHOCTTa Ha xepbuumgute oTye-
TeHa uype3 Koe(uUMEeHTBLT Ha CKOpoCTTa Ha
Bb3Mnpon3soacTeo (R) n ecTecTBEHOTO yBe-
NMyaBaHe Ha MonyjaunoHHaTa MIbTHOCT
(r;), K&KTO 1 MO OTHOLLEHME Ha PenpPoayKTUB-
HocTTa (T.) Ha npoy4yBaHWTE 06pasun Tex-
Huyecko copro (metna) (Sorghum vulgare
var. technicum Kérn.).

KnouoBM AymMn: TEXHUUECKO COpro
(MeTna), NpexmBsaemMocT, Bb3CTaHOBUTE/THA
cnoco6bHocT

diethyl) — 35+70 ml/da.

Application of herbicides with
system activity to the broomcorn
(Sorghum vulgare var. technicum Kaorn.)
Buctril universal — 80 ml/da, Biathlon 4D —
4 g/da + Dash — 40 ml/da and Sekator OD —
10 mi/da are highly selective (score 1.0),
while Merlin Flexx 480 SC — 42 ml/da and
Pacifica WG + Biopower — 35 + 70 ml/da
produce a moderate-potent phytotoxicity
effect (from 3.0 to 5.5 score).

Genotypic differences have been
identified with respect to the selectivity of
Merlin Flexx 480 SC - 42 ml/da and
Pacifica WG + Biopower — 35 + 70 ml/da.
The weakest phytotoxic effect was found
in the local population MI16N compared to
the variety Szegedi 1023 and the local
popolation GL15A.

Highest tolerance to applied
herbicides (exception on seed formation)
is found in the local populations GL15A
and MI16N and can be wused as
components in future selection programs,
and the lowest in the Szegedi 1023
variety.

The highest coefficients were found
in the rate of natural increase (r,) and in
the reproducibility of the accessions under
study (T.), i.e. the highest tolerance to
applied herbicides was found in local
populations GL15A and MI16N and could
be used as components in future breeding
programs, and the lowest in the Szegedi
1023 variety.

Equivalence has been established
between the selectivity of herbicides as
measured by the reproduction speed (R)
and Speed of natural increase of

broomcorn (r,) as well as reproducibility

(T): of test accessions broomcorn
(Sorghum vulgare var. technicum Kérn.).

Key words: broomcorn, herbicides,
survival ability, restoration ability
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TexHunyeckoto  copro  (MeTna)
(Sorghum vulgare var. technicum Koérn.)
npuTexasa BWCOK MNPOAYKTUBEH TMOTEH-
uuas, MHOrocTpaHHO npwuaoxeHue (dy-
pax 3a XXUBOTHWUTE, CYpOBMHA 3a MPOMMULL-
NIeHOCTTa, MPOU3BOACTBOTO Ha Guoropmnea
MU Ap.) 1 MMa LUMPOKOOOGXBATHOTO WMKOHO-
MUWYECKO, COLMANIHO U E€KOJSIOTMYHO 3HaYe-
Hue (Latifi and Jamshidi, 2011; Serna-
Saldivar et al., 2012; Cifuentes et al.,
2014; Jose and Bhaskar, 2015).

bnarogapeHne Ha BuUcokara cu
€KO/I0rMYyHa MIacTUYHOCT W MOBULLEHA
YCTOMYMBOCT KbM HEOGMaronpusitHn abmo-
TUYHU  dpakTopKn, onpegenar Sorghum
vulgare var. technicum [Kérn.] kato nep-
CMEeKTMBHA KynTypa 3a BK/1l0YBAHE B CEUT-
60006palleHns, B ycnoBus Ha rnobasHo
3aTonnsHe M 3acywasaHe (Berenji and
Dahlberg, 2004; Angelovaet al., 2011;
Stefaniak et al., 2012).

EcmkacTHOTO  yHMLIOXaBaHe Ha
nJeBennTe € OCHOBHO 3BEHO OT arpo-
TEXHUKaTa Ha OTI/IeXAHe Ha TexHu4ec-
KOTO copro (MeTna), nopaay 61MosI0rMyYHO
3a/10KEHOTO 3abaBsHe NPV NOKb/IBAHE Ha
cemeHaTta u 6aBHMSA TeMN Ha HapacTBaHe
B Havya/lHATE eTanu OT pPas3BUTUETO MY
(Lyubenov, 1989; Smith and Scott, 2010;
Latifi and Jamshidi, 2011; Fromme et al.,
2012; Silva et al., 2014).

Cnopeps 0606LLeHNTE NPOYyYBaHWUS
Ha Dimitrova and Tsukov (1996) Bugo-
BeTe OT pof Sorghum ca 4yBCTBUTENHU
Ha 3anneBensiBaHe C KbCHU MNPOJIETHU Y
MHOFOTOQMULIHN MNAIEBENIN B HavasHUTE
eTanM OT pas3BuTMETO cu. JIH6eHOB,
(1989) yctaHoBSBa, Ye npu NILTHOCT OT 1
6p/m® Sinapis arvense L., Echinochloa
crus-galli (L.) P. Beauv. nunn Amaranthus
retrofleksus  (L.) peayumpatr pobusa,
KOETO Hanara wusBexgaHe Ha 6opba
cpeLuy TsX.

Bopbata cpewy nnesenute npu
Sorghum vulgare var. technicum [Koérn.]
MOXe [a ce U3BbpLW, Ype3 U3nonssaHe
Ha XMMWYEH METOJ, BbMNPEKU, Ye BUAOBE-
Te oT pof Sorghum ca ¢ ycTaHOBeHa
YyBCTBUTE/IHOCT KbM Xepouunan, KosTo

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 (Latifi and
Jamshidi, 2011; Serna-Saldivar et al,
2012; Jose and Bhaskar, 2015).

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 (Berenji and Dahlberg, 2004;
Angelovaet al., 2011; Stefaniak et al.,
2012).

Weed control efficiency is a major
of the main stages destruction is one of
the main units of agro-cultivation of
Sorghum species, due to the biologically
delayed seed germination and the slow
growth rate in the initial growth stage and
development (Lyubenov, 1989; Smith and
Scott, 2010; Latifi and Jamshidi, 2011,
Fromme et al., 2012; Silva et al., 2014).

According to the summarized
studies of Dimitrova and Tsukov (1996)
Sorghum species are sensitive for weed
encroach with late spring and perreneal
weeds in early stages of early stages and
development. Lyubenov, (1989) found
that at a density of 1 number m® of
Sinapis arvense L., Echinochloa crus-galli
(L.) P. Beauv. or Amaranthus retrofleksus
L. reduce the yield that is required by
weed control them.

Weed control at the Sorghum
vulgare var. technicum [K&rn.] can be
carried out using the chemical method,
although Sorghum species had an
established susceptibility to herbicides,
which are determined by a number of
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ce onpegens OT MHOXeCTBO (hakTopu —
6MONOrNYHK, MOPONOrMYHN  (CTPYKTYP-
HK) 0COGEHOCTU M copToBaTa crneuuduka
n gp. (Mavi et al., 2010; Latifi and
Jamshidi, 2011; Jinying et al., 2013).

3a npeoposisiBaHe Ha BuUcOKaTa
YyBCTBUTENHOCT Ha BWAOBETE OT poj
Sorghum 1 no crneyuanHo Npy coproTo 3a
3bPHO KbM Xepbuuman ¢ rpamvHuunaeH
echekT (cpelLy eaHOroAMLLIHN XWUTHM B T.
4. 6anyp oT ceme) e BHeApeH xepbuuna-
Hua aHTugot KoHuent Il (donykcochbeHunn)
Smith and Scott (2010), pokato npwu
Sorghum vulgare var. technicum [Koérn.]
TakMBa MpoyyBaHMs B  AOCTbMHaTa
nvTepartypa nincear.

CnopaguyHu ca W npoy4YyBaHusaTa
BbPXY Bb3TaHOBMUTENHATA CMNOCOBHOCT Ha
BMAoOBeTEe OT pof Sorghum, HO Te3n us-
cnefBaHMa ca HacoyeHu KbM Hebnaro-
NpuATHUTE abruoThyHM hakTopu Ha cpe-
pata (Ercoli et al., 1996; Promkhambut et
al.,, 2011). KpaiHO orpaHuM4yeHu ca Cbo06-
LLleHVATa 1 3a Bb3TaHOBUTE/IHATA UM Cro-
COBGHOCT cnep, NpUAOXeEHNE Ha Xepouum-
an (Al-Khatib et al., 2003; Abita and Al-
Khatibb, 2013).

Llenta Ha n3cnegBaHeTo e ga ce
YCTaHOBW MPEeXMBAEeMOCTTa U Bb3Npous-
BOAUTENHaTa CnocobHOCT Ha 06pasuu
TexHuyecko copro (metna) [Sorghum
vulgare var. technicum (Kérn.)] cnepg, Tpe-
TUpaHe ¢ xepbuuman 3a ANCTHO NPUIoXe-
H/Ye 1 ycTaHOBsIBaHe Ha TakuBa C xepbwu-
unaHa TONepaHTHOCT, KaTO KOMMOHEHTU B
6bAeLLmn cenekuMoHHN NporpamMu.

MATEPWNAN N METO4WA

MpoyyBaHeTo e npoBeAeHO npes3
nepuoga 2017-2018 roa. B VIHCTUTYT Mo
dhypaxHuTe Kkyntypu - [neBeH, C Tpu
obpas3un TexHuyecko copro (meTna)
[Sorghum vulgare var. technicum (Kdrn.)]
(eanH copT Szegedi 1023 c npousxon
YHrapusa un [Be MeCTHW nonynauuu
GL15A u MI16N oT paitoHa Ha Llen-
TpasiHa CeBepHa bbarapus), nepcnexkTms-
HY B CE/IEKLMOHHO HanpaBsneHue.

OT HanpaBeHWTe mnpeaBapuTesiHU
npoy4BaHuss B VIHCTUTYT no doypaxHuTe

factors - biological, morphological
(structural) peculiarities and the variety
specificity and others (Mavi et al., 2010;
Latifi and Jamshidi, 2011; Jinying et al.,
2013).

To overcome the sensitivity on
Sorghum species more specificly grain
sorghum with a herbicides an graminicide
effect (against annual cereals such as
seed from Johnsongrass), the herbicide
antidot Concept Il (fluoxophenyl) Smith
and Scott (2010) was introduced, while in
Sorghum vulgare var. technicum [Kérn.]
such studies in accessible literature are
missing.

The investigations on restoration
ability of Sorghum species are sporadic,

but those studies were directed to
unfavourable abiotic factors of
environment (Ercoli et al, 1996;

Promkhambut et al., 2011). The reports
on restoration ability of Sorghum species
are extremely limited after treatment with
herbicides (Al-Khatib et al., 2003 Abita
and Al-Khatibb, 2013)

The objective of the study was to
determine survival and reproductive ability
of accessions broomcorn [Sorghum
vulgare var. technicum (Kérn.)] after
treatment with the post emergence
herbicide for foliar application and
identifying those with herbicide tolerance
as components in future selection
programs.

MATERIAL AND METHODS
The study was carried out during
the 2017-2018 period in the Institute of

Forage Crops - Pleven, with three
accessions of broomcorn (Sorghum
vulgare var. technicum (Kérn.)] (one

variety Szegedi 1023 originating in
Hungary and two local populations GL15A
and MI16N from the region of Central
Northern Bulgaria), promising in the field
of selection.

From the
conducted at the

preliminary  studies
Institute of Fodder
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KynTypu copT Szegedi 1023 ce oTnyasa
C BMUCOKa knaca“ v AOGMBHOCT Ha MeT-
nmuute. MecTHaTta nonynauusa MI16N e
BMCOKOAOOMBHA, MNOAXOAAWAa 3a Mpous-
BOACTBO Ha oypax (ot 2093.1 go 2962.7
kg/da cyxa buomaca oT egmHuULA NaoLl) ¢
BMCOYMHA Ha pacTeHusATa Hag 2.5 m, ¢
OTHOCUTE/IHO BMCOKO CbAbpXaHue Ha BO-
JopasTtsopumu 3axapu — ot 9.0 go 12.0%
B HaA3emHaTa 6uomaca) n ycrtoiumsa Ha
nonsaraHe. GL15A e nogxogsuy 3a KOM6-
HYpaHO U3non3BaHe 3a NPOW3BOACTBO Ha
dypax (o1 1513.4 go 2019.0 kg/da cyxa
6umomaca oT eauHuua naow) u dopmmpa
MeT/IUM C BUCOKa ,knaca“.

OnnTBLT € 3a/10KeH No 6/10KoBUSA
MeTof, B TPV NOBTOPEHUS C rosiemmnHa Ha
pekoNTHaTa napuenka 5 m> npu Henoave-
HA YyCNnoBuS BbPXYy C€nabo wu3nyxeH
yepHo3eM K rbcToTa Ha nocesa 26 000
pacTeHusi/da. BHacsHeTO Ha xepbuunau-
Te bykTpun yHusepcan (80 g/l 2,4 [, + 280
g/l 6pomokcuHnn) — 80 ml/da, BuatnoH
4D (54 g/kg cbnopacynam + 714 g/kg Tpu-
pocyndypoH) — 4 g/da + dew — 40 ml/da;
CekaTtop O/[ (100 g/l ammnpgocyndypoH +
25 g/l liogocyndhypoH-MeTUn-HaTpuin  +
250 g/l medeHnup-guetun) — 10 mi/da;
Nayguc Of (44 g/l Tem6oTpmoH + 22 g/l
nsokcagudpeH-etnn) — 200 mil/da, MepnuH
®nekc 480 CK (240 g/l nsokcacpnyron +
240 g/l uymnpocyndamng) — 42 ml/da n
Macucouka BI + Buonaybvp (30 g/kg
me3ocyndypoH + 10 g/kg riogocyndpypoH +
90 g/kg wmedemnup-gmuetun) — 35+70
ml/da e n3BbpweHo ¢ 40 l/da paboTeH
pa3TBoOp C rpbbHa npbckayka'ptp 18" ¢
KOHycoBuAHa pAto3a, HansaraHe P max 3
bar, V max 1.64 | 1 Q max 0.64 I/min BbB
paza BTOpU-yeTBLPTM nuct (BBCH
12 - 14) Ha TexHM4YecKOoTOo copro (meTna).

XepouumaHute hopMynnpoBKu, 13-
non3BaHW B NPOYYBaAHETO ca PerucTpu-
paHn 3a 6o0pba cpelly gsycemenenHu
(byktpun yHuBepcan, buatnoH 4D +
Jew) v c KOMNAEKCHO AelicTBme cpeLly
€HOTOVLLIHN 1 [BYyCEMeLEeNHW MneBenm
(MepnuH ®nekc 480 CK, Nayguc O wn
Macucouka B+ Bronaywp) B Bbarapus
npu OTrAeXAaHUTe 3bPHEHWU KyATypu, HO

Cultures variety Szegedi 1023 stands out
with a high yield and "class" of the broom.
The local population MI16N is high
yielding, suitable for production of forage
(from 2093.1 to 2962.7 dry biomass of a
unit area) with a plant height more the 2.5
m with a relatively high content of water-
soluble sugars — from 9.0 to 12.0%),
resistant to lodging plants. GL15A is
suitable for combined use for the
production of forage (from 1513.4 to
2019.0 dry biomass of a unit area) and
broom with hight "class".

The trial was laid out by the block
method with three replications and a size
of harvest plot of 5 m? under nonirrigated
conditions on a soil type a slightly leached
chernozem and stand density of 26 000
plants/da. Application of herbicides Buctril
universal (80 g/l 2,4 D + 280 g/l bromoxynil) —
80 ml/da; Biathlon 4D (54 g/kg florasulam +
714 g/kg tritosulfuron) — 4 g/da + Dash +
40 ml/da; Sekator OD (100 g/l
amidosulfuron + 25 g/l iodosulfuron-
methyl-sodium + 250 g/l mefenpyr-diethyl) —
10 ml/da; Laudis OD (44 g/l tembotrione +
22 g/l isoxadifen-ethyl) — 200 ml/da;
Merlin Flexx 480 SC (240 g/l isoxaflutole +
240 g/l cyprotsulfamide) — 42 ml/da and
Pacifica WG + Biopower (30 g/kg
mesosulfuron + 10 g/kg iodosulfuron + 90
g/kg mefampir-diethyl) — 35+70 ml/da and
was made conducted with 40 |/da water
solutions using a spreading machine ,ptp
18" with conic nozzle, pressure P max 3
bar, V max 1.64 |, and Q max 0.64 I/min,
at the growth stage second-fourth leaves
(BBCH — 12 - 14) on the broomcorn.

The herbicidal formulations used in
this study were registred for weeed
control in cereal-grain grown crops in
Bulgaria with herbicide action against
dicotyledonous weeds (Buctril universal,
Biathlon 4D + Dash) and with complex
action against monocotyledonous and
dicotyledonous weeds (Merlin Flexx 480
SC, Laudis OD and Pacifica WG +
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He ca npunaraHu npu TeXHUYecko Copro
(meTna).

OTuntaHu ca nokasarenure:
(PUTOTOKCUYHOCT Ha xepbuumaute Ha 7,
14, 21 n 30™ pgeH cnep TpeTupaHe
(DAT), kato e wusnonseaHa 1-9 6Gana
noraputMmnyHa Cckana Ha EWRS
(European Weed Research Society) (6an
1 — 6e3 noBpeau v npu 6an 9 — kynTypara
€ HaMb/IHO YHULOXeHA). MpexmBaemocT-
Ta Ha TexHM4YeckoTo copro (meTna) e
onpefensiHo B Kpas Ha BeretauusAta Ha
KynTypata Ha nnow, 5 m° B Tpu NosTO-
pPeHNs 3a BCUYKM BapuaHTu Ha onuTa.
EnemeHTN Ha NpoayKTMBHOCTTA (BMCOYM-
Ha Ha pacTeHuATa, Ab/DKMHA MeTnuuara
W TErN10 Ha CeMeHa OT efiHa MeT/imua) ca
onpegensaHn ot 30 pacTeHus 3a BCEKU
BapuaHT. MpexnBsemMocTTa Ha TexHu4yec-
KOTO copro (MeTna) crnep TpeTvpaHe C
xepbuuman e onpegensHa no agantupa-
HaTa meToamkaTa Ha Begon et al. (1986).

MpexnBAEMOCT Ha pacTeHus [0
Kpas Ha BereTtauusaTta (ly):

I>< :mlemx1

KbAeTo: My, — npexussaemocT (B 6p/da)

W eneMeHTM Ha MpOAYKTMBHOCTTA
[(BuCounHa Ha pacteHusTa (B cm); [o6us
Ha cemeHa (B kg/da) pbmkuHa Ha
MeT/imyata (B cm)] B KOHTPOSHUTE
BapuvaHTM — HeTpeTupaHu C xepouuunaw;
m, ,— npexussaemocT (B kg/da) u ene-

MEHTM Ha NPOAYKTUBHOCTTA Ha TEXHUYEC-
KO copro (meTna) — cnep TpeTupaHe C
xepéuunan.

PegyuvpaHe Ha efnemeHTUTE Ha
npoAykTnBHocTTa (dy):

dx :|x2_|x1

kbaeto: | 1 — npexueaemMocT (B 6p/da) un

eNeMeHTH Ha NPOAYKTUBHOCTTA
[(BuCounHa Ha pacTteHusTa (B cm); [o6us
Ha cemeHa (B kg/da) pgbmkuHa Ha
MeTimyata (B Ccm)] B KOHTPO/SHUTE
BapuaHTu - HeTpeTupaHu C Xxepouuunaw;

|X2' NpexmnBAeMoCT U €efIeMeHTN Ha

X

Biopower), but not applied to broomcorn.

The following indicators are
reported: Phytotoxicity on herbicides on 7,
14, 21 and 30 days after treatment (DAT),
using the 1-9 logarithmic scale of the
EWRS (European Weed Research
Society) (score 1 — no damage and score
9 — completely destroyed crop). The
survival ability of soybean plants was
determined at the end of crop vegetation
in an area of 5 m? with four replications for
all trial variants. Elements of productivity
(height of plants; length broom; the weight
of the broom and the weight of the seed
from one broom) were determined from
30 plants per treatment.

The survival ability of broomcorn after
treatment with herbicides was determined
by the methodology of Begon et al.
(1986).

Plant survival ability till the end of
vegetation (ly):

(1);

where: M, — plant density (in nm/da)
and elements of productivity [(height of
plants (in cm), seed vyield (in kg/da) and
panicle length (in cm)] in control
treatments — untreated with herbicides

m, ,— broomcorn after treatment with
herbicides.

Reducing the elements of

productivity (dy):
(2);

where: le — plant density (in nm/da) and
elements of productivity [(height of plants
(in cm), seed yield (in kg/da) and panicle
length (in cm)] in control treatments —
untreated with herbicides

| «,- broomcorn after treatment with
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NPOAYKTUBHOCTTA Ha TEXHUYECKO COPro
(meTna) — cnep TpeTMpaHe ¢ xepbuuman.

NHTEH3MBHOCT Ha pegyuupaHe
(Kx):

Kx = |gmx1 _Igmxz

KbAEeTo: le— BCTOTA Ha nocesa WU

eNeMeHTV Ha NpPoAyKTUBHOCTTa (BMCOUM-
Ha Ha pacTeHusATa (cm); p[obuB Ha
cemeHa (kg/da) AbmkuMHa Ha meTnuuarta
(cm) B KOHTPO/HWTE  BapuaHTh
HeTpetTupaHn ¢ xepbuuuau; My, —
rbCTOTA Ha nNoceBa W €efleMeHTUn Ha
NpoAyKTUBHOCTTA Ccfef, TpeTupaHe C
xepbuunan 3a BeretauuvoHHO MNpuIoxe-
Hue; |g —geceTuyeH orapuTbm.

CKOpOCT Ha ecTecTBEHOTO yBesinye-

H1Ee Ha TeXHMYeCcKoTo copro (metna) (I );

_InR
T

C

I

CKOpOCT Ha Bb3npon3eoacTso (R): |

R= Z I X1n rnxlfn

PenpoayKTMBHOCT Ha NpoyysBaHuTe
o6pasuum (T):

T >, my
) Z | X1 n rnxl—n

KbeTo: xlxl_n m,, ,— npoy4BaHuTe no-
Kasarenu no roguMHy u npes rogMHata Ha
npquBaHelxl_n m,, , [npexuBsemocT (B

6p/da) n enemMeHT Ha NPOAYKTUBHOCTTA
(BMCOuMHa Ha pacTeHusiTa (B cm); Aobus
Ha cemeHa (B kg/da) pbmkuHa Ha
MeTmyata (B cm)] B TpeTupaHute u
KOHTPOJ/IHMTE BapuaHTy; In — orapuTbMm.

MpocnepgsBaHn ca arpoMeTeopo-
JIOTMYHKN NoKasaTenn — cyma Ha Basiexu-
Te (B mm) n cpegHa MecevyHa Temnepa-
Typa Ha Bb3gyxa (B 0C) npes Bereta-
LUMOHHUS NEPUOJ, HAa TEXHNYECKOTO COPro
(meTna). 3a xapakTepusnpaHe Ha apug-
HOCTTa Mpe3 BereTauMoHHUS nepuog e

herbicides.

Intensity of reducing (Ky):

3

where: M, — plant density (in nm/da)
and elements of productivity [(height of
plants (in cm), seed vyield (in kg/da) and
panicle length (in cm)] in control
treatments — untreated with herbicides
m,,— plant density and elements of
productivity  after  treatment  with
postemergence herbicides; Ilg — decimal
logarithm.

Speed of natural increase of

broomcorn (T, );
4);

Reproduction speed (R):
(5

Reproducibility of test accessions
(To):

(6);

where: x|, ~m, - studied indicators
during the years and year of study
Iy, My, (survival (in nm/da) and

productivity factors (plant height (in cm),
seed vyield (in kg/da) and panicle length
(in cm)] in treatment and control variants;
In — logarithm.

Meteorological indicators are taken
into account — the sum of rainfall (in mm)
and average monthly air temperature (in
0 °C) during the growing season of the
broomcorn. To characterize the aridity
during the vegetation period, the de
Martonne index (Paltineanu et al., 2007)
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usnonseaH wuHAekcbT Ha de Martonne
(Paltineanu et al., 2007). MaTemaTuko-
cTatmucTmyeckara obpaboTka Ha ekcrnepu-
MEHT&/IHUTe [aHHW € HanpaBeHa C
nporpamHns  npoaykt STATGRAPHICS
Plus for Windows Version 2.1.

PE3YJITATU N OBCBXXOAHE

OugeHsABalkN  KOMM/IEKCHOTO Bb3-
[AeicTBMe Ha HAKOU OT OCHOBHUTE MeTeo-
pOsIorMYHM  (hakTopyM — KOMYECTBO Ha
Basiexute (mm) u CpeaHOAEHOHOLLHN
TemnepaTypu Ha Bb3gyxa ('C) no OTHO-
LeHMe Ha 6MONOrMYHUTE M3UCKBAHUSI Ha
TEXHMYECKOTO copro (MeTna) npes Bere-
TaUMOHHMS Nepuoa Ha KynTypaTa, npoyu-
BaHWTE rOAUHW ca C OTHOCUTENHO Gnaro-
NPUSTHX  YC/IOBMS 3@ Pas3BUTUETO MY

was used. The mathematical and
statistical processing of the experimental
data was done with the software
STATGRAPHICS Plus for Windows
Version 2.1.

RESULTS AND DISCUSSION
Estimating the complex effect of
some major meteorological factors,
rainfall amount (mm) and average
monthly temperature of the air (°C), with
regard to broomcorn biological
requirements during the crop growing
season, the studied years are with
relatively favorable conditions for its
growth and development (Table 1).

(Tabnuua 1).

Tabnuua 1. MeTeoposiorMyHM nokasartesin npes roAnHnUTe Ha Npoy4vBaHe
Table 1. Meteorological indicators during the years study

BereTaunoHeH nepvog, CpepHo 3a
envo Period of vegetation n-1X, t° C
Peprio d'q CpepHomeceyHa Temneparypa Ha Bb3ayxa, °C Average for
The average monthly temperature of the air, t°C n-1x, ° c
1} [\ Vv VI VIl VIl IX
2017 9.7 14.9 16.7 20.6 23.1 23.7 17.9 18.1
OTknoHerve °C Deviation °C 4.2 0.5 -0.8 2.0 0.8 2.0 1.3 15
2018 5.3 19.6 19.6 21.8 22.9 24.0 18.9 18.9
OTknoHeHre °C Deviation °C -0.8 7.9 2.1 0.8 -0.2 15 0.7 1.7
CpepgHo 3a 1964-2000
Average for 1964-2000 6.1 11.7 175 21.0 23.1 225 18.2 17.1
MeceuHn cymn Ha BasiexuTe, mm Cywma 3a llI-IX,
Mepunog, Monthly rainfall, mm mm
Period Amount for
1l v \% VI \ii VIl IX H1-IX, mm
2017 61.5 37.6 | 1543 | 44.8 | 1559 | 285 | 374 520.0
OTKNOHEHNE, % / Deviation,% 183.6 76.1 246.1 69.8 273.0 | 68.2 87.0 147.9
2018 98.1 20.2 47,5 | 155.2 | 118.9 | 22.2 15.4 477.5
OTKNOHEHNE, % / Deviation,% 292.8 40.9 75.8 241.7 | 208.2 | 53.1 35.8 135.8
CpepHo 3a 1964-2000
Average for 196-2000 335 49.4 62.7 64.2 57.1 | 41.8 | 43.0 3515
MHpeke Ha cyxota De Martonne )
rll’eeprrlood.ﬂ. De Martonne aridity index, la~-DM Evp;'gHg ?c?rlllllljl);(
1} W V VI VIl VIl 1X 9
2017 36.4 20.3 69.3 16.3 55.2 9.9 15.2 31.2
2018 76.9 8.2 19.3 58.6 43.4 7.8 6.4 28.3
CpepHo 3a 1964-2000
Average for 1964-2000 25.0 27.3 27.4 24.9 20.7 15.4 | 18.3 22.2
Cpe,D,HOMGCE‘-IHI/ITe TemMneparypu The average monthly temperature

Ha Bb3ayxa (°C) npes BereTaLyOHHUA
nepuog Ha Kyntyparta ,MapT - CenTemBpu’
Bapupa B rpaHuuute ot 5.3 go 24.5 °c,
npu cpegHn cToiiHocTyn 18.6 1 18.9 °c.

of the air (OC) during the crop growing
season ,March to September* ranged

from 5.3 to 24.5 °C, at an average value

of 18.6 and 18.9 °C. The deviations from
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OTKNOHEeHNATa OT CpefHuUTe MeCeyHu
TemrnepaTypu Ha Bb3fyxa BapupaTr ca oT
0.5 go 7.9 °C, kouto ca Mo-BUCOKW, B
CpaBHEHNe CbC CTOMHOCTUTE 3a MHOTOro-
anwHusa (1964-2000) nepuog,. Pasnpepe-
NIEHVETO Ha BasiexuTe npes BeretawuoH-
HUSA nepuog Ha TEXHUYECcKOTO COpro
(meTna) e KpaliHO HepaBHOMEPHO, Bapu-
pawo no meceun npe3 roguMHUTE Ha
npoyysaHe ot 154 po 155.3 mm.
YcnopenHo ¢ yBenuuaBaHe Ha Temnepa-
Typute Ha Bb3gyxa (oT 0.5 go 7.9 °C)
npes BeretauuMoHHWs nepuos ,mapT-
cenTemBpu“ ce ycTaHOBfiIBa U HepaBHO-
MEpPHO yBenmyasaHe Ha KOIMY4ecTBOTO Ha
Banexnte ot 183.6 po 292.8% B
CpaBHEHWe CbC CpefHuTe CTONHOCTUTE
3a 1964-2000 roguHa. AmMnautyga Ha
Basiexute 3a [MpoyysaHUTE TrOAMHU e
CbOoTBeTHO 127.4 mm u 135.0 mm, a Ha
cpefHata MeceyHa Temneparypa Ha
Bb3ayxa 14.2 n 18.7 °c.

KomnnekcHOTO B/iMSHWE Ha MNOBM-
LleHUTe cpefHN MeceyHu TemnepaTtypu
Ha Bb3fyxa B CbuyeTaHue C 06uNHWUTE
BasIeXn npes3 BereTaunoHHUs nepuoj Ha
2017 (IDM (de Martonne) = 31-2) n 2018
(Iom (de Martonne)= 28.3) ce onpeaenar, Karo
BNAXKHN.

Pesyntatute oT BU3yasIHUTE OTUM-
TaHus B GanoBe 3a CeNeKTUBHOCT
rnokassar, e NpuIoXeHUTe xepbuunam B
HavyasiHuTe pa3nm BTOPU-YETBBLPTM NUCT
(BBCH 12-14) oT pa3BUTUETO Ha TEXHU-
yecko copro (MeTsia), okassar OT UHAUU-
peHTeH (6an 1.0), 40 ymepeHo-cuieH dm-
ToTOKCUYeH ecpekT (5.5 6ana) (Tabnuua 2).

Xepbuuymante  U3Nof3BaHM  3a
6opba cpelly ABycemenesiHuTe naesenv
(Byktpun  yHuBepcann — 80 ml/da,
BuatnoH 4D — 4 g/da + Jew — 40 mi/da 1
Cekatop O - 10 ml/da), kakTO K C
KOMOMHUpaHo aelicTene 3a 6opba cpely
eflHoceMeAenHn n apycemefesnHu nne-
Benn (Nayanc Of, — 200 ml/da) ca c
BMCOKa CeNnekTMBHOCT (6an 1 — 2), gokato
MepnnH ®nekc 480 CK — 42 ml/da u
Macncomka Bl n Buonaybp — 35 + 70
ml/da npeansBukBaT ymMepeHo-cuieH qunTo-
ToKcuyeH egoekT (o1 3.0 oo 5.5 6ana).

the average monthly air temperatures
range from 0.5 to 7.9 °C, which are
higher compared to those for the many-
year period.

The distribution of rainfall during the
growing season of broomcorn is
extremely uneven, varying by months
during the study years from 15.4 to 155.3
mm. Parallel to the increase in air
temperatures (from 0.5 to 7.9 °C) during
the grout season ,March-September”,
there was also an uneven increase in the
amount of precipitation from 183.6 to
292.8% compared to values for average
1964-2000 period.

The precipitation amplit ude for the
studied years is 127.4 mm and 135.0 mm
respectively, and the average monthly air
temperature is 14.2 and 18.7 °C.

The complex influence of elevated
average monthly air temperatures combin-
ed with high sum rainfall during grout
season in 2017 (Ipwm (ge martonne) = 31.2) and
2018 (Ipm (de martonne) = 28.3) are defined,
as humid.

The results from the selectivity
visualization in score show that the
applied herbicides in the initial growth
stage — second-fourth leaf (BBCH 12-14)
from the development of broomcorn have
indifferent  (scorel.0) to moderate
phytotoxic effect (score 5.5) (Table 2).

The herbicides for control of
dicotyledonous weeds (Buctril universal —
80 ml/da, Biathlon 4D + Dash — 4 g/da -
40 ml/da and Sekator OD — 10 ml/da) as
well as combined action for control of
monocotyledonous and dicotyledonous
weeds (Laudis OD — 200 ml/da) had high
selectivity (score 1-2) while Merlin Flexx
480 SC — 42 ml/da and Pacifica WG +
Biopower — 35 + 70 ml/da produce a
moderate-potent  phytotoxicity  effect
(score 5.5).
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Tabnuua 2. CenekTMBHOCT Ha Xepouumaumte KbM 06pasum TeXHUYECKO COpro

(meTna)
Table 2. Selectivity of herbicides to broomcorn accessions
O6pasuu Xep6uuuam [o3a, duToTokenyHocT / Phytotoxicity
Accessions Herbicides g/mida | 7DAT | 14DAT | 21DAT | 30 DAT | 45DAT

BykTpun yHusepcan 80 1 . 1 N L
Buctril Universal
Buatnod 4D + AELL

i Biatlon 4D + Dash 4+40 1 1 1 1 1

=] Cekatop O[

:—; Sekator OD 10 1 1 1 1 1

< MepnuH ®nekc 480 CK

& Merlin Flexx 480 SC 200 2 15 1 1 1

»
C:ggigcoooﬂ 42 4.5 4 4 4 4
Macudpyka Br+buonaybp
Pacifica WG + Biopower 35+70 5 5 5 5 5
BykTpun yHusepcan 80 1 . 1 L 1
Buctril Universal
BuatnoH 4D +[ELL
Biation 4D + Dash 4+40 1 1 1 1 1
CekaTop O/f1

§ Sekator OD 10 1 1 1 1 1

= MepnuH ®nekc 480 CK

© Merlin Flexx 480 SC 200 2 2 1 1 1
C:ggigcooo'q 42 5 5 45 35 35
Macudpyka Br+buonaybp
Pacifica WG + Biopower 35+70 5.5 6.5 5 5 5
BykTpun yHueepcan 80 1 . 1 L 1
Buctril Universal
BuatnoH 4D +[ELL
Biatlon 4D + Dash 4+40 1 1 1 1 1

Z CekaTop O/ / Sekator OD 10 1 1 1 1 1

) MepnuH ®nekc 480 CK

= Merlin Flexx 480 SC 200 15 1 1 1 1
C:ggigcoooﬂ 42 2 25 2 2 2
Macudpyka Br+buonaysp
Pacifica WG + Biopower 35+70 4 4 3 3 2

Nerenga: DAT - 6poii gHw, cnep TpeTupaHe Ha xepbuunga Legend: DAT - days after treatment with the herbicide

MpunaraHeTo Ha xepéuumMan cbC
CUCTEMHO peiicTBue 3a 6opba cpewy
LIMPOKOAIMCTHUTE  nneBenn  BykTpun
yHuBepcan — 80ml/da, buaTtnoH 4D - 4
g/da + few — 40 ml/da n Cekatop O/ —
10 ml/da ca c Bucoka cenektTuBHocT (6an
1) npu TecTBaHMTEe 06pa3uu TexHuU4ec-
KOTO copro (MeTna) He npeamsBMKBat
guToTOKCHMYEH eduekT. Jlayauc Of
npunoxeH B gosa 200 ml/da npu BCKYKK
06pasuy TEXHUYECKO TEXHWYECKO COpro
(meTna), oo 7 peH cnep TpeTupaHeTo

Application of herbicides with
systemic activity to control broadleaf
weeds Buctril universal — 80 ml/da,
Biathlon 4D + Dash — 4 g/da 40 ml/da
and Sekator OD — 10 ml/da are highly
selective (score 1.0) to the tested
broomcorn accessions and do not induce
phytotoxic effect. Laudis OD applied at a

dose of 200 ml/da in all broomcorn
accessions until seven days after
treatment (DAT) produces a slight

phytotoxic effect (score 2) with easily
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(DAT) npegmssukBa crab (pUTOTOKCUYEH
edoekT (6an1 2) ¢ NecHo pasno3HaBaliyn ce
CMNTOMW Ha X/10p03a Mexay XWiKuTe
Ha nuctata. YeTupuHageceT [HWU cref,
TpeTupaHeto (14 DAT) HabnwopgaBaHaTa
cuMnToMatmka Ha (UTOTOKCUYHOCT ce
3anasBa, KOATO Ha no-kbceH etan (21
DAT) ce npeoofonsgsa npu BCUYKU MNPO-
yuBaHu obpasuu. MepnuH ®nekc 480 CK
npunoxeH B gosa 42 ml/da n Macudumka
BI' n Bruonaywp — 35+75 ml/da npeaus-
BMKBAT YMEPEHO-CU/IEH (OUTOTOKCMYEH
egpekT (o1 3.0 go 5,5 6ana) uspasasaiym
Ce B X/IOPOTUYHW W3MEHEHUA MexXay
XWIKUTE Ha nucTata, gedopmauns Ha
NMCTHaTa neTypa, n3ocTaBaHe B pacTexa
N HapacTBaHeTo Ha CTe610TO NPY BCUYKM
npoyysaHn o6pasuu, KOMTO Ha NO-KbCeH
eTan oT pa3BMTUETO UM, HE Ce Npeogo-
NsiBa C M3K/IHYEHME Ha X/IOPOTUYHMUTE
N3MEHEHNs No ucTaTa.

YCcTaHOBEHM Ca FEHOTUMHM pasniu-
YyMa MO OTHOLUEHME CEJIEKTMBHOCTTA Ha
MepnnH ®nekc 480 CK — 42 ml/da u
Macncomka B u buonaybp — 35+70
ml/da. OTHocMTeNHo no-cnab MTOTOKCH-
YyeH edekT e OoT4eTeH npu MecTHa
nononauyns MIL6N cnep TpetupaHe c
MepnmH ®nekc 480 CK — ot 2.0 go 2.5
6ana (cpegHo 2.1 6ana) nnm c Macudurka
Bl + Buonaysp — ot 2.0 go 4.0 6ana
(cpegHo 3.2 6ana) B cpaBHEHMe CbC COpPT
Szegedi 1023 wu MecTHa nonynauus
GL15A cnep npuioxeHue Ha cCbluute
Xepobmuugn, Kbgeto oTdyeTeHata uTo-
TOKCYHOCT e no-cuaHa ot 1.0 go 3.0 6ana
(cpegHo 2.1 6ana).

PasnnumaTta B 4yBCTBUTESIHOCTTA
KbM  XepbuuuMan npu  NpoyyBaHuTe
obpas3un TexHumdecko copro (meTna)
mMoraT ga 6bAbT 0BACHEHM C reHOTUMHU
pasnMuns, Tbil KATO CPaBHEHUATA MEXAY
TAX Ca W3BbPWEHM NpU  efgHaKBU
METEOPOIOTNYHN 1 efanuyHN YCI0BNUS.

3BECTHO €, Ye MHOro OT KCEHO-
6uoTMUMTE, KbM KOWUTO crlagaT u xepbu-
unante, Morat ga notuckar ou3snmonormy-
HWUTe npouecy, 6e3 ToBa fa npeav3srksa
Buanm cputotokcumueH edpekt (Churkova,
2008; 2009; 2014; Ramel et al., 2012;

recognizable symptoms of chlorosis
between the leaves of the leaves.

Fourteen days after treatment (14 DAT),
observed symptomatology of
phytotoxicity was retained, which at a
later stage (21 DAT) was overcome in all
tested accessions.

Merlin Flexx 480 SC applied at a dose of
42 ml/da and Pacifica WG + Biopower —
35 + 70 ml/da produced a moderate
phytotoxic effect (from 3.0 to 5.5 score)
expressed in chlorotic variations between
the leaves of the leaves, deformation of
the leaf and growth retardation and stem
growth in all specimens studied, which at
a later stage of development is not
overcome except for leaf chlorosis.

Genotypic differences have been
identified with respect to the selectivity of
Merlin Flexx 480 SC - 42 ml/da and
Pacifica WG + Biopower — 35 + 70 ml/da.
A relatively weaker phytotoxic effect was
found in the local populations MI16N after
treatment with Merlin Flexx 480 SC - from
2.0 to 2.5 score (average 2.1 score) or
Pacifica WG + Biopower — from 2.0 to 4.0
score (mean 3.2 score) compared to
variety Szegedi 1023 and local
populations GL15A after application of
the same herbicides, where the reported
phytotoxicity is greater than 1.0 to 3.0
score (an average of 2.1 score).

The established differences in
herbicide sensitivity in the studied
accessions broomcorn can be explained
by genotypic differences as the
comparisons between them are perform-
ed under the same meteorological and
edaphic conditions.

It has been found that many of the
xenobiotics, including herbicides, can
suppress physiological processes without
causing a visible phytotoxic effect
(Churkova, 2008; 2009; 2014; Ramel et
al., 2012; Churkova and Bozhanska,
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Churkova and Bozhanska, 2016; | 2016; Stoyanova et al., 2016)
Stoyanova et al., 2016).
YcTaHoBeHMS hUTOTOKCHYEH The established phytotoxic effect of

edekT Ha xepbuumante MepnuH dnekc
480 CK — 42 ml/da v Macudmka Bl n
Buonaybp B go3um 35+75 mil/da okasea
MHXMOMpaLLO BAWSHWE BbPXY HAKOW OT
enemMeHTUTe Ha NPOoAYKTMBHOCTTA (FbCTO-
Ta Ha noceBa, BUCOYMHA HA pacTeHuATa,
[06MB Ha cemMeHa M Ab/HKMHA Ha MeTnu-
uaTa) Ha TexHM4YeckoTo copro (meTna)
(Tabnuua 3a n 3b), kato pasnukute ca
CTaTUCTUYECKN  [0Ka3aHO  HamasieHu
(P=0.05) B cpaBHeHWE C KOHTPOSIHUTE
BapuaHTu 1 NpueTusa 3a etasioH bykTpun
yHuBepcan — 80 ml/da. Bvnpekn pasnu-
4yneto B CTOMHOCTUTE Ha Mnpoy4yBaHuTe
nokasartenu no TroAuHW, TeHAeHuuATa
Mexzay oTAe/IHUTe BapuaHTu ce 3anasBa.

MpomeHnTe B NABLTHOCTTA Ha Tex-
HMYEeCKOTO copro (MeT/1a) 3aBucu OT npu-
NOXEeHUTe Xepobuuman n KONNYecTBOTO U
pasnpefeneHneTo Ha BanexuTe npes
BereTauvoHHMA NepPUoS Ha KynTypaTta.

Mpes roguHUTe Ha Npoy4yBaHe npe-
xnesiemoctTa (ly) Ha TEXHUYECKOTO COpro
(meTna) Bapupa B guana3oHa ot 0.620
00 1.00 (cpegHo 0.885), a koepUUNEHTBT
Ha 3armpaHe Ha pacTeHusATa (dy) € B
rpaHvunTe ot 0.018 po 9.64 (cpenHo
9.64) (Tabnuua 3a).

herbicides Merlin Flexx 480 SC — 42
ml/da and Pacifica WG + Biopower — 35
+ 70 ml/da had an inhibitory effect on
some of the elements of productivity
(plant density, height of plants, seed yield
and panicle length) of the broomcorn
(Table 3a and 3b), the differences being
statistically significant at P<0.05%, as
compared to the control variants and the
etalon Buctril universal — 80 ml/da.

Despite the differences in the values of
the surveyed indicators by the study year,
the trend between the different
treatments is retained.

The changes in the broomcorn
density depended on the applied
herbicides and the quantity and
distribution of rainfall during the growing
season of the crop.

In the years of study, the survival
() on broomcorn ranges from 0.620 to
1.00 (0.885 on average), and the plant
death rate (d,) ranges from 0.018 to 9.64
(mean 9.64) (Table 3a).

Tabnuua 3a. BavsaHue Ha xepbuuman 3a BeretauyyMioOHHO MPUIOXKEHUE BbPXY
NPoAYKTMBHOCTTA Ha 06pasuy TEXHUYECKO copro (MeT/ia)
Table 3a. Effect of postemergences herbicides on the productivity of bromcorn

accessions
0wl 2 Mokasatenw/ Characteristics
55 5] Jlosa 6poi1 pacTeHust, da BICOYMHA Ha pacTeHusTa, cm
T2 >S' Xepbuumg, (Dose) plant number, da height of plants, cm
So|z Herbicides :
Qs g/ml/da
© 2 g: My Ix dx Kx my dy Ky
—
KoHTpona HeTpeTupaHa /Control untreated 25357.1b 140.9b|
ByKTpUn yH1BEpCan 80 25178.6b | 0.993 | 0.18 | 0.003 | 158.2b | -17.30 | -0.050

o Buctril Universal

S | [puatnon 4D +AEL 4+40 | 24642.9b | 0.972 | 0.71 | 0.012 | 159.0b | 18.10 | -0.052

= |~ [Biatlon 4D + Dash

g a Cekatop O/, / Sekator OD 10 23214.3b | 0.915 | 2.14 | 0.038 158.0b 17.10 -0.050

2 | MepnnH ®nekc 480 CK

[T} -

(,7,) Merlin Elexx 480 SC 42 21785.7ab | 0.859 | 3.57 | 0.066 | 122.6ab 18.30 0.060
ayanc Of, / Laudis OD 200 25000.0b | 0.986 | 0.36 | 0.006 140.9b 0.00 0.000
Macuchua BI'+Buonaybp 35+70 | 18928.6a | 0.746 | 6.43 | 0.127 | 110.3a | -30.60 | 0.106
Pacifica WG + Biopower
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Pacifica WG + Biopower

KoHTpona HeTpeTupaHa /Control untreated 25714.3b 207.0c|

ByKTpU yHMBEpCan 80 25357.1b | 0.986 | 0.36 | 0.006 | 204.3c | 2.67 0.006
Buctril Universal

BuatnoH 4D +4ELU

ﬁ% Biatlon 4D + Dash 4+40 25000.0b | 0.972 | 0.71 | 0.012 | 205.0c -1.97 0.004

- Cekatop O/f1 / Sekator OD 10 246429b | 0958 | 1.07 | 0.018 | 183.1c | -23.87 0.053

O] MepnuH ®nekc 480 CK 480 CK
Merlin Flexx 480 SC 480 SC 42 24642.9b | 0.958 | 1.07 | 0.018 | 143.2b | -63.77 0.160
aygmc Of / Laudis OD 200 25000.0b | 0.972 | 0.71 | 0.012 | 198.7c -8.27 0.018
Macudmka Br+bronaybp }

Pacifica WG + Biopower 35+70 17500.0a | 0.681 | 8.21 | 0.167 96.8a 110.17 0.330
KoHTpona HeTpeTupaHa /Control untreated | 25357.1b 276.6¢]

ByKTpun yHvsepcan 80 24642.9b | 0.972 | 0.71 | 0.012 | 272.1c | 450 0.007

Buctril Universal

BuatnoH 4D +4ELU

z Biatlon 4D + Dash 4+40 24642.9b | 0972 | 0.71 | 0.012 | 260.7c | -15.90 0.026

= Cekatop O/f1 / Sekator OD 10 23928.6b | 0.944 | 1.43 | 0.025 | 246.0bc | -30.60 0.051

= MepnuH dnekc 480 CK 480 CK
Merlin Flexx 480 SC 480 SC 42 20357.1ab | 0.803 | 5.00 | 0.095 | 207.8b | -68.80 0.124
aygmc Of / Laudis OD 200 25357.1b | 1.000 | 0.00 | 0.000 | 260.8c | -15.82 0.026
Macudmka Br+bronaybp }

Pacifica WG + Biopower 35+70 15714.3a | 0.620 | 9.64 | 0.208 | 159.9a 116.70 0.238
KoHTpona HeTpeTupaHa /Control untreated | 25714.3b 150.6a
ByKTpun yHvsepcan 80 24285.7b | 0.944 | 1.43 | 0.025 | 174.0b | -23.40 | -0.063

o Buctril Universal

N BuatnoH 4D +4ELU

S Biatlon 4D + Dash 4+40 23571.4b | 0917 | 2.14 | 0.038 | 151.2a 0.60 -0.002

S Cekatop O/f1 / Sekator OD 10.0 235714b | 0917 | 2.14 | 0.038 | 150.6a 0.00 0.000

(3]

2 MepnuH ®nekc 480 CK

(7] -

I Merlin Flexx 480 SC 42 20714.3ab | 0.806 | 5.00 | 0.094 | 145.4a 5.20 0.015
aygmc Of, / Laudis OD 200 22857.1b | 0.889 | 2.86 | 0.051 | 140.8a -9.80 0.029
Macudmka Br+bronaybp )

Pacifica WG + Biopower 35+70 16428.6a | 0.639 | 9.29 | 0.195 | 147.0a 3.60 0.011
KoHTpona HeTpeTupaHa /Control untreated | 25000.0b 187.8b

ByKTpun yHvsepcan 80 23571.4b | 0.943 | 1.43 | 0.026 | 192.4b | -4.60 | -0.011

Buctril Universal

BuatnoH 4D +4ELU

ﬁ% « [Biatlon 4D + Dash 4+40 23214.3b | 0929 | 1.79 | 0.032 | 188.0b 0.20 0.000

= |2 |Cekatop Of,/ Sekator OD 10 22142.9b | 0.886 | 2.86 | 0.053 | 190.0b 2.20 -0.005

-

O |™ MepnuH ®nekc 480 CK
Merlin Elexx 480 SC 42 21428.6ab | 0.857 | 3.57 | 0.067 | 191.0b 3.20 -0.007
ayavc Of, / Laudis OD 200 24285.7b | 0.971 | 0.71 | 0.013 | 211.0a 23.20 -0.051
MNacvcpuka BI'+Bronaysp 35470 | 15928.6a | 0.637 | 9.07 | 0.196 | 211.6a | 23.80 | -0.052
Pacifica WG + Biopower

KoHTpona HeTpeTupaHa /Control untreated | 24642.9b 261.0b
ByKTpun yHvsepcan 80 23571.4b | 0.957 | 1.07 | 0.019 | 269.0c | -8.00 | -0.013
Buctril Universal
BuatnoH 4D +AELU

% Biatlon 4D + Dash 4+40 22571.4b | 0.916 | 2.07 | 0.038 | 245.4b -15.60 0.027

— Cekatop O/, / Sekator OD 10 21428.6b | 0.870 | 3.21 | 0.061 | 271.0c 10.00 -0.016

= Mepnu dnekc 480 CK
Merlin Elexx 480 SC 42 20357.1ab | 0.826 | 4.29 | 0.083 | 256.6b -4.40 0.007
ayamc Of, / Laudis OD 200 24285.7b | 0.986 | 0.36 | 0.006 | 301.4c 40.40 -0.063
MNacvcpuka BI'+Bronaysp 35470 | 16428.6a | 0.667 | 8.21 | 0.176 | 282.0a | 21.00 | -0.034

Nerenpa: my — eKCNepUMEHTA/HO OTYeTeHu 6p0i/'| pacTeHus
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m?; Ix - MpeXuBSEMOCT Ha pacTeHuss [0 Kpas Ha
BereTauuaTa; dx - 3armBaHe (pesyuupaHe) Ha pacTeHusTa (go6usa); Ky - UHTEH3UBHOCT Ha 3aruBaHe (pefyuupaHe).

Legend: my — experimentally recorded plant number da; Ix —survival ability of plants till the end of vegetation; dx — death
(reduction) of plants (yields); Ky — death intensity (reduction).




Tabnuua 3b. BnusHve Ha xepbuuman 3a BeretauyMoOHHO MNPUIOXKEHWE BbpPXY
NPOAYKTUBHOCTTa Ha 06pasuy TeEXHNYECKO COpro (MeT1a)

Table 4b. Effect of postemergences herbicides on the productivity of bromcorn
accessions

» Mokasatenun/ Characteristics
s g g [o6us cemeHa, kg/da AB/KMHA HA MET/MLATA, Cm
732x Xep6uuua (5-853:) seed yield, kg/da panicle length, cm
NEAE Herbicides mlida
cgl% ¢ m, | K | omo | | K
—
KoHTpona HeTpeTupaHa /Control untreated|  539.8b 70.8¢
ByKTpun yHusepcan 80 558.3c | -1853 | 0.003 | 65.4c | 5.40 | 0.034
o Buctril Universal
I BuatnoH 4D +AELL
= Biatlon 4D + Dash 4+40 459.0b -80.78 | 0.012 | 61.0c -9.80 0.065
g CekaTop O/l / Sekator OD 10 432.4b -107.39 | 0.038 | 65.4c -5.40 0.034
g | Mepaun dnexc 480 CK 42 289.9ab | -249.94 | 0.066 | 43.8b | -27.00 | 0.209
) Merlin Flexx 480 SC ) ) ) ) ) )
Nayamc Of / Laudis OD 200 465.7b -74.13 | 0.006 | 61.5c -9.30 0.061
Macucuka BI-+Enonaynp 35+70 2015a | -338.33 | 0.127 | 32.6a | -38.20 | 0.337
Pacifica WG + Biopower
KoHTpona HeTpeTupaHa /Control untreated|  515.7bc 42.2b
ByKTpun yHusepcan 80 472.3b | 43.38 | 0.006 | 41.4b | 0.80 | 0.008
Buctril Universal
BuatnoH 4D +AELL
5 . |Biatlon 4D + Dash 4+40 487.9b -27.85 | 0.012 | 39.6b -2.60 0.028
- 3 |Cekatop Of / Sekator OD 10 494.0b -21.71 | 0.018 | 39.6b -2.60 0.028
O | |MepnuH ®nekc 480 CK
Merlin Flexx 480 SC 42 371.6ab -144.11 | 0.018 | 30.2a -12.00 | 0.145
Nayamc Of / Laudis OD 200 465.7b -50.03 | 0.012 | 40.0b -2.20 0.023
Macuduka Br+bronaybp } )
Pacifica WG + Biopower 35+70 170.7a 344.95 | 0.167 | 30.5a 11.70 | 0.141
KoHTpona HeTpeTupaHa /Control untreated|  922.2bc 50.1b
BYKTPWN yHMBEpcan 80 939.9bc | -17.74 | 0.012 | 50.4b | -0.30 | -0.003
Buctril Universal
Buartnon 4D +AELL
z Biatlon 4D + Dash 4+40 852.5b -69.69 | 0.012 | 48.6b -1.50 | 0.013
- Cekatop Ofj / Sekator OD 10 764.9b 157.3 | 0.025 | 46.8b -3.30 | 0.030
= MepnuH dnekc 480 CK
Merlin Elexx 480 SC 42 448.9a -473.27 | 0.095 | 33.6a | -16.50 | 0.173
Nayanc Of / Laudis OD 200 832.2b -89.97 | 0.000 | 42.0b -8.10 | 0.077
Macucuka Br+bBronaysbp ) )
Pacifica WG + Biopower 35+70 404.2a 517.94 | 0.208 | 31.9a 18.20 | 0.196
KoHTpona HeTpeTupaHa /Control untreated|  449.3b 62.3bc
ByKTpUn yHnBepcan 80 463.1b | -13.81 | 0.025 | 58.4bc | 3.90 | 0.028
- Buctril Universal
N Buartnon 4D +AELL
S Biatlon 4D + Dash 4+40 439.1b -10.26 | 0.038 | 51.2b | -11.10 | 0.085
S Cekatop Ofj / Sekator OD 10 396.4ab -52.92 | 0.038 | 49.6b | -12.70 | 0.099
2 MepnuH ®nekc 480
(] - -
5 Merlin Elexx 480 SC 42 237.0a 212.31 | 0.094 | 44.6ab | -17.70 | 0.145
Nayanc Of / Laudis OD 200 425.8b -23.57 | 0.051 | 51.3b | -11.00 | 0.084
% Macuduka Br+Bronaybp
- - -
S |pacifica WG + Biopower 35+70 145.7a 303.61 | 0.195 | 39.8a 2250 | 0.195
KoHTpona HeTpeTupaHa /Control untreated|  554.4bc 44.0b
ByKTpUn yHnBepcan 80 500.1b | 45.27 | 0.026 | 39.4b | 4.60 | 0.048
Buctril Universal
< BuaTtnoH 4D +[ELL
g Biatlon 4D + Dash 4+40 409.1b -145.23 | 0.032 | 44.0b 0.00 0.000
(U] Cekatop Ofj / Sekator OD 10 443.9b -110.49 | 0.053 | 41.0b -3.00 | 0.031
MepnuH ®nekc 480
Merlin Elexx 480 SC 42 241.4a -312.98 | 0.067 | 35.0ab | -9.00 | 0.099
Nayanc Of / Laudis OD 200 452.4b -102.01 | 0.013 | 43.3b -0.70 | 0.007
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Macucuka Br+bBronaysbp : )
Pacifica WG + Biopower 35+70 127.2a 427.22 | 0.196 | 42.6b 1.40 0.014
KoHTpona HeTpeTupaHa /Control untreated 982.0 46.4b
ByKTpUn yHnBepcan 80 991.9 -9.82 | 0.019 | 41.4b | 500 | 0.050
Buctril Universal
Buartnon 4D +AELL
z Biatlon 4D + Dash 4+40 845.3 -136.71 | 0.038 | 41.4b -5.00 0.050
= Cekatop Of / Sekator OD 10 844.8 -137.27 | 0.061 | 39.8ab -6.60 0.067
= MepnuH dnekc 480 CK
Merlin Elexx 480 SC 42 504.2b -477.84 | 0.083 | 40.8ab -5.60 0.056
Nayanc Of / Laudis OD 200 972.0 -10.07 | 0.006 | 44.6b -1.80 0.017
Macucuka BIr+bBronaysbp B R
Pacifica WG + Biopower 35+70 360.4a 621.60 | 0.176 | 38.8a 7.60 0.078

Nlerenpa: m, — eKCNepUMEeHTaNnHO OTueTeHN 6poil pacTeHns m’; lx - MPeXMBAEMOCT Ha pacTeHus [0 Kpas Ha
BereTauuaTa; dx - 3armBaHe (pegyumpaHe) Ha pacTeHusaTa (gobmsa); Ky - MHTEH3MBHOCT Ha 3arvmBaHe (pegyuyvpaHe).
Legend: my — experimentally recorded plant number da; Ix —survival ability of plants till the end of vegetation; dx — death

(reduction) of plants (yields); K — death intensity (reduction).

AHaNoOrMYHK ca U NoayvyeHuTe pe-
3y/TaT¥ N0 OTHOLIEHWE WMHTEH3UBHOCTTA
Ha 3arvBaHe Ha pacTeHusTa cnep Tpe-
TupaHe ¢ xepouuugn (K,). Hain-Bucoka
WHTEH3VMBHOCT Ha 3arMBaHe Ha pacTe-
HusTa (K,) € oTyeTeHa BbB BapuaHTuUTe
cnef npunoxeHuwe Ha xepbuungute
MepnnH ®nekc 480 CK 42 ml/da u
Macuchmka Bl n bruonaybp B Ao3n 35+75
ml/da, a Hail--HuCka cnef TpeTupaHe C
BykTpnn yHmueepcan — 80 ml/da, buatnoH
4D — 4 g/da + Jew — 40 ml/da n CekaTop
O - 10 ml/da, kbOoeTo CTOMHOCTUTE Ha
Ky ca B rpaHuymte ot 0.018 go 0.208
(cpegHo 0,1134), a WMHTEH3UBHOCTTa Ha
3arMBaHe Ha pacTte-HugaTa e ot 4,7 [0
11,9 nNbTM nNO-HUCKA B CpaBHEHMEe C
xepéuunanTte npean3Buk-BalLy ymepeHo-
cuneH dutoTokcmyeH edoekt (MepnvH
dnekc 480 CK u Macuguka BI' n buo-
naybp) Npu TEXHU-YECKOTO copro (MeTna).

BucounHaTta Ha pacteHusTa, f4obu-
Ba Ha CEMEHA U AbJHKMHATa 1 knaca“ Ha
MeTANUMUTE ca MPOMEHINBU BENNYUHN,
Bapupar B LIMPOK AuanasoH B 3aBuUCU-
MOCT OT MPWIOXEHUTE Xepbuunan n me-
TEoposIoruyHuTEe (PakTopy — KOMYECTBO
Ha BaslexuTe npe3 BereTauuMoHHUA
nepvogHa TEXHUYECKOTO copro (meTtna)
(Tabnmua 3b). Tbil KaTto rbLcToTaTa Ha
rnoceBa B Hauya/oTO Ha Beretayusita e
efiHakBa — 26000 pacTteHus/da BbB BCUY-
KA BapuaHTM Ha onuTa, a M/eBennTe
npe3 BereTayMoHHUSA Mepuos Ha Kynty-
pata ca OTCTpaHsBaHU Pb4yHO, 3a Aa ce
e/IMMUHMpa oTpuLaTeNHOTO UM Bb3Aei-

Similarly, the results obtained with
respect to the intensity of plant death
after treatment with herbicides (K,).

The highest rate of plant death intensity
(Ky) was reported in the variants after
treatment with herbicides Merlin Flexx
480 SC — 42 ml/da and Pacifica WG +
Biopower — 35 + 70 ml/da and the lowest
after treatment with Buctril universal — 80
ml/da, Biathlon 4D + Dash — 4 g/da + 40
ml/da, Sekator OD — 10 ml/da and Laudis
OD - 200 ml/da where the (K,) values
were within the range from 0.018 to 0.208
(average of 0.1134) and the intensity of
plant death is 4.7 to 11.9 times lower than
herbicides causing a moderate phytotoxic
effect (Merlin Flex and Pacifica WG +
Biopower) at broomcorn.

Plant height, seed yield and length
and "broom class" were variable values,
varied within depending on the applied
herbicides and meteorological factors -—
rainfall amount during the broomcorn
growing season (Table 3b).

Since the density at the beginning of
vegetation of the broomcorn stand was
the same, 26000 plants/da in all trial, and
the weeds during the vegetation period of
the crop are removed manually in order
to eliminate their negative impact the
studied parameters (height of the plants,
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CTBME BbPXY MNpOyyYBaHUTE Mokasarenu
(BMCOUYMHA Ha pacTeHusiTa, AOOUB ceme-
Ha M Ob/XuMHaTa Ha MET/MuUuUTE), nosy-
YyeHUTe ekcneprMeHTa/IHWU pesynTaTn no-
KasBaTt reHoTunHata peakuus npu TecT-
BaHWTe obpasuUy TEXHMYECKO copro (MeT-
Na) No OTHOLWIEHME CENEKTMBOCTTA Ha Xep-
ouuManTe 1 B3aMMoBpb3KaTa Mexay TSX.
PeoyunpaHeTo Ha HsKOM OT efle-
MeHTUTe Ha npoayktusHocTTa (d,) npwu
TEXHUYECKOTO copro (MeTna) cneg Tpetu-
paHe c xepbuunan BbLB (hasa BTOpPU —
YeTBBPTU JNINCT Ha KynTypaTta Bapupa
OTHOCUTENHO Mo-cnabo npu NAbTHOCTTA
Ha nocesa (0T 0.18 po 9.64), BucounHata
Ha pacTeHusaTa (ot -17.3 po 40.4),
AbnXnHata Ha meTnuuata (ot -38.2 Ao
5.0) n Hai-cunHO npu doopmupaHe Ha
JobuBa OT cemeHa — OT -621.6 go 157.3
B CPaBHEHUWE C KOHTPOJTHUTE BapuaHTy.
OTHOCUTESIHO Hali-cnabo pegyuu-
paHe npu Mpoy4BaHWTE MoKasaTenn e
OTYETEHO c/ief TpeTupaHe ¢ Byktpun
yHuBepcan — 80 ml/da, buatnoH 4D +
Jew — 4 g/da + 40 ml/da, CekaTop O[] —
10 ml/da n Nayguc O — 200 ml/da,
KbAEeTO pas/IMKMTe ca U CTaTUCTUYECKM
Hepgoka3aHu (npu P=0.05) B cpaBHeEHME C
npueTns 3a eTasioH xepbuuung BykTpun
yHuBepcan — 80 ml/da, kakTo 1 B cpaBHe-
HME C KOHTPOJIHUTE BapuaHTu. TpeTupa-
HuATa U3BbpLIeHn ¢ MepanH ®nekc 480
CK — 42 ml/da n Nacucmka Bl u
Brvonaybp B fo3n 35+75 ml/da cratuctu-
yecku gokasaHo (npu P=0.05) peayunpar
(d,) enemeHTUTE Ha NPOAYKTMBHOCTTA MpK
BCUYKM 06pasLy TEXHNYECKO COpPro (MeTna).
MHTeH3uBHOCTTAa Ha pegyuupaHe
efemMeHTMTEe Ha npogyktnBHoctTa (K,)
3aBMCM OT CblumTe dhakTopyu ¥ cnenga
yCTaHOBEHUTE 3aBUCUMOCTU Npu peayLm-
paHeTo um (d,). Hait-Huckn koedpmymeHTm
dy n Ky, T. €. C OTHOCUT/IHO Hai-HUCKa
YyBCTBUTENIHOCT KbM Xepbuuugnte B
NPWIOXKEHNTE  [03M Ha  BykTpun
yHuBepcan — 80 ml/da, BuatnoH 4D +
[Jew — 4 g/da + 40 ml/da, CekaTtop O[, —
10 ml/da v Nayanc Of — 200 ml/da ca
oTyeTeHn npu Szegedi 1023 U MecTHa
nonynauna GL15A no  OTHOweHue

seed yield and panicle length) the
experimental results obtained show the
genotypic reaction of the tested
accessions at the broomcorn to the
herbicide selectivity and the
interrelationship between them.

The reduction in some of the
elements of productivity (d,) in boomcorn
after treatment with post emergence
herbicide in the growth stages BBCH 12-
14 of the crop varied relatively weakly at
the plant density (from 0.18 to 9.64), the
plant height (from -17.3 to 40.4), panicle
length (from -38.2 to 5.0), and most
strongly seed formation — from -621.6 to
157.3 compared to control variants.

Relative mild reductions in the
studied parameters were reported after
treatment with Buctril universal — 80
ml/da, Biatlon 4D + Dech — 4 g/da + 40
ml/da, Sekator OD — 10 ml/da and Laudis
OD - 200 ml/da are also statistically
unsignificant (P=0.05), compared to the

standard reference herbicide Buctril
universal — 80 ml/da, as well as
compared to control variants. After

treatment with Merlin Flexx 480 SC — 42
ml/da and Pacifica WG + Biopower
applied at doses 35 + 75 ml/da
statistically significants (P=0.05) reduces
(d,) the elements of productivity in all
testet accessions broomcorn.

The intensity of reduction of the
elements productivity (K,) depended on
the same factors and followed the
relations found in their reduction (d,).

The lowest coefficients d, and K,, i.e. with
a relatively lower sensitivity to the
herbicides at the applied doses of Buctril
universal — 80 ml/da, Biatlon 4D + Desh —
4 g/da + 40 ml/da, Sekator OD — 10 ml/da
and Laudis OD — 200 ml/da are reported
in variety Szegedi 1023 and a local
population GL15A with respect to plant
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NpexXmBsemMocTTa Ha pacTeHusTa, 4oKaTo
hopmupaHeTo Ha AobuBa OT cemeHa, U
Ob/KNMHATa, PecrnekTuBHO ,Knacarta“ Ha
MeTAnuMTe Npes rogMHUTe Ha npoy4ysaHe
€ OTYeTeHO camoO Mpu MecTHaTa nony-
nauyua GL15A. MI16N 3aema mMexauHHa
no3nuus.

Mop BB3AENCTBME Ha xepbuumaun-
Te Cce MPOMEHS CKOpOCTTa Ha Bb3Npous-
BoAcTBO (R) M CKOpOCTTa Ha ecTecTBeHO-
TO yBe/MYaBaHe Ha nonyaayMoHHaTa
nNABLTHOCT (r,) NpW TecTBaHWTe obpasuun
TeXHM4Yecko copro (MeTna), kato ca Ha-
e reHoTUnHU pasnnuuns. B otHocuten-
HO Hali-masika CTerneH ce MNPOMEHSs
CKOpOCTTa Ha Bb3npoussoacTeo (R) npu
MecTHa nonynaumsa GL15A (R ot 1.77 o
2.30) 1 Hait-cunHo npu MIL6N (R ot 2.14
0o 2.41), ¢ usknoveHve npu hopmmpaHe
Ha pobuBa oT cemeHa (R = 0.79) B
cpaBHeHue cbe copT Szegedi 1023. Haii-
BMCOKN KOEMMUMEHTN ca OTYETEHU MpU
yBenMyaBaHe Ha nonynauuMoHHaTa nabT-
HOCT (r;) U pPenpoayKTUBHOCTTA Ha Mpoy4-
BaHuTe o6pasum (T.) T.e. Hali-BMCOKa TO-
NIepaHTHOCT KbM NPUIOXKEHUTE Xepouum-
[n ce ycTaHOBSIBa Npu MeCTHWUTEe nonyna-
umn GL15A n MIL6N, a Hail-HuCkM npu
TecTBaHus copT Szegedi 1023 (Tabnvuya 4).

YctaHoBEHa € p[ob6pe [AokasaHa
nonoXuTenHa KopesaumoHHa  3aBucu-
MOCT MexXAJy CKOpoCTTa Ha Bb3Npous-
BoACTBO (R) 1 ecTecTBEHOTO yBesiMyaBa-
He Ha nonysaymoHHaTa nabTHOCT (1) — 1
e B AguanasoHa ot 0.998 pgo 0.995, n B
oTpuuaTesiHa 3aBUCUMMOCT OT NOMy/iaLMoH-
HaTa NAbTHOCT (r,) U PenpoayKTUBHOCTTA
Ha npoy4yBaHuTe obpasum (T.) TeXHU4Yec-
Ko copro (metna) —r e o1 -0.938 po 0.999.

MpunoxeHute xepbuunan n [03M
Ha MpUNOXeHVe oKasBaT BAUSHUE BbPXY
KoehUMEHTUTE Ha Bb3NPON3BOACTBO
(R), ckopocTTa Ha yBesimyaBaHe Ha nony-
naumoHHaTa nabTHOCT () U Penpoayk-
TuBHOCTTa (T.) Ha TEXHMYECKOTO COPro
(meTna).

survival, while seed yield formation and
length, respectively, the "class" of panicle
attributed to the years of study was only
reported in the local population GL15A.
Local population MI16N occupies an
intermediate position.

The rate of reproduction (R) and
the rate of natural increase in population
density (r) at the tested broomcorn
accessions are affected by the herbicide,
and there are genotypic differences.

To a lesser extent, the reproduction rate
(R) in a local population GL15A (R of
1.77 to 2.30) and most strongly at MI16N
(R of 2.14 to 2.41), with the exception of
seed yield formation (R = 0.79) compared
to Szegedi 1023 variety.

The highest coefficients were recorded in
the population density increase (r,) and
the reproducibility of the studied samples
(T.), i.e. the highest tolerance to applied
herbicides was found in the local
populations GL15A and MI16N, and the
lowest in the tested variety Szegedi 1023
(Table 4).

A positive correlation correlation
between the reproduction rate (R) and
the natural increase in the population
density (r,) — r is in the range of 0.998 to
0.995, and in a negative population
density (r,) and reproduction of the
studied accessions (T.;) broomcorn — r is
from -0.938 to 0.999 was determed.

The applied herbicides and
application rates influence the
reproduction coefficients (R), the rate of
increase of the population density (r,) and
the reproduction (T.) of the broomcorn.
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Tabnuua 4. Bb3nponsBoacTso (R) 1 CKOPOCTTa Ha 1 eCTECTBEHOTO yBeNnMyaBaHe
Ha nonynaumoHHaTa NabLTHOCT (r;) Ha 06pas3um TexHMYecko copro (MeTna) cnes
NPUIOXeHMe Ha Xxepbnunan 3a BereTayMOHHO NMPUIOXKeHNe

Table 4. Reproduction (R) and speed of natural increase population density of

accessions broomcorn (I, ) after treatment with post emergence herbicides

) [losa 6poli pacTenus, da BMCOYMHA Ha pacTeHusTa, cm

O6pasum / Accessions (Dose). plant number, da height of plants, cm

Xepbuunan / Herbicides g/mi/da R T. n R T. r
Szegedi 1023 203 | 581 | 0.122 | 2.14 | 3.15 0.242
GL15A 203 | 581 | 0.122 | 2.30 | 3.02 0.275
MIL6N 214 | 551 | 0.138 | 2.41 | 3.01 0.292
KoHTpona HeTpeTupaHa /Control untreated 1.97 5.70 0.119 192 | 3.35 0.195
gﬁgﬁmrﬁcgiﬁcaﬂ 80 190 | 591 | 0109 | 2.00 | 3.22 0.215
gi‘"ﬂ)’mg '3 Bﬂsﬁ 4+40 187 | 6.01 | 0104 | 1.87 | 3.44 0.182
giﬁi?frpo%ﬂ 10.0 187 | 598 | 0105 | 2.08 | 3.06 0.240
mgﬁﬂ]”glg’x’le:gég%c'( 42 187 | 594 | 0106 | 250 | 2.46 0.373
C:L{inslco%q 200 190 | 592 | 0108 | 2.18 | 2.94 0.264
'F_,'gg;'i‘i’;{‘;g?;ggg%‘;p 35+70 | 1.87 | 580 | 0.108 | 3.49 | 1.69 0.739

O6pasun / Accessions [o6uB cemeHa, kg/da Ob/DKUHA Ha MeTanuara, cm

Xe r6)v| Lvt| 1/ Herbicides seed yield, kg/da panicle length, cm

pouuMA R T, r R T, r
Szegedi 1023 1.75 | 445 | 0126 | 1.79 | 3.24 0.179
GL15A 1.77 | 440 | 0130 | 2.22 | 2.44 0.327
MIL6N 0.79 | 11.84 | -0.020 | 2.37 | 2.33 0.371
KoHTpona HeTpeTupaHa / Control untreated 2.01 3.78 0.184 1.87 | 2.72 0.231
Eﬁgﬁ;"ﬂ%:gfgcaﬂ 80 199 | 381 | 0181 | 177 | 2.86 0.200
g:;"’t‘mozg b Bﬂ;&” 4+40 | 188 | 398 | 0159 | 1.83 | 2.73 0.221
Cexatop Of / Sekator OD 10.0 0.39 | 2302 -0041 | 1.72 | 2.92 0.185
mgm"‘:lg’x’;e"{g;g%“ 42 177 | 396 | 0144 | 224 | 209 | 0385
f:igi"s'co%ﬂ 200 210 | 356 | 0208 | 1.94 | 2.56 0.259
EZE;‘%’:@@T;Q%‘;%‘? 35470 | 163 | 408 | 0120 | 255 | 1.78 0.525

Pesyntatute 0T aHanu3bT Ha
BCUYKM BK/IIOYEHM B M3C/IefBaHETO Xep-
ouuMan Mo CpefHM CTOMHOCTU Ha noka-
3aTesiMTe 1 M3Nos3BaHMTe KOeULMEHTH,
XapakTepusMpalliyM CesieKTBHOCTTa Ha
N3MOM3BaHUTE Xepburuman npu TeEXHUYEC-
KOTO copro (mMeTna), yC/A0BHO Morart ga
ce pasfensaT B ABe rpynu.

MbpBa rpyna cenektuBHu xepoéu-
umanm 3a 6opba cpelly AsycemeaesnHu
njesenn B NOCEBU HA TEXHUYECKO COPro
(meTna) (Byktpun yHusepcan — 80 ml/da,
BuatnoH 4D - 4 g/da + Jew — 40 mi/da 1
CekaTtop O — 10 ml/da, kakTo N ¢ KOM-

The results of the analysis of all the
herbicides included in the study on the
average values of the indicators and the
coefficients used, characterizing the
selectivity of the herbicides used in the
broomcorn, can be conventionally divided
into two groups.

A first group of selective herbicides
to weed control againts dicotyledonous
weeds in broomcorn (Buctril universal —
80 ml/da, Biatlon 4D + Dech — 4 g/da +
40 ml/da and Sekator OD — 10 ml/da as
well as with a combined action for weed
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O6uMHMpaHO pAelictBue 3a 6opba cpelly
efHocemMenenHn U ABycemefenHu nne-
Benn (layguc O, — 200 ml/da) n BTopa
rpyna ¢ OTHOCMTESIHO no-craba cenekTuB-
HOCT KbM KynTypaTa xepouumngn (MepavH
®nekc 480 CK — 200 ml/da n Macudmka
Bl u1 buonaysp — 35 + 70 ml/da) 3a
6opba cpelly eAHOrOAMLIHU XWUTHU U
€JHOrOAMLLHM LUMPOKOSIUCTHN NIEBENN.

Mpu npunaraHe Ha pasnnUyHU
MaTeMaTuKo-CTaTUCTUYECKN aHanmau,
MeToau U koedumumneHTn 3a onpegensiHe
Ha TreHoTUMHaTa 4yBCTBUTENIHOCT KbM
Xepomuugn Ha  TEXHUMYECKOTO  COpro
(veTna) ce oTunTa OTHOCMTENHATaA UM
CE/IEeKTMBHOCT, a [JeicTBuTenHarta, 4pes
MOHMWKEHNETO Ha MNPOAYKTUBHOCTTA Ha
CbOTBETHMA TEHOTUN C/fief TpeTupaHe C
Xepoémuuan npm KOHKPETHU arpoOMeTeopo-
NOTUYHU N egadVyHN YCNOBUS.

N3BOAV

MpunaraHeto Ha Xepbuumam cbe
CUCTEMHO [eiCTBME MpU TEXHUYECKOTO
copro (metna) (Sorghum vulgare var.
technicum Korn.) BykTpun yHuBepcan —
80 ml/da, buatnoH 4D — 4 g/da u CekaTop
O[], — 10 mi/da ca c Bucoka cenekTuBHOCT
KbM kyntypata (6an 1), gokato MepnuH
®nekc 480 CK — 42 ml/da n Nacudomuka Bl
n buonaybp — 35 + 70 ml/da npepgus-
BMKBAT YMepeHo-cuiieH (PUTOTOKCUYEH
egoekT (o1 3.0 go 5.5 6ana).

YCTaHOBEHM Ca TEeHOTUMHW pasnu-
YMsA MO OTHOLUEHWE CefIeKTUBHOCTTa Ha
xepouungnte MepnuH dnekc 480 CK —
42 mi/da n MNacudmka BI' n buonayvp —
35+70 ml/da. Haii-cnab ¢uUTOTOKCKMYEH
ebekT e ycTaHOBEH Npy mMecTHaTta nony-
nauna MI16N B cpaBHeHMe CbC cCOpT
Szegedi 1023 u wMecTHa nonynauus
GL15A.

Haii-cnabo e npoMeHeHa CKOpOCT-
Ta Ha Bb3npom3eoacTBo (R) npu mecTHa
nonynauusa GL15A (R ot 1.77 po 2.30) n
Hali-cunHo MI16N (R ot 2.14 go 2.41) (c
U3KYeHne npu copmMmmpaHe Ha gobusa
OT CeMeHa) B CpaBHeHWe CbC CcopT
Szegedi 1023, nog Bb3AeNCTBME Ha
NPUNOXEHNTE Xepouumnau.

control against monocotyledonous and
dicotyledonous weeds (Laudis OD — 200
ml/da) and a second group with relatively
less selectivity to the crop herbicides
(Merlin Flexx 480 SC — 42 ml/da and
Pacifica WG + Biopower — 35 + 75 ml/da)
to weed control against annual cereal and
annual broadleaf weeds.

After the application of various
mathematical and statistical analyzes,
methods and coefficients for determining
the genotypic sensitivity to broomcorn
herbicides, their relative selectivity is
taken into account and the actual by
decreasing the productivity of the
respective genotype after treatment with
herbicides at specific agrometeorological
and edaphic conditions.

CONCLUSIONS

Application of herbicides with
system activity to the broomcorn
(Sorghum vulgare var. technicum Kaorn.)
Buctril universal — 80 ml/da, Biathlon 4D —
4 g/da + Dash — 40 ml/da and Sekator OD —
10 ml/da are highly selective (score 1.0),
while Merlin Flexx 480 SC — 42 ml/da and
Pacifica WG + Biopower — 35 + 70 ml/da
produce a moderate-potent phytotoxicity
effect (score 5.5).

Genotypic differences have been
identified with respect to the selectivity of
Merlin Flexx 480 SC — 42 ml/da and
Pacifica WG + Biopower — 35 + 70 ml/da.
The weakest phytotoxic effect was found
in the local population MI16N compared to
the variety Szegedi 1023 and the local
popolation GL15A.

The lowest reproduction speed (R)
was established at the local population of
GL15A (R from 1.77 to 2.30) and the
strongest in MI16N (R from 2.14 to 2.41)
was the least (except for seed vyield
formation (R — 0.79) in variety Szegedi
1023) under the influence of applied
herbicides.
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Hali-BCOka TO/IEPaHTHOCT  KbM
NPUNOXeHNTE xepouungn (C N3KIYeHne
npu copmupaHe Ha Aobuea OT ceMeHa)
Ce ycTaHOBsIBa NPy MECTHWUTE nonynauun
GL15A u MI16N un wmoraT pga 6baar
N3MoN3BaHN, Kato KOMNOHEHTU B 6baeLum
Ce/IeKUMOHHN Nporpamu, a Hai-H1cka npu
copt Szegedi 1023.

YcTaHOBEHM ca Hali-BUCOKN Koedin-
UMEHTU B CKOPOCTTA Ha €eCTeCTBEHOTO
yBenuyeHue (r;) 1 npuM penpoayKkTUBHOCT-
Ta Ha npoyyBaHuTe ob6pasum (T.), T.e.
Hali-BMcokKata TO/IepaHTHOCT KbM npua-
raHuTe xepbuunam e yctaHoBeHa B MecCT-
HuTe nonynauum GL15A n MIL6N n morat
fa 6baat n3nonsBaHy Kato KOMMOHEHTU B
6baewnTe CcenekuMoHHM nporpamu, a
Ha-HUCKn npu copta Szegedi 1023.

YcTaHOBEHA € €eKBMBaJIEHTHOCT
MEeXAy CeNeKkTMBHOCTTa Ha xepbuungute
oTyeTeHa u4pe3 KOe(MUMEHTBLT Ha CKo-
pocTTa Ha Bb3nponseoacTeo (R) 1 ecTec-
TBEHOTO yBENMYaBaHe Ha nonynayuoHHa-
Ta NABTHOCT (r;), KAKTO M MO OTHOLUEHMUE
HapenpogyktusHocTtTa (T.) Ha npoydBa-
HUTE 0b6pasUM TEXHUYECKO copro (MeTna)
(Sorghum vulgare var. technicum Kérn.).

Highest tolerance to applied
herbicides (exception on seed formation)
is found in the local populations GL15A
and MI16N and can be used as
components in future selection programs,
and the lowest in the Szegedi 1023
variety.

The highest coefficients were
recorded in the population density
increase (r;) and the reproducibility of the
studied samples (T.), i.e. the highest
tolerance to applied herbicides was found
in the local populations GL15A and MI16N
an can be used as components in future
breeding programmes, and the lowest in
the Szegedi 1023 variety.

Equivalence has been established
between the selectivity of herbicides as
measured by the neproduction speed (R)
and Speed of natural increase of

broomcorn (r,) as well as reproducibility

(T): of test accessions broomcorn
(Sorghum vulgare var. technicum Kérn.).
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PE3IOME

Mpe3 nepnoga 2016-2018r. Ha onuT-
HOTO nose Ha kategpa PacTeHueBbACTBO
KbM ArpapeH yHusepcuteT - rp. lNnosgms
€ wu3BefeH onut no 610KOB MeTos B
yeTnpu NOBTOPEHMA C TPY copTa TPUTUKa-
ne Konoput (ctaHgapT), Mycana wu
Tpucmapt cnep npeflecTtBeHNK CTbHYO-
rneg v nnow, Ha napuesikute ot 15 m?>.
[eiicTBNETO Ha pacTUTe/IHUTE CTUMYNaH-
T Vitafer Algi (VA) n Vitafer Green (VG) e
npocnefeHo npu Aga pasUyHu XpaHu-
TenHn pexuma Ha nouysata: NgPsK, u
N12P1oKs. TpeTupaHeTo € pacTuTesiHu
CTUMYyNaHTU € Wu3BbpLUEHO BbLB (hasa
Hayano Ha BpeTeHeHe (BBCH 31). Llen
Ha HacToflLeTO u3cnegBaHe e pfa ce
YCTaHOBW B/IMAHMETO Ha MNPUNIOXEHUAT
XpaHuUTesleH pexum U TpeTupaHetTo C
pacTUTeNHN CTUMYNaHTN BBbPXY HAKOW OT
efleMeHTM Ha fobusa: BMCOUYMHA (Cm) Ha
pacTeHussTa n 6patumoctTa. OT Hanpase-
HUSA OUCNEPCUOHEH aHa/iM3 MOXeM [a

Accepted: 15.05.2019

Published: 28.06.2019

SUMMARY

During the period 2016-2018 year
on the experimental field of the Crop
Science Department at the Agricultural
University of Plovdiv a field experiment
was carried out according the block
method in four replications with three
triticale  varieties Kolorit  (standard),
Musala and Trismart after predecessor
sunflower and plot size of 15 m® The
action of the plant stimulators Vitafer Algi
(VA) and Vitafer Green (VG) was
conducted under two different nutrition
regimes of the soil: NgPsK, and NisP1oK,.
The plant stimulators were applied in the
beginning of stem elongation (BBCH 31).
The aim of the study was to determine the
influence of the applied nutrition regime
and the treatment with plant stimulators
on some yield components: plant height
(cm) and tillering.

From the dispersion analysis we can
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3aK/I0YNM, Ye TOPEHETO € OCHOBEH (hak-
TOp, KOWTO B Haii-ronsima cTeneH noenusisa
nuscnefBaHNTe KOMMOHEHTM Ha Jobusa
BMCOYMHA Ha Mocesa, 6poi 6paTtsa Ha m?,
Opoii KacoHOCHM CTbb/1a Ha m® n npo-
LeHTa Ha MpoayKTMBHa 6paTMMOCT, KaTo
pasnvkute Mexay OTAEeNHWUTe BapuaHTu
ca 3Ha4YMMn N CTaTUCTUYECKM [OKasaHu
3a ABYroguHUA nepuog Ha uscnefsaHe-
TO. BTOpy no 3HaummocT e chaktop copr,
cnefBaH OT (pakTtop TpeTupaHe C pacTu-
TeNHW ctumynaHTn. CpedHo 3a ABYro-
OVWHMA nepuog Ha uscnefsaHe npuso-
XEHUETO Ha pacTUTesIHUTe CTUMYNaHTu
Bogn ¢ 1.03 go 1.07%-THO yBenuyeHwue
Ha un3cnegBaHuTe napaMeTpu ChnpsAMo
HeTpeTupaHWTe BapuaHTu, kato npu 6poi
6paTa Ha m?, 6poii KNacoHOCHM CcTbbna
Ha m® 1 BMCOYMHA Ha noceBa Haii-fo6pu
pesyntatn ca nocturHatu B CrefcTeune
npunoxeHveto Ha VG, gokarto npu npo-
UeHTa Ha npoaykTMBHa 6patmmocT VA
BOAM [0 Hali-BUCOKWN pe3ynTaTtu.

KntoyoBn  gymu:  Tputukane,
pacTtuTenHn CTUMynaHT, KOMMNOHEHTN Ha
[obuea, TopeHe

YBO/,

Mopaan BWCOKUAT CU TEHETUYEeH
noteHuman 3a Aobue, yCTONYMBOCT Ha 60-
NecTn N BUCOKaTa XpaHuTesiHa CTOMHOCT
Ha doypaxa, TpuTukane Habupa Bce no-
rofiiMa nonynsipHocT. 3a nocTuraHe Ha
BWCOKM U CcTabunHu aobmsu ca Heobxo-
VMU He camo G/1aronpusTHU arpokau-
MaTU4YHM YC/MIOBMSA Ha palioHa, HO W
npaBusieH M36op Ha COpPT U arpoTexHuka
(Dobreva et al.,, 2018; Lalevi¢c and
Biberdzi¢, 2015).

XpaHUTENHUAT pexnmM Ha nouysara,
Cb34afeH OCHOBHO 4pe3 TOpPeHeTo e
OCHOBEH (hakTop B arpoTexHuyeckaTa
npakTvka, KOMTO BAUSE€ [AMPEKTHO WU
WHAVPEKTHO BbPXY arpoOHOMMWYECKUTE Xa-
PaKTEPUCTUKN.

Jlnncata Ha a30T ce oOTpassBa
HebnaronpuaTHO BbpPXy JAobuBa U Ka-
4yecTBOTO Ha npoaykuuaTa. MwuHepas-
HOTO TOpPEHe, B 4aCTHOCT a30THOTO Tope-
He TpsibBa Aa ca onpegensuw, ¢akTop B

conclude that the fertilization is a major
factor that most influences the studied
yield components plant height, number of
tillers per m?, number of stems per m” and
percentage of productive tillering, as the
differences between the different variants
are significant and statistically proven for
the two-year study period.

Second in importance is a factor variety,
followed by the factor treatment with plant
stimulants. Average for the two-year
period of the investigation the application
of the plant stimulants leads to 1.03 to
1.07% increase in the examined
parameters according to the untreated
variants, as by number of tillers per m?
number of stems per m? and plant height
the best results are achieved with VG and
by the percentage of productive tillering,
VA achieved the best effect.

Key words: triticale, plant
stimulants, yield components, fertilization

INTRODUCTION

Because of its high genetic
potential for yield, disease resistance and
high nutritional value of feed, triticale is
steadily gaining popularity.

To achieve high and stable yields are
necessary not only favorable agro-climatic
conditions of the area, but also right
choice of variety and agro-technology
(Dobreva et al.,, 2018; Lalevi¢ and
Biberdzi¢, 2015).

The soil nutrition regime, created
mainly through fertilization, is a major

factor in agro-technical practice that
directly or indirectly affects agronomic
characteristics.

Lack of nitrogen adversely affects
the yield and the quality of the production.
Mineral fertilization, especially nitrogen
fertilization, should be a determining
factor in triticale farming technology, as it
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TEeXHO/MOrMATa Ha OTriexaaHe Ha TpuUTwu-
Kane, 3alloTo MoB/MSABAT He camo [06u-
Ba Ha 3esieHa Maca ¥ 3bpHO, HO U Xpa-
HUTeNHaTa CTOMHOCT Ha hypaxa (Slovcov
and Setyaev, 2015).

A30TBLT Urpae 0co6eHo BaxxHa poss
npu ypaxHoOTO Tputukasie, Tbil kaTo
noBuLIaBa NPOAYKTUBHOCTTA Ha XMBOTHM-
Te (Kinaci and Giilmezoglu 2007; Lalevi¢
et al.,, 2012). Cnopesn Malakouti (2008)
NMPUNOXEHOTO MMWHEpPasIHO TOpeHe B
KOMBUHaUNA C MWKPOENEMEHTU YBesu-
yaBa He camMO gobusa, HO 1 nogob6psBa
XpaHuTesniHata CTOMHOCT Ha 3bPHOTO.
EdekTbT OT NPUIOKEHOTO a30THO TOPeHe
BbpXy [06MBa, HEroBUTE KOMMOHEHTU W
KayecTBOTO Ha 3bPHOTO 3aBucu OT
KIMMaTUYHUTE YCoBMA M OT usbpaHarta
cTapaterns Ha TopeHe (Gibson et al.,
2007; Pecio, 2010).

LlenTta Ha HacToALWOTO n3cnensaHe
€ [a yCTaHOBM BNSAHWETO Ha MUHepasl-
HOTO TOpPEHe MPU/IOKEHO MOYBEHO B [Be
pasnnyHu fo3u ¢ 1 6e3 NPUIoKEHNETO Ha
pacTUTENIHN CTUMYNAHTU BBPXY HAKOU
KOMMOHEHTW Ha [06UBa Ha TpUTKKase.

MATEPWNAN N METO4WA

[Moncku onut:

3a pga ce nocTurHart uenute Ha
n3cnegsaHeTo B nepuoga 2016-2018 .
Ha OnNnTHOTO nosie Ha Kategpa PacTteHune-
BbACTBO KbM ArpapeH yHueepcutet
Mnosane e 3as10keH noncku onut. 3nos-
3BaHW ca Tpu copTa TpuTukane: Konoput
(cTtangapTt), Mycana n TpucmapTt. OnuTbT
€ 3a/10XeH cnepf npealecTBeHNK C/TbHYO-
rnen, no 6/0KOB MeTOA B YeTUPU MOBTO-
peHua n nnow, Ha napuesikute ot 15 m?
cbC ceutbeHa Hopma oOT 550 kbnsemu
cemMeHa Ha m™. [leficTBMeTO Ha pacTuTen-
HuTe ctumynaHTu Vitafer Algi (VA), Vitafer
Green (VG) u HeTpeTMpaHaTa KOHTpona
(NT) e npocrnegeHo npu ABe pas/ivyHU
HMBa Ha MuHepasiHO TopeHe NgPsK, u
N1,P10K4. TpeTnpaHeTo c pactutenHute
CTUMY/IaHTU € W3BbPLIEHO BbLB (hasa
Ha4yas0 Ha BpeTeHeHe (BBCH 31).

Mokasatenu Ha NpoyvBaHe:

CTpykTypaTta Ha nocesa e onpepje-

affects not only yield of biomass and
grain, but also the nutritional value of the
feed (Slovcov and Setyaev, 2015).

Nitrogen plays a particularly
important role in forage triticale, because
it increases the animal productivity (Kinaci
and Gllmezoglu, 2007; Lalevi¢ et al.,
2012). According to Malakouti (2008), the
applied mineral fertilization in combination
with trace elements increases not only the
yield but also improves the nutritional
value of the grain.

The effect of the applied nitrogen
fertilization on the yield, its components
and the quality of the grain depends on
the climatic conditions and the selected
manure fertilization (Gibson et al., 2007;
Pecio, 2010).

The aim of the study is to determine
the impact of mineral fertilization applied
at two different doses into soil with and
without application of two different plant
growth stimulants on some triticale yield
components.

MATERIAL AND METHODS

Field trial:

In order to achieve the objectives of
the study during the period 2016-2018 on
the experimental field of the Crop Science
Department at Agricultural University of
Plovdiv was carried out an experiment.
Three triticale varieties were used: Kolorit
(standard), Musala and Trismart. The
experiment  was conducted after
predecessor sunflower, using the block
method in four replications and a plot area
of 15 m* with a sowing rate of 550
seedlings of m™. The effects of Vitafer Algi
(VA), Vitafer Green (VG) and the
untreated control (NT) were investigated
at two different levels of mineral
fertilization NgPsK> and N12P10K4. The
plant stimulants were applied in the
beginning of stem elongation (BBCH 31).

Indicators of the investigation:
The  sowing structure

was
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NeHa npegn npubupaHe BbB (hasza 3ps-
NIOCT 4ype3 npeacTaBuTesIHM Npobu ot 1/4
m*, KaKTo cneasa: 6poit pacTeHus u 6poi
6paTs Ha m®, 6poii KNACOHOCHU CTb6/A
Ha m® BUCOUMHA Ha NOCeBa, CM..

C uen ycTaHOBsIBaHe Ha CTaTUCTK-
Yeckn AOCTOBEPHW pas/IvKu Mexay U3nut-
BaHWTe hakTopu W TEexXHWTe HuUBa, €
13non3BaH TpPUKaKTOPEH [AMCNEPCUOHEH
aHanu3 . CTatuctnyeckata o6paboTka Ha
JaHHWTe e u3BbpLIeHa MNocpeacTBOM
naketa BMUOCTAT® (Penchev, 1988).

MoyBeHa K kaAMMaTU4YHA Xxapakre-
puctuka:

Cnopes Popova et al, (2012)
noysute Ha y4vyebHo-onuMTHaTa 6asa Ha
ArpapeH yHusepcuteT 1nosams ce onpe-
[enaT kaTo aslyBuasiHM, KOMTo 6GasnpaHo
Ha MexgyHapogHaTa kiacudmkauns no
®AO npuHagnexar KbM KareropuaTa
Mollic Fluvisols. Mpn Te3n cpeBHUTENHO
M1agu MOYBM NPOLECHT Ha no4vBoobpa-
3yBaHe Ce xapakrepusupa ¢ akymynauus-
Ta Ha 3pan xXymusna u cnabo XMMUYHO
M3BETPSAHE Ha MuHepanHata 4acT Ha
noysata. O6pasyBaHUAT NoYBEH npodun
e ot Ttumna AC-Go-Gr (Gyurov and
Artinova, 2015), kaTo MOLLIHOCTTa Ha
XYMYCTHUA XOpU30HT e 20-40 cm. Knuma-
TUYHMTE YCMOBMSA Cca pas3/iM4yHn npes
roguHute Ha uscnegsaHeTo (Tabnuua 1).

determined before harvesting at maturity
by representative samples of 1/4 m® as
follows: number of plants and number of
tillers per m?, number of spikelets per m?,
plant height, cm.

In order to detect statistically
significant differences between the tested
factors and their levels, three-factor
dispersion analysis was used. The
statistical processing of the data was
carried out through the BIOCAST®
package (Penchev, 1988).

Soil and climatic characteristic of

the region:
According to Popova et al. (2012)
the soils of the educational and

experimental base of the Agricultural
University of Plovdiv are defined as
alluvial, which, based on the FAO
international classification, belong to the
category Mollic Fluvisols. In these
comparatively young soils, the soall
formation process is characterized by the
accumulation of mature humus and low
chemical weathering of the mineral part of
the soil. The formed soil profile is of the
AC-Go-Gr type (Gyurov and Artinova
2015), with power of the humus horizon of
20-40 cm. The climatic conditions are
different during the years of the study
(Table 1).

Tabnuua 1. KnmmatuyHu ycnoBus npes roguHnTe Ha n3nnTBaHeTo
Table 1. Climate conditions during triticale vegetation

FoanHa Temnepatypa (cpeaHomeceuHo, °C)/ Temperature (monthly average, °C)
Year X Xl Xil | Il Il Y \Y \
2016/2017 10.8 6.6 2.2 -3.9 3.2 9.7 12.7 17.6 23.7
2017/2018 13.3 8.2 4.9 2.9 3.9 7.1 16.4 194 22.6
KnumarunyHa Hopma

Long-term average 12.9 7.2 2.2 -0.4 2.2 6.0 12.2 17.2 20.9

Banexw (cyma, mm)/ Precipitation (sum, mm)

2016/2017 5.6 32.9 24 70.1 111 47.9 26.1 52.7 154
2017/2018 70.4 47.6 23.7 21.7 96.7 45.5 24.9 112.3 14.4
KnumaTnuHa Hopma

Long- term average 40.1 48.4 44.3 42.1 32.7 38.2 45.1 65.3 63.4

PE3SYNTATU N OBCbXOAHE
PewaBalun 3a onpepensHe rone-
MUHaTa Ha gobuBa He ca BcuYku ¢oop-
MUpaHu cTbb61a unn obulata 6paTMMoCT,

RESULTS AND DISCUSSION
Determining for the yield quantity
are not all formed stems known as total
tillering, but the number of fully developed
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a 6poAT Ha Hanb/HO pasBuUTUTE CTbbNa
Unn npoaykTuBHata 6patumoct. OCHOB-
HUTE haKTopu, OT KOUTO 3aBUCK EHeprus-
Ta Ha bpaTeHeTo ca reHoTunHUTEe ocobe-
HOCTU W  arpokKNMMaTtuyHuTe YC0BUS,
Kato BNNSIHWME OKa3BaT CbLUEBPEMEHHO U
XpaHutesnHaTa nM/olw, Ha pacTeHUeTo,
KaKTO 1 NpuIoXKeHaTa arpoTexHuKa.

OT V3BbLPLIEHUS ANCMEPCUOHEH
aHanu3 (Tabnuua 2) cTaBa £CHO, 4e
OCHOBHUSAT (pakToOp, KOWTO OKasBa BAUS-
HWe BbpXy nokasatesnisi 6poii 6pata Ha m?
npes nbpeBaTa rogvHa Ha U3nuTBaHeTo, e
HMBOTO Ha TOpeHe, Nopaan Hali-ronamara
pasnvka mexany ABeTe HyBa Ha hakTopa
(145.33), KOUTO ca CTaTUCTUYECKN [OKa-
3aHM WM 3HaYMMM W ce pasnonarar B
OTAENHU CTATUCTUYECKN TPYNN.

Mpe3 BTOpara roguHa OT W3NUT-
BaHeTo, Mo-BMcOKata HOpMa Ha TOpPEHe,
OTHOBO BOAM A0 aHasIOrMYHK pe3ynTaTu.
BTopusT no 3HaYUMMOCT hakTop, KOWTO
OKasBa BNSIHUE BbPXY W3CeABaHus
nokasaren e cpaktopa COpT, Karo npes
BTOpara rogvHa OT  U3NUTBAHeTo
pasnvknuTe Mexgay KOH-Tposata u copt
TpucmapT ca Haii-ronemun (192.75).

OTHOBO 3a [ABYIOAWLLHWUAT NEpPUOL,
Ha M3NUTBaHEe Pas/IMKNTEe MeXay copToBe-
Te ca fokazaHu M aHanM3bT MocTass
Mycana n TpucmapT B oTAesiHa cTaTtuc-
TMYecka rpyna cnpsimo koHTposnaTta. [lo-
cnefeH no 3HavyeHne e (oaktop TpeTu-
paHe ¢ pacTUTeNHW CTUMYy/aHTW, nopaau
Hali-HUCKMTE pas3/iMKM B HMBaTa Ha dhak-
TOpa, KOUTO CbLO BOAAT [0 cTaTucTuyec-
KM 3HAUUMU Pas3/IMKM Mexay BapuaHTure.
AHA/IMIMYHO KaKTO Npu 6poii 6paTts Ha m’
W Npu 6poit KNACOHOCHM CTb6Ma Ha m?
TOPEHETO OKa3Ba Hai-rofiiMo B/IUSAHWE
BbpPXY Nokasatens 3a LenvsaT nepuog Ha
U3NuMTBaHe, Nopagun Hai-ronsmara passnu-
Ka B HuBata Ha paktopa (127.61 3a
nbpBaTa rogvMHa Ha u3nuTBaHeTo). bpoar
KNMACOHOCHM CTb6MA Ha M’ ce NoBNUsABA B
no-masika CTeneH OT copTa U CbOTBETHO
OT TPETUpPaHeTO C pacTUTESTHU CTUMYNaH-
TW, Kato OTHOBO KakToO W Npu NbpBuA
nokasaren pasukiTe B HuBaTa Ha
hakTopuTe ca 3Ha4YMMK U CTaTUCTUYECKN

stems or the productive tillering.

The main factors on which the tillering
energy is depending are the genotypic
peculiarities and agro-climatic conditions,
as well as the nutritional area of the plant
as well as the applied agro-technology.

From the performed dispersion
analysis (Table 2), it is clear that the main
factor affecting the number of tillers per
m? in the first year of the study is the level
of fertilization due to the greatest
difference between the two levels of the
factor (145.33), which are statistically
proven and significant and place the
variants in separate statistical groups.

In the second year of testing, the higher
fertilizer rate again leads to similar results.
The second most important factor
influencing the researched indicator is the
factor variety, whereas in the second year
of testing the differences between the
control variant and the Trismart variety
are the highest (192.75).

Again, for the two-year period, the
differences between the varieties have
been proven and the analysis set Musala
and Trismart in a separate statistical
group relative to the control. The less
important factor is the treatment with plant
stimulants due to the lowest differences
between the factor levels, which also lead
to statistically significant differences
between the variants. Analogically as by
number of tillers per m? fertilization has
the greatest impact on the indicator
number of stems per m” over the entire
testing period due to the greatest
difference between the factor levels
(127.61 for the first year of testing).

The number of stems per m? is influenced
to a lesser extent by the variety and
respectively by the treatment with plant
stimulants, as similar to the first indicator
the differences in the levels of the factors
are significant and statistically proven.
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foka3aHn.OT npeactaBeHUTe pesyntatiu,
MOXEM Aa 3ak/l4ynMMm, Ye copt Tpucmapt
6paTy Hal-MHTEH3MBHO Mpe3 ABYroAuL-
HUSA nepuopj, kato obpasyBa W Haii-MHOro
KTACOHOCHM CTb6Ma Ha m? (455), cneasaH
OT copT Mycana n Ha nocnegHo MACTO
cTaHgapTa. MpunoxeHneTo Ha pacTuTes-
HUTE CTUMy/aHTh BoauM C A0 1.07%-THO
yBENIMYEHNE HA M3cfefBaHuTe napamert-
py CNpsiIMO HETPEeTMpaHWTE BapuaHTy,

From the presented results we can
conclude that the variety Trismart tillers
most intensively during the two-year
period, forming the highest number of
stems per m® (455), followed by Musala
variety and lastly the standard. The
application of the plant stimulants leads to
1.07 % increase in the investigated
parameters according to the untreated
variants, as the effect of VG is better

kaTo edpekta oT VG e No-CU/IHO n3paseH. | expressed.

Ta6nuua 2. Bpoii 6pats u 6poii KNAacOHOCHM CTb6a/M? 3a nepuoaa 2017-2018r.
Table 2. Number of tillers and number of spikes/m” for the period 2017-2018 year

dakTopu M3TOYHKK Ha Bpoii 6patsa/m? Bp. K1acoHOCHU cTb6Ma/m?
Factors BapupaHe Nr of tillers/m? Nr of spikes/m?
Source of variation 2017 2018 CpegHo/AVG 2017 2018  CpepHO/AVG
Copr Konoput/Kolorit 633.41 622.66 628.03 386.58  459.50 423.04
Variety Mycana/Musala 682.32° 724.57° 703.44° 399.66 470.75° 435.20 ¢
Tpucmapt/Trismart ~ 727.07° 815.41° 771.24°¢ 425.66 ° 486.16 ° 455.91°
5% 3.82 2.35 3.08 3.83 5.07 4.45
LSD 1% 5.02 3.10 4.06 5.04 6.70 5.87
0.1% 6.44 3.99 5.21 6.47 8.56 7.51
TpeTupare NT 658.33C 708.91C 683.62 . 382.58 491.08C 436.83C
Treatment VA 689.91 724.16 707.03 412.80 506.41 459.60
VG 694.58 ©  729.57° 712.07° 417.24° 518.91° 468.07 ©
5% 3.82 2.35 3.08 3.83 5.07 4.45
LSD 1% 5.02 3.10 4.06 5.04 6.70 5.87
0.1% 6.44 5.99 6.21 6.47 8.56 7.51
TopeHe NsPsK2 608.27 691.66 649.96 340.16  477.38 408.77
Fertilization N12P10K4 753.60° 750.10 ° 751.85 ° 467.77° 533.54° 500.65 °
5% 3.12 1.92 2.52 3.13 4.14 3.63
LSD 1% 4.10 2.53 3.31 412 5.47 4.79
0.1% 5.25 3.25 4.25 5.28 6.99 6.13

2% 3nauumoct npu 5, 1 and 0,1%

ab.¢ significance at 5, 1 and 0,1%

HabnogaBaiikn pesyntatu-
Te OT HanpaBeHUSIT AUCMEPCUOHEH aHa-
M3, MOXEM fa 3akK/lounM, Ye Hain-rons-
MO B/IMSIHWE BbPXY NPOLEHTa Ha NPoaykK-
TMBHA OpPaTMMOCT OKa3Ba TOPEHETO
(Tabnuua 3). CpegHo 3a Lenus nepuog,
pasnukute B HMBaTa Ha dpaktopa ca
CTaTUCTUYECKN AOKa3aHW, KOETO MoCcTaBs
[ABETE HOPMW Ha TOpPEHe B OTAENHM cTa-
TUCTUYECKN Tpynu. BTopn no 3HaueHue e
hakTopbT COPT, cregBaH OT TpeTupa-
HETO C pacTUTESIHU CTUMYNaHTU, KbAeTo
3a pasnuka oT MbpBaTta rofavHa, koraTo
pas3nukuTe B HMBaTa Ha hakTopa ca Ao-
KasaHW Ha Haii-BMCOKa CTeneH Ha 3Ha-
ysnmocT (0.1%), npe3 BTOpata roauHa
[oKasaHMTe pas/iIMK1 Ca Ha HMBO Ha 3Ha-

Observing the results of the
dispersion analysis, we can conclude that
fertilization has the greatest impact on the
tillering productivity (Table 3). Average for
the whole period the differences between
the factor levels are statistically proven,
which places both fertilization norms in
separate statistical groups. Second in
importance is the factor variety, followed
by the treatment with plant stimulants,
where in contrast to the first year the
differences between the factor levels
were proven at the highest level of
significance (0.1%), in the second year
the differences were proven at the level
of significance 1%.
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ynmoct 1 %. [saTta pacTuTesiHn CTUMY-
naHTa BOAAT [0 CXOAHO YBeNuyeHue Ha
npoLueHTa Ha npoaykTMBHa 6paTyMocT,
Makap ¥ C MUHMMasiHa pas/ivka cpefHo
3a nepuoga edekra OT NPUIOKEHNETO Ha
VA e no-ronam. Bobnpekn uye, npu
TpucmapT ce perncTpupa Ha-UHTE3UBHO
bparteHe c Hali-ronsam 6poi 6pata n 6poii
KMACOHOCHM CTb6Ma Ha m?, npoLeHTa Ha
NnpoAyKkTMBHaA 6paTMMOCT € Hai-BUCOK
npu ctaHgapTa v npes ABeTe rofuHU Ha
U3NUTBaHETO.

Tabnuua 3. lMpoayKTuBHa 6GpaTtumMocT
nepuopga 2017-2018r.

Both plant stimulants lead to similar
increase in the percentage of productive
tillering and even though the minimal
difference, average for the period the
effect of the application of VA is better
expressed. Although Trismart variety
recorded the most intensive tillering
ability with the highest number of tillers
and number of stems per m? the
percentage of productive tillering was the
highest by the standard in both years of
the investigation.

(%) v BucoumHa Ha noceBa (cm) 3a

Table 3. Productive tillering (%) and plant height (cm) for the period 2017-2018

year
MpopaykTnBHa 6paTumocT BucouunHa Ha nocesa
$akTopu M3TOYHWMK Productive tillering (%) Plant height (cm)
Factors Ha BapupaHe CpegHo CpegHo
Source of variation 2017 2018 AVG 2017 2018 AVG
Copt Konoput/Kolorit 61.86 73.48 67.67 103.72 115.49 109.60
Variety Mycana/Musala 58.80° 64.47° 61.63° 104.17™ 121.09™ 112.63™
Tpucmapt/Trismart  57.85° 72.23°  65.04° 98.24 ¢ 119.56"™ 108.90 "
5% 0.87 0.867 0.87 0.589 9.491 5.334
LSD 1% 1.20 1.19 1.20 0.925 12.493 6.709
0.1% 1.64 1.63 1.64 1.574 15.93 8.752
NT 57.70 69.37 63.53 98.10 115.09 106.59
Tpetvparie VA 60.55° 70.88° 6571° 10452° 117.00™ 110.76 ™
Treatment c b c c ns b
VG 60.24 70.99 65.61 103.52 124.04 113.78
5% 0.87 0.867 0.87 0.589 9.491 5.334
LSD 1% 1.20 1.19 1.20 0.925 12.493 6.709
0.1% 1.64 1.63 1.64 1.577 15.93 8.753
TopeHe NsPsK2 56.85 68.90 62.87 94.85 113.63 104.24
Fertilization N12P10K4 62.16° 71.21° 66.68° 109.24°  123.79° 116.51°
5% 0.71 0.708 0.71 0.48 7.751 4.11
LSD 1% 0.98 0.97 0.98 0.755 10.201 5.47
0.1% 1.34 1.33 1.33 1.283 15.012 8.147

% 3paummoct npu 5, 1 and 0,1%; ™ HeaHauum

significance at 5, 1 and 0,1%; " non-significant

ab,c

OTHOCHO  BMCOYMHATa Ha
rnocesa, MOXeEM Aa 3ak/louuM, ye npes
nepuoga Ha M3NMTBaAHETO TeHAeHuuATa
ce 3anassa W Haii-rosiimMo BAnsiHME BbPXY
nokasatens okasa (paktopa TOpeHe,
KOMNTO BOAM A0 CTATUCTMYECKM AOKasaHu
N 3HAYMMU Pas/IKM MeXay BapuaHTuTe.
Mopaan 6nn3kMTe HMBA Ha (hakTopa copT
camo npes3 nbpBata roguHa Ha aHamsa
HabnaaBaMe gokasaHy pas/fimku Mexay
KOHTponarta u copT TpucMapT, a pasnu-
KUTE Mexay ocTaHanuTe BapuaHTW ocTa-
BaT HegokasaHu. TpeTMpaHeTo C pacTu-

Regarding the plant height,
we can conclude that during the tested
period the trend is preserved and the
factor fertilizer has the greatest influence
on the indicator, which leads to
statistically proven and  significant
differences between the variants. Due to
the close levels of the factor variety only
in the first year of the analysis, are
observed proven differences between the
control and the Trismart variety and the
differences between the other variants
remain unproven. The treatment with
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TENHN CTUMYNaHTU BOAM [0 [OKasaHu
pasnvkn mMexay BapuaHTuTe camo npes
nbpBaTa roguHa Ha usnutsaHeto. Cpef-
HO 3a ABYroguvlIHMA Mepuof Hain-gobpu
pesyntatn ca nocTurHatu, BCleacTBue
npunoxeHneto Ha VG, CpaBHEHO C
HeTpeTVpaHns BapuaHT.

CopTt Mycana ce xapakrepu-
3Mpa C Haii-BMCOKM CTOMHOCTM Ha Moka-
3arena n npes3 ABeTe roAWHU Ha Mpoyu-
BaHeTo, cfiefBaH OT cTaHfapTa U Hakpas
copt Tprcmapr.

N3BOAN

OT HanpaBeHVsi  AWNCMEPCUOHEH
aHa/In3 MOXEM fga 3akniuyum, ye Tope-
HETO € OCHOBEeH (pakTop, KOWTO B Haii-
rofisiMa CTerneH NoOB/vsiBa M3criefBaHuTe
KOMMNOHEHTU Ha p[obuBa BMCOYMHA Ha
nocesa, 6poii 6paTsa Ha m’, Gpoii Knaco-
HOCHW CTb6NA Ha M’ 1 NPOLLEHTa Ha npo-
OYyKTUBHA 6paTvMOCT, KaTo pas/imkiTe
MeXay OTAENHWUTE BapuaHTh ca 3HauMMu
N CTAaTUCTUYECKN [OKa3aHW 3a ABYroamiu-
HWS Nepuog Ha u3cneggaHeTo. Btopu no
3HAYMMOCT € pakTop COopT, CregBaH oT
(pakTop TpeTupaHe C pPacTUTEsSTHN CTUMY-
naHTn. CopT TpucmapT 6patu Hal-MHTEH-
3UMBHO Mpe3 ABYrOAVLLHUS MEPVOA, KaTo
ob6pasyBa 1 Hali-MHOro K/1laCOHOCHU CTbO-
na Ha m°, cnefpaH ot copT Mycana n Ha
nocnegHo MsACTo craHgapta. OTHOCHO
BMCOYMHATA Ha pacTeHusATa, copT Mycana
Ce xapakrepusupa ¢ Hai-BMCOKMN CTOIHOC-
TV Ha nokasaTens, cnefBaH OT cTaHAapTa
1 Hakpas copT TpucmapT.

plant stimulants leads to statistically
proven differences between the variants
only in the first year of the analysis. On
average, for the two-year testing period,
the best results are achieved due to the
application of VG, according to the
untreated variants.

Musala is characterized by
the highest values of the indicator during
the both years of the investigation,
followed by the standard and finally by
the Trismart variety

CONCLUSIONS

From the dispersion analysis we
can conclude that the fertilization is a
major factor that most influences the
studied yield components plant height,
number of tillers per m?, number of stems
per m® and percentage of productive
tillering, as the differences between the
different variants are significant and
statistically proven for the two-year study
period. Second in importance is a factor
variety, followed by the factor treatment
with plant stimulants. The Trismart variety
tillers most intensively during the two-year
period, forming the highest number of
stems per m?, followed by Musala variety
and lastly the standard. Regarding the
plant height, for the two-year testing
period, Musala is characterized by the
highest values of the indicator, followed
by the standard and at least by the
Trismart variety.
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PE3HOME

HeratvBHu nocnegvun oOT Aeid-
CTBMETO Ha BOAHAaTa epo3ust Ha moyesaTa
ca 3aryba Ha noyBa, HamasisiBaHe Ha
KOpeHoo6GuMTaemus c/ioii, 3aryba Ha opra-
HWYHO BELLECTBO, YM/TbTHABaAHE, HaMasis-
BaHe Ha Briarosajbpxaliara Cnoco6HOCT,
3aryba Ha  XpaHuTeNnHu  efleMeHTW.
MMoYBEHO-KIMMATUYHUTE  YCNOBUA  Ha
Bbnrapua cnocobctBar 3a WHTEH3MBHO
NnposiBIEHWE Ha BOAHA €po3usi, KOATO
3acara okono 65% o1 3emepgenckute
3emun. EguH OT HaumHUTE 3a 3awmTa Ha
3emMefesickiTe 3eMu OT epo3us e npunia-
raHeTo Ha NPOTUBOEPO3MOHHA arpoTeXHK-
Ka, BKMKOYBALLA Pa3IM4yHN MEPKW, METOAN
N TEXHOJOTUN.

B HacToAWOTO wu3cnegBaHe ce
npaBn aHaM3 Ha 3aryoute Ha [OCTbMHU
hopmmn Ha dhocdiop U Kauii, npu npuna-
raHe Ha TPagULMWOHHU (KOHBEHLMOHA/THW)
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SUMMARY

Negative impacts of soil water
erosion are loss of soil, reduction of root
spreading layer, loss of organic matter,
compaction, reduction of moisture
retention capacity, loss of nutrients. The
soil and climatic conditions in Bulgaria
contribute to manifestation of intensive
water erosion that affects about 65% of
the agricultural lands. The major impact of
water erosion on soil productivity is due to
loss of nutrients. One way to protect

agricultural lands from erosion is the
application of erosion control agro-
technologies, including various agro-
technical measures, methods and

technologies.

In the present study we analyze the
loss of available forms of phosphorus and
potassium, applying conventional and soil
protection technologies in the cultivation
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N MOYBO3ALMUTHU TeEXHONOrun (YCbBbp-
LEHCTBAHN TEXHOIOMUM 38 MUHUMaIHA U
HeTpagMumoHHa obpaboTka) Npy OTrex-
JaHe Ha MnweHuua Ha Hak/IoOHEeHW 3eme-
fenckn 3emu. MscnegsaHeTo e nposege-
HO B nepuoga 2015-2017 roguHa, B ONuUT-
HOTO MoJsie Ha VIHCTMTYT No MOYBO3HAHWE,
arpoTeXHOONMN U 3aliMTa Ha pacTeHusTa
-Hvkona Myuwkapos” - CodumsA, B 3eM/u-
LeTo Ha c. TpbCTeHUK, obnacT Pyce, npu
HEMOMIMBHN YC/I0BUS, HA CPedHO epo3u-
paH kapboHaTeH YEPHO3EM C HakK/IOH Ha
TepeHa 5° (8,7%).

Mpu npunaraHe Ha TPagULMOHHK
006paboTKM MO Hak/IOHA Ha CKMNoHa ca
YCTAHOBEHM Hai-BMCOKM 3arybum Ha [o-
CTbMNHN hopMK Ha POCOP U Kasunii, KaTo
CpefgHo 3a TpuTe roavHU Te ca 6unn
cboTBeTHO 1,25 kg/ha n 6,39 kg/ha. Mpwu
npuiaraHeTo Ha NOBBbPXHOCTHO My/yMpa-
He, BBbMpPEKM HamaseHuss obem Ha no-
BbPXHOCTHMSA BOAEH OTTOK U KOIMYECTBO-
TO Ha epo3upaHaTta no4Ba, BUcokaTa KOH-
UeHTpaums Ha doocdop U Kanuii B TsX,
BOASAT po 3aryom ot 0,87 kg/ha n 3,94
kg/ha. Haii-Huckn ca 3arybute Ha Tesu
e/leMeHTU Npu BapuaHTa ¢ npuiaraHe Ha
MWHUMa/IHM  06paboTKM U  BEepPTUKA/IHO
mMynuupaHe 0,43 kg/ha 3a c¢occhop 1 2,10
kg/ha 3a kanus.

KntoyoBn pymun: BogHa eposus,
3aryb6a Ha focTbnHW dhopmm Ha dpocdop
N Kanuid, MUHUMaNHAW  06paboTKu,
BEPTUKA/THO 1 MOBBPXHOCTHO MynyMpaHe

yBO/[,

Haii-BaXxHMAT npmpojeH pecypc, C
MbpPBOCTEMNEHHA PONA 3a M3XpaHBaHe Ha
HaceneHveTo, e noysara. Ta e He3ame-
HVYM, HEBB30OHOBMM, OrpaHuyeH npupo-
JeH pecypc ¥ HauuoHanHo 6oraT-CcTBO
(Nekova and Stoinova, 2018). N3nbaHABa
K/HOY0BM 3a npupogara M O6LLEeCTBOTO
OYHKUMK, HalA-BaXKHUTE OT KOUTO ca CBbp-
3aHU C NPOM3BOACTBOTO Ha XpaHa u 6uo-
Maca, KakTo U CbC CbXxpa-HeHve, punTpu-
paHe u TpaHcdopmaums Ha BellecTBa U
eHeprus (Rousseva et al., 2014).

OcurypsBa xpaHuWTefNHW BellecTBa
KaTo asoT, hocdop, kanuii, kanuuii, mar-

of wheat on sloping agricultural lands.

The survey was conducted in the period
2015-2017, in the experimental field of the
Institute of Soil Science, Agrotechnologies
and Plant Protection “Nikola Pushkarov”
Sofia, on the territory of the village of
Trastenik, Rousse district, on a medium
eroded calcareus chernozem  with
inclination of 5° (8.7%).

It was found that the losses of
available forms of phosphorus and
potassium in variant with conventional soil
tillage, applied along the slope were the
highest, with an average of 1.25 kg/ha
and 6.39 kg/ha, respectively. In the case
of surface mulching, despite the reduced
volume of surface water runoff and the
amount of eroded soil, the high
phosphorus and potassium concentration
in them resulted in losses of 0.87 kg/ha
and 3.94 kg/ha respectively. The lowest is
the loss of these elements in the variant
with advanced system for minimum and
unconventional soil tillage and vertical
mulching with manure, where they are
0.43 kg/ha for phosphorus and 2.10 kg/ha
for available potassium.

Key words: water erosion, loss of
available forms of phosphorus and
potassium, minimum tillage, vertical
mulching, surface mulching

INTRODUCTION

Soils are an indispensable natural
resource. It is an irreplaceable, non-
renewable, limited natural resource and
national wealth (Nekova and Stoinova,
2018). It performs key functions for nature
and society, the most important of which
are related to the production of food and
biomass, as well as the storage, filtration
and transformation of substances and
energy (Rousseva et al., 2014).

They provide nutrients such as
nitrogen, phosphorus, potassium, calcium,
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Hes3ui, cApa U MUKPOENEMEHTU 3a Ha-
TpynBaHeTO Ha 6Momaca B eCTeCTBEHUTE
n arpapHu ekocuctemn. OT 50-Te roguHun
Ha MUHaNMA BEK, yBE/IMYEHNETO Ha J06u-
BUTE M MPOLYKTMBHOCTTA Ha no4ysute, ce
noaabpxa 4ypes MUHepasHO TopeHe. Bb-
npekn TOBa, MHTEH3UMKauusaTa Ha W3-
NMo/3BaHETO Ha 3eMWUTE B MHOTO PErMOHU
BOAM OO HaMasiiBaHE Ha CbAbpPXaHMETO
Ha OpraHW4yHM BeELWeCTBa, a LWMPOKOTO
M3MoM3BaHe Ha MWUHEpPasTHU TOpPOBE BOAU
[0 3aMbpcsiBaHe Ha atMmoccpeparta, nosu-
LWaBaHe Ha eMUcu1Te Ha NapHMKOBU raso-
Be (Hanpumep CO, n N,O), eyTpochmka-
LUus Ha BOAWTE U PUCKOBE 3a 34paBeTo Ha
yoeka (Galloway et al., 2008).

B pesyntaT Ha Hee(eKTUBHOTO
yCBOSIBAHE Ha NPUIOXKEHNS C MUHEPASTHO
TopeHe hocgop, ce nsuncnsaea, Ye Koau-
yecTBara My, KOUTO Ce M3HACHAT OT CyXo-
3eMHNTE eKOCUCTEMU ca Ce YyTPOW/K, Koe-
TO UMa 3HAYMTENIHO HEraTMBHO Bb3Ael-
CTBME BbPXY OKOsHaTa cpega (Bennett et
al., 2001). KanuATt e WMpoKo pasnpocTtpa-
HEH efleMeHT B npupogaTta W KOHUeHTpa-
uusaTa My B nousuTe e Bucoka. Mo Tesu
NPUYMHK, Ha 3arybuTe Ha TO3M e/IeMEHT e
06pbLLAHO NO-Masiko BHUMaHue. Hesasu-
CMMO OT TOBa, Tbli Kato KaMAT He ce
CBbp3Ba C OPraHWYyHM MarTepwanau, TOoW
MOXe Aa Ce M3MMe AUPEKTHO OT nmo4ysaTta
ype3 MOBLPXHOCTHWUA BOAEH OTTOK U
eposvpaHaTta no4ysa, KOeTo MnpegcTasns-
Ba NoTeHuuasiHa MKOHOMUYecka 3aryba 3a
3emefesickiTe CTonaHn 1 Boan Ao Heba-
NaHcupaH XpaHuTesieH cTaTyc Ha noysara
3a pacTtexa Ha pacteHusTa (Bertol, 2003).

Ffonsma 4act oOT 3arybata Ha
XpaHWTesIHW BelecTBa OT noyBara ce
Ob/MKN Ha [OelicTBMETO Ha BogHaTta epo-
3Usl, KOETO HenocpeacTBEHO MOHWMXaBa
HaTpynBaHeTo Ha 6uomaca. Cnopep, npo-
yuBaHuMATa, B pe3ynraT Ha SENCTBUETO Ha
BOZHO-EPO3MOHHNTE NpoLEecu, ce Habsto-
JaBa cnajaHe Ha f[o6uBMTe Ha 3eme-
penckurte kyntypu mexay 0,1 n 0,4%. Ako
CpefHOoroAMIWHOTO HamasieHve Ha [obu-
Bute e ¢ 0.3% 1 TO e efHaKBO 3a nepmnoga
ot 2015 pgo 2050 r., npu 1,53 munnapga
ha obpaboTBaemMn 3eMn B CBETOBEH Ma-

magnesium, sulfur and trace elements for
the accumulation of biomass in natural
and agrarian ecosystems. Since the
1950s, an increase in vyields and
productivity of soils has been maintained
through mineral fertilization. However, the
intensification of land use in many regions
leads to a decrease in the content of
organic matter, and the widespread use of
mineral fertilizers leads to pollution of the
atmosphere, increased greenhouse gas
emissions (CO, and N,O), water
eutrophication and risks for human health
(Galloway et al., 2008).

As a result of the inefficient use of
mineral phosphorus applications, it is
estimated that the amount of phosphorus
exported from terrestrial ecosystems has
tripled, which has a significant impact on
the environment (Bennett et al., 2001).

Potassium is a widespread element in
nature and its concentration in soils is
high. For these reasons less attention has
been paid to the loss of this element.

Nevertheless, since potassium is not
associated with organic material, it can be
washed directly from the soil through
surface water runoff and eroded soll,
which is a potential economic loss for
farmers, and lead to unbalanced
nutritional status of the soil for plant
growth (Bertol, 2003).

Much of the loss of nutrients from
the soil is due to the action of water
erosion, which directly leads to a
decrease in the accumulation of biomass.
According to the studies, as a result of the
action of the water erosion processes,
there was a decrease of the yields of the
crops, between 0.1 and 0.4%.

If the average annual yield reduction is
0.3% and is the same for the period from
2015 to 2050, at 1.53 billion hectares of
arable land in the world, loss of yields due
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wab, 3arybara oT 4OOMBUTE, Ab/XALLM Ce
Ha epo3usi, 6 buna ekBMBas/IEHTHA Ha OT-
CTpaHsABaHETO OT pekonTupaHe Ha 4,5 Mu-
NMoHa ha 3emefencky naoLy exerog-Ho
nnn Ha 150 MmunnoHa xektapa 3a nepuoga
0o 2050 roguHa (Foley et al., 2011).

MoYBEHO-KIMMATUYHUTE  YCNOBUSA
Ha Bbarapusa cnocobcTBaT 3a UHTEH3NBHO
NposiB/IEHWE Ha BOAHA €po3usi, KOATO
3acara okono 65% o1 3emepgenckute
3emu. Cnopepg Rousseva et al. (2011) B
Bbnrapysa MNpOrHO3HUTE CPeAHOroAMLLIHM
NOTEeHUMaTHN NOYBEHMN 3arybu oT njaoLwHa
BOAHa epo3ns Bb3nu3ar Ha 902,5 MiH.
TOHa.

3a 3awmTa Ha 3emMepesickuTe 3emu
OT [eliCTBMETO Ha TO3U AerpajauvioHeH
npouec ce paspaboTBaT U npunarar pe-
Avua arpoTeEXHUYECKN MEPKU U TEXHONO-
M. BogHata eposus npuumHsaBa 3aryba
Ha XpaHWUTEeNHW €JIEMEHTN W OpraHnyHo
BELLECTBO, KaTO Haii-CUMIHO e ToBa Hera-
TMBHO Bb3JeiCTBME MPU M3MOS3BaHE Ha
KOHBEHUMOHasTHM 06paboTkn (Bertol, 2003).

Cnopeg Muukkonen et al., Hyne-
BUTE 00paboTKM ca epeKkTMBEH MeTof 3a
HamasisiBaHe Ha epo3usiTa 1 3aryoute Ha
dochop € NOYBEHUTE YaCTUUU, HO
HaTpynBaHeTo Ha dpocchop B Hali-ropHUs
MOYBEH C/IO/A W MOBUWIEHUAT PUCK OT
N3MMBAHETO MYy C MOBBbPXHOCTHUA OTTOK,
HamansBa eKosIoTMYHUTE MOM3N OT Hyre-
BUTE 00paboTKN. 3a Aa ce npeaoTepaTu
eposvATa M U3HACAHETO Ha [OCTbIMHU
opmn Ha dhocdop, TpsAbBa pa ce
rapaHTypa paBHOMEPHO MPOHUKBaHeE Ha
BOZa 4pe3 nofobpsiBaHe Ha CTpykTypaTta
Ha nousarta (Muukkonen et al., 2008).

B Hawarta cTpaHa ca pa3paboTeHu
peavua TEXHOOTUKU 3a KOHTPON Ha BOA-
HaTa epo3ns M 3a npefgoTBpaTsiBaHe Ha
HeraTMBHUTE NOCMEeAULN BbPXY NMOYBEHO-
TO NN0AOPOANE B pe3ynTar Ha NnpoTuyaHe
Ha epo3noHHUTEe npouecn (Beloev et al.,
2008; Dimitrov et al., 2008; Dimitrov et al.,
2009; Beloev et al., 2011).

Llenta Ha HacToOALOTO NpoyyBaHe
e [a ce ycTaHoBAT 3arybute Ha dpocdiop
W KasIuid, Npuy OTrexgaHe Ha nueHuya Ha
HaK/TOHEHW TEpPEHU, C npunaraHe Ha Tpa-

to erosion, would be equivalent to harvest
removal of 4.5 milion hectares of
farmland annually or 150 million hectares
for the period up to 2050 (Foley et al.,
2011).

Bulgaria’'s soil-climatic conditions
contribute to the intensive erosion of
water, affecting about 65% of the
agricultural land. Now, in our country,
according to Rousseva et al. (2011), the
estimated average annual potential soil
losses from surface water erosion totaled
902.5 million tonnes.

In order to protect agricultural lands
from the action of this degradation
process, a number of agro-technical
measures and technologies are being
developed and applied. Water erosion
causes loss of nutrients and organic
matter, and the most severe is the
negative impact of using conventional
tillage (Bertol, 2003).

According to Muukkonen et al.,
Zero treatments (NT) are an effective
method of reducing erosion and
phosphorus (PP) losses with soil particles,
but the accumulation of phosphorus in the
upper soil layer and the increased risk of
leach it with surface runoff decreases the
environmental benefits of zero tillage. In
order to prevent soil of erosion and the
removal of available forms of phosphorus,
uniform  water  penetration through
improved soil structure should be ensured
(Muukkonen et al., 2008).

A number of technologies have
been developed in our country to control
water erosion and to prevent the negative
effects on soil fertility as a result of
erosion processes (Beloev et al., 2008;
Dimitrov et al., 2008; Dimitrov et al., 2009;
Beloev et al., 2011).

The aim of the present study is to
determine phosphorus and potassium
losses, wheat growing on sloping terrain
using conventional and soil protection
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OVUMOHHM 1 NOYBO3ALLUTHU TEXHOIOMNK,
npu oTrnexgaHeto U Ha KapboHaTeH
yepHo3eMm.

MATEPWNAN N METO4WA

V3cnepBaHeTo e nposefeHo B ne-
pvoga 2015-2017r., B ONMTHOTO MNoJie Ha
VIHCTUTYT NO no4yBO3HaHWe, arpoTexHoso-
Tmn n 3awmta Ha pacTteHuaTa ,Hukona
MywkapoB” - Codns, B 3eMINLLETO Ha C.
TpbCTeHUK, 06nacT Pyce, npy HENO/MBHU
yCNoBUS, Ha CpefHO epo3npaH kapboHaTeH
UepHO3EM C HaK/oH Ha TepeHa 5° (8,7%).

Vi3BegeH e nosickM onut C nue-
HWUa, no 6M10KOBWSA MeToh, B 4eTupu
BapuaHTa 1 YeTupu NoBTOPeHNs. BapuaH-
TUTE Ha onuTa ca:
1-noceB nuweHuya, oTrexaaH no Tpagu-
LMOHHA TexHosIorng, npwiaraHa no
HaK/10Ha Ha CK/I0Ha — KOHTPONa,

2-noces nuweHuua, oTrIexgaH no
Tpagu-UMOHHA  TEXHOMorus,  npunaraHa
Hanpey-HO Ha HakoHa Ha CK/I0Ha,;

3-noceB nuweHuua, OTrIeXaaH no
noyBo-3allMTHa TEexXHOorMs, BK/IOYBaLLA
Nnpo-TMBOEPO3MOHHATA MspKa
NMOBBLPXHOCTHO MynuyupaHe ¢ 06opcKu Top,
npunaraHa HanpeyHo Ha Hak/loHa Ha
CK/IOHa,;

4-noceB nuweHnUa,
YCbBbp-LUEHCTBaHA noyso3almnTHa
TexHonorma  (Dimitrov et al.,, 2016),
BK/IlOYBaLLA NPOTU-BOEPO3NOHHUTE MEPKM
BEPTUKASIHO Myf-yMpaHe ¢ 06OpckM Top K
OVpeKkTHa  ceuT-6@, Kakto U HAKOMU
pacTuTenHo 3alMTHU onepauun 3a 6opba c
nnesenuTe, He-npuatTenute n 6onectute no
pacTeHusTa, MnpunaraHa HanpeyHo Ha
CK/IOHa.

Mpu BapuaHT 3 ce M3BbPLUBA AOMNb/I-
HUTENHO NpeAcenTOEeHO NOBBPXHOCTHO My/-
ynpaHe ¢ obopckn Top (4500-5000 kg/ha) ¢
TopopasnpbeckBallo pemapke 1 MTY-6.

Mpun nocnegHna  4-TM  BapuaHTt
npeacentbeHo, HanpeyHo Ha CKIoHa, e
OCbLLECTBEHO BEPTUKaSIHO (BbTPELLUHOMNOY-
BEHO) My/uupaHe ¢ 060pcku Top, NO JieH-
ToBa cxema (pascTosiHie Mexay npopesu-
Te 1,4 m n uHTEepBasl Mexay NeHTuTe B
noseto 3 m) Ha Absb6ounHa 0,40 m c no-
MOLLTa Ha NPeycTpoeHus npopesBay Xono-
ob6pasysartes LWLH 2-140 ¢ 6yHKkep 3a My/u.

oTrnexaaH no

technologies, soil calcic chernozem.

MATERIAL AND METHODS

The research was conducted in the
period 2015-2017y., in the experimental
field of the Institute of Soil Science,
Agrotechnology and Plant Protection “Nikola
Pushkarov®, on the territory of Trastenik
village, Rousse district, at non-irrigated
conditions, on average eroded calcareous
chernozem, with slope 5° (8.7%).

Field trials with wheat are in four
variants, in four replicates, under block
method. The variants of the experiment
are the following:

1% variant — wheat plots, grown by
conventional technology, applied along
the slope — control;

2" crop — wheat plots, grown by
conventional technology, applied across
the slope;

3" — wheat plots, grown by soil protection
technology including the erosion control
measure — surface mulching with manure,
applied across the slope

4™ — wheat plots, grown under the
advanced soil protection technology
(Dimitrov et al., 2016) including erosion
control measures vertically mulching with
manure and direct sowing, as well as
some plant protection operations to
control weeds, pests and plant diseases,
all operations applied across the slope.

In variant 3, additional pre-sowing
surface mulching with manure (4500-5000
kg/ha) was carried out using a fertilizer
trailer 1 PTU-6.

Vertical mulching, in variant 4, was
accomplished across the slope, pre-
sowing with the reconstructed machine
cutter-dead furrower SHTN 2-140 with
bunker for mulch (with a distance between
the pair of slits 1.4 m and a band intervals
3 m in the field) at a depth of 0.40 m.
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3a onuta e wu3nonssaHa nnow, c
npeALlecTBeEHVK LapeBuua 3a 3bpHo. A3-
BbpLUBAHO € OCHOBHO TopeHe C NisP1oKg
kg/da, kaTo e BHACSHO LSANOTO KOsiMyec-
TBO Ha ¢hocchopHute (cynepdiocdpar) u
Kannesute (kanmeB Xxsopua) TOpoBe
npeg-centbeHo, a a3oTHUS Top (amoHue-
Ba cenutpa) e pasfensH, kato 1/3 ot
HEero e BHECEHO NpeAcenTbeHo, a ocTaHa-
nvte 2/3 noagxpaHBallo — npes3 nponetra.

Epo3uoHHMTE U3MepBaHMA ca Ha-
npaBeHM MO CTauMOHapHMSA METOog, KaTo
3a BCEKW BapuaHT ca usrpaxpgaHu oTTouy-
HU nowankM ¢ pasmepu 15m x 5m u
nnowy 75 m” 1 KoHTeliHepn 3a CbbupaHe
Ha OTTOKa.

Konnuectsata Banexu, n3bpoeHu B
Tabnuunute, BKNOYBAT BasIEXUTE peruc-
TpUpaHM MO BPEME Ha OTIIexpaHe Ha
KynTypwuTe.

B TBbpAMS M TeYHUs OTTOK Ha
rnoysaTa ca U3MepBaHu KONM4YecTBaTa Ha
[OoCTbMHMTE hopmm Ha dhocchop n Kanwii
no aueTtaTtHo-nakTareH metog. ®ochopbT
ce onpegens Ha cnektpooToMeTbp, a
Ka/IMAT Ha naaMbyeH hoToOMETHP.

PE3SYNTATU N OBCBbXOAHE

Mpe3 TpuroguwHua nepuos Ha
u3cnefBaHe ca OTYeTeHW [BaHajecet
€po3NOHHM Basiexa nNo Bpeme Ha
BeretauuaTa Ha nweHuyara. MNpes 2015r.
Te ca Tpu, ¢ o6l o6em 48,5 I/m?, npes
2016r. — yeTupwn, ¢ o6y, obem 66 I/m*, a
npe3 2017 r. — neT OTTOKONPUYUHUTENHU
Basiexa c o6, obem 92,2 I/m?.

Ha ®wurypa 1, ca npeacrtaseHn
pe3yntaTtute OT HanpaBeHUTe epO3UOHHU
uscneBaHus (06emM Ha MOBBLPXHOCTHUSA
BOAEH OTTOK W KOJSIMYECTBO Ha epo3u-
paHaTa nouysa). W npe3 Tpute u3cnep-
BaHW TOAMHW, HaW-BUCOKA NPOTMBOEPO-
3MOHHA e(eKTMBHOCT e OoT4yeTeHa npu
BapvaHTa C BEPTUKa/IHO MynuupaHe W
AnpekTHa centba. lMpu Hero o6embT Ha
NMOBBPXHOCTHUA BOAEH OTTOK € MO-MasTbK
oT 2,6 A0 2,9 nbTK, a epo3mpaHara no4ysa
ot 6,3 fo 6,5 NbTN, B CpaBHEHME C KOH-
Tponata — BapuaHT 1, oTriexjaHa no

For the experiment, an area with a
precursor of corn for grain was used. Main
fertilization was carried out with Ni5P10Kg
kg/da, with the total amount of
phosphorus (superphosphate) and
potassium (potassium chloride) fertilizers
is incorporated in fall, and nitrogen
fertilizer (ammonium nitrate) is split into
two doses, 1/3 of which is applied pre-
sowing and the other 2/3 — in the spring

The erosion measurements were
carried out using the stationary method,
and for each variant there were
constructed 15m x 5m drainage sites with
an area of 75 m? and runoff collecting
containers.

The amounts of rainfall listed in the
tables and their results include the
precipitation rainfall recorded during
growing crops.

In the soil solid and liquid runoff are
measured the amounts of available forms
of phosphorus and potassium by the
acetate-lactate method. The phosphorus
is determined with a spectrophotometer
and potassium with the flame photometer
potassium.

RESULTS AND DISCUSSION

During the three-year study period,
twelve  erosive  precipitations  were
recorded during wheat growing, whereas
in 2015, they erosive precipitations were
three, with a total volume of 48.5 I/m?; in
2016, they were four, with a total volume
of 66,0 I/m? and in 2017 — five, with a
total volume of 92.2 I/m?,

In Figure 1, the results of the
erosion parameters (volume of the
surface water runoff and quantity of the
eroded soil) are presented.

Over the three years surveyed, the highest
anti-erosion efficiency demonstrated the
vertical mulch and direct sowing variant.

The volume of the surface water runoff is
2.6 to 2.9 times less, and the eroded soil
by 6.3 to 6.5 times lower, compared to the
control variant 1, cultivated along the
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Hak/oHa Ha ckioHa. MNpu BapuaHT 3, npu
KOMTO ce npuiara NoBbPXHOCTHO My/4u-
paHe c obopcku Top, peayuMpaHeTo Ha
NOBBbPXHOCTHMUA OTTOK e oT 1,6 go 1,8
MbTW, & KOMMYECTBOTO Ha epo3upaHara
noysa ot 3,1 Ao 3,4 NbTU, B CpaBHEHNE C
KOHTponaTa. [Npu BapnaHTa ¢ TpaguLNOH-
HU 06paboTKM, NPUNOXKEHU HAMPeyHOo Ha
Hak/I0Ha Ha Ck/10Ha, 06eMbT Ha MOBBLPX-
HOCTHMA BOAeH oTToKk e ot 1,3 go 1,5
MbTW MO-HUCHK, @ M3HOCHLT Ha nouysa OT
1,7 po 1,9 nbTH, B CpaBHEHNE C Tpagu-
LMOHHN 06paboTKM, NpunaraHy no Hakno-
Ha Ha CK/oHa.

Surface water runoff, m3/ha
MoBbpxHOCTEH BoAeH oTToK, m¥/ha

w2015

W2016

w2017

slope. In variant 3, grown by technology
with surface mulching with manure, the
reduction in surface runoff is 1.6 to 1.8
times, and the soil erosion rate is 3.1 to
3.4 times the control.

In the variant with conventional tillage,
applied across the slope, the volume of
surface water runoff is 1.3 to 1.5 times
lower, and soil loss is from 1.7 to 1.9
times lower, compared to traditional tillage
applied along the slope.

Eroded soil, kg/ha
Eposupananousa, kg/ha
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ANOVA; NnoBbpxHOCTEH BoAeH oTTok: p=0.012231HSD[0.05]=255.02; HSDO[0.01]=348.61M1 vs M4 P<0.01; epo3upaHa

nousa; NS.

ANOVA; surface water runoff: p = 0.012231HSD [0.05] = 255.02; HSDO [0.01] = 348.61M1 vs M4 P & It; 0.01; eroded soll;

NS

®ur. 1. O6LIO KONMYECTBO Ha NMOBbPXHOCTHUS BOJEH OTTOK m*/ha 1 eposvipaHa

nousa kg/ha, 2015-2017r.

Fig. 1. Total quantity of surface water flow m*ha and eroded soil kg/ha,

2015-2017

ArpoXumMuyHuTE nokasaresim Ha
noysata npu pasnuyHu asm Ha pas-
BUTME Ha KynTypata u 3a TpuUTe roAuHM
Ha u3cnegBaHe ca MNpeacTaBeHM
Tabnuua 1.

The agrochemical indicators of the
soil at different stages of the development
of the crop for the three years of research

B | are presented in Table. 1.
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Tabnuua 1. ArpoXMMMYHU rokasaTtenu

Ha noyearta B pas3/iIMyHNTE BapnaHTU Ha

onuTta npe3 Tpu dasn Ha pasBuTUe Ha kKynTyparta, P,Os (mg/100g) K,O (mg/100g),

2015-2017r.
Table 1. Agrochemical soil properties

in different experimental variants over

three phases of plants development, P,O5 (mg/100g) K,O (mg/100g), 2015-2017

3ana- Mpegu centba MakcumaneH pacTtex Cnep npubupaHe
loauHa | ceHocT Before sowing Maximum growth stage After harvesting
Year |Content BapwaHT/ Variant BapwaHT/ Variant BapwuaHT /Variant
1 2 3 4 1 2 3 4 1 2 3 4
2015 P,Os | 8.27 |10.24 | 20.56 | 14.24 | 8.99 | 8.79 |10.80| 14.92 | 8.85 | 8.92 |10.32 |12.12
KO |29.76 | 28.80 | 34.49 | 49.79 |34.87|37.52 | 45.76 | 50.13 | 39.76 | 34.86 | 35.92 |48.57
2016 P,Os | 13.52 | 17.77 | 65.84 | 45.40 |14.48|15.11 | 25.42 |39.31 | 8.18 | 8.22 |12.83|15.86
KO |40.25 | 38.51 |120.34|109.95|46.61| 47.09 | 50.24 [87.56 | 39.03 |40.21 | 45.18 |66.33
2017 P,Os | 6.03 | 7.32 | 7.38 | 9.86 |10.69|12.18|17.50| 13.13 | 7.18 |10.55|11.35|17.38
KO |32.68 | 31.37 | 38.37 | 41.45 |27.37|32.25|30.00 | 46.00 | 26.36 | 28.82 | 31.20 |44.71
ANOVA; goctbnHu hopmu Ha dhocchop p= 0.09; oCTbNHM hopMu Ha kanuii, p= 0.07
ANOVA; accessible forms of phosphorus p = 0.09; available forms of potassium, p = 0.07
Hail-Bucokn HuMBa Ha pas3TBOpUMU The highest levels of soluble

MUHEepasTH1 hopMmn Ha dhocchop 1 Kanwii
ce HabnwgasaT npu BapuaHTute ¢
npunaraHe Ha MUHUMaSIHU 06paboTKM C
BEPTUKAIHO MynumpaHe ¢ 060pcky Top K
npuM BapuaHTa C TpaguuWOHHW 06pa-
60TKWN, NPUIOXKEHN HAaNPeYHo Ha HakoHa
Ha CK/IOHa M C NOBBPXHOCTHO Myn4ympaHe
¢ obopckn Top. Kakto ce BmxAda OT AaH-
HWUTE, BHACcSAHETO Ha obopcku Top, 3Ha-
YMTENIHO MOBANSIBA arpOXMMMUYHMTE MoKa-
3aTesiM Ha no4ysara npv BapvaHT 3 U Ba-
puaHT 4. MNpun BapmaHT 4, KoHUeHTpauns-
Ta Ha ¢hocchop 1 Kannin B NOBbPXHOCTHUSA
cfnoli e BWCOKa, nopagy MWHUMAaTHOTO
pasmecBaHe ¢ noysara.

Kakto ce Bwxga oT Tabnuua 2,
KOHUEHTpauusaTa Ha JOCTbMHU hopMuy Ha
dochop U Kanumii, ca Han-BUCOKN MNpwu
BapuaHTa C NMOBbPXHOCTHO My/iyYMpaHe C
060pcKkM TOp, cregBaH OT BapuaHTa C
OVpeKTHa ceutba n BepTUKa/IHO Myn4u-
paHe. ToBa ce HabnogaBa KakTto npu
eposvpaHaTa no4yea, Taka 1 npu NoBbPX-
HOCTHMS BOAEH OTTOK.

phosphorus and potassium mineral forms
are again observed in variants with
minimum tillage with vertical mulching
with manure and in the variant with
conventional tillage applied across the
slope and with surface mulching with
manure. As can be seen from the data,
the application of manure significantly
influences the agrochemical properties of
soil in variant 3 and 4. In variant 4, the
concentration  of  phosphorus  and
potassium in the surface soil layer is high
due to minimal soil mixing.

As can be seen from Table 2, the
concentration of available forms of
phosphorus and potassium is highest in
the case of surface manure versus
manure, followed by direct sowing and
vertical mulching. This is observed both
in the eroded soil and in the surface
water runoff.
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Tabnnuya 2. CpegHo cbabpXaHue Ha P,Os (mg/100g), K,O (mg/100g) B epo3npaHaTta
nousa, P,05 (mg/l), K,O (mg/l) B NOBbPXHOCTHUA BOAEH OTTOK, ONUT rMiieHunua, npu

€PO31OHHU Banexu 2015-2017r.

Table 2. Average concentration of P,O5 (mg/100g), K,O (mg/100g) in eroded soil, and
concentration of P,Os (mg/l), K,O (mg/l) in surface water runoff, 2015-2017

FogvHa Bapl_/laHT EposupaHa no4sa [MoBBbPXHOCTEH BOAEH OTTOK

Year Variant Eroded soil Surface water runoff
PZOS KZO P205 Kzo

1 13.640 78.853 0.581 7.433

2015 2 13.550 82.453 0.599 7.333

3 16.800 119.157 0.765 11.700

4 17.707 101.800 1.139 13.533

1 17.700 50.183 0.701 5.890

2016 2 17.368 49.588 0.782 6.915
3 29.355 55.580 1.296 7.865

4 32.510 57.053 1.149 5.853

1 7.926 34.640 0.957 4.010

2017 2 11.380 35.196 1.130 3.764
3 12.684 35.474 1.277 5.821

4 12.354 38.454 1.013 4.504

1 13.089 54.559 0.746 5.778

2 14.099 55.746 0.837 6.004

2015-2017 3 19.613 70.070 1.113 8.462
4 20.857 65.769 1.100 7.963

ANOVA: P,0s B epo3upanara noysa, p=0,0073; P,Os B NOBLPXHOCTHWUA BOAeEH OTTOK - NS; K,O B epo3upaHaTa noysa - NS;

KO B NOBBPXHOCTHUA BOAEH OTTOK , p=0.058

ANOVA: P,0s in the eroded soil, p = 0.0073; P,Os in surface water runoff - NS; K,O in eroded soil - NS; in KO the surface

water runoff, p = 0.058

Bb3 OocHOBa Ha gaHHWTE 3a epo-
3MOHHWTE NoKasaTenn 1 KoHLeHTpauuaTa
Ha cpbochop U Kanuii, ca M3YNCIEHN W
3arybute Ha Te3n efleMeHTM C OTTo-
KOMPUYMHUTENIHUTE Ba/EXMW, HaACTBNWIM
no BpeMe Ha BereTauusaTa Ha MweHu-
uara. Te3n pesynrtatu ca npefcraseHu B
Tab6nuya 3 n durypa 2. B Tx ce Buxaa,
ye 3aryoute Ha [AOCTbNHU hopMmn Ha
dochop W Kanuii nNpu npunaraHe Ha
TpaAMLMOHHN 06pabOoTKM MO Hak/IoHa Ha
CK/IOHa Cca Hal-BWCOKW, KaTo CpefHo 3a
TpUTE roguHN Te ca 6unu cboTBETHO 1,25
kg/ha n 6,39 kg/ha. MNpu npunaraHeTo Ha
TPaaMUMOHHM 06paboTkM, HO HanpeyHo
Ha HakloHa Ha CK/oHa, Te3n 3arybu ca
cboTtBeTHOo 0,85 kg/ha u 4,15 kg/ha. Mpu
npunaraHeTo Ha MNOBBPXHOCTHO MyN4u-
paHe, BbBNPeKn HamaseHus ob6em Ha
NMOBBPXHOCTHUSA BOAEH OTTOK U epo3u-
paHata nouysa, BMCOKaTa KOHLEeHTpauus
Ha doochop M kanuii B TSX, BOAAT A0
3aryom ot 0,77 kg/ha wn 3,94 kg/ha

Based on the erosion parameters
(surface water runoff and the amount of
eroded soil) and the phosphorus and
potassium concentration, the losses of
these elements with the precipitation
occurring, were calculated. These results
are presented in Table 3 and Figure 2. As
can be seen from the results, the losses
of available forms of phosphorus and
potassium in  application of the
conventional soil tillage are the highest,
with an average of 3 kg/ha and 6.39
kg/ha. However, in the application of
same technology in transverse direction,
these losses are 0.85 kg/ha and 4.15
kg/ha respectively. In the variant with
surface mulching, despite the reduced
volume of surface water runoff and
eroded soil, the high concentration of
phosphorus and potassium in them
resulted in losses of 0.77 kg/ha and 3.94
kg/ha respectively.
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CbOTBETHO. Hali-Huckn ca 3arybute Ha
Te3n efleMeHTU Npu BapuaHT 4 ¢ npuna-
raHe Ha MMHUMasHU 06paboTKM C BEPTU-
Ka/IHO MynyupaHe, kbgeTto Te ca 0,43
kg/ha 3a dpocdhop 1 2,10 kg/ha 3a kanus.
3arybata Ha AOCTbMHM dhopmu Ha dhoc-
doop OT mo4yBaTa, B pe3yntaT Ha npoTu-
YyaHe Ha BOAHO-EPO3VOHHU NPOLECH Mpu
npuiaraHe Ha TpaguUUOHHU 06paboTKM
MO HaK/IOHa Ha CK/I0HA, HacTbMNBa OCHOB-
HO C epo3upaHaTta no4ysa, kaTo CpefHo 3a
nepunopga e 64,8%. CpepgHo 3a Tpute
roAVHW Ha u3cnegsaHe, Npy npuiaraHe
Ha TpaguuMOHHK 06paboTKKU, HanpeyHo
Ha HakIOHa Ha CK/OoHa, W3HeceHuTe
ycBoumn chopmm Ha pocop ¢ eposu-
paHaTta noysa ca 59% oOT obwwute, Npu
NOBBPXHOCTHO MynunpaHe — 50%, a npwu
npuiaraHe Ha MUHMMa/THU 06paboTKM 1
BEpPTUKaNIHO MynyupaHe — 47,4%.

Tabnuua 3. 3aryba Ha pocTbnHM opmn Ha P,Os,

The lowest is the loss of these elements
in variant 4 with minimum tillage and
vertical mulching, where they are 0.43
kg/ha for phosphorus and 2.10 kg/ha for
potassium. The loss of available forms of
phosphorus from the soil as a result of
water  erosion  processes in the
application of conventional soil tillage
along the slope occurs mainly with
eroded soil, with an average of 64.8%.

For the three years of study, using
conventional tillage across the slope, the
loss of available forms of phosphorus
with the eroded soil are 59% of the total,
in the case of surface mulching — 50%
and with minimum tillage and vertical
mulching — 47.4%.

C epo3upaHaTa noyBa U C

noBbPXHOCTEH BoAeH OTToK (kg/ha), onnT nweHuuya, NpuM €pO3NOHHN BaJIEXWU

2015-2017r.

Table 3. Loss of available forms of P,Os, eroded soil and surface water runoff (kg/ha),
wheat experiment, erosion precipitation 2015-2017

loguHa BapuaHt | Epo3npaHa noysa | [MOBBPXHOCTEH BOAEH OTTOK O6wu 3arybm

Year Variant Eroded soil Surface water runoff Total losses

P K P K P K
kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha
0610 3a 1 0.688 3.978 0.247 3.159 0.935 | 7.138
Total for 2 0.383 2.333 0.180 2.206 0.564 | 4.539
2015 3 0.266 | 1.888 0.192 2.941 0.459 | 4.829
4 0.140 0.803 0.178 2.116 0.318 | 2.920
0610 3a 1 1.116 3.163 0.400 3.364 1516 | 6.527
Total for 2 0.616 1.758 0.309 2.735 0.925 | 4.493
2016 3 0.565 | 1.069 0.437 2.650 1.001 | 3.719
4 0.318 0.558 0.235 1.200 0.553 | 1.758
0610 3a 1 0.617 2.695 0.669 2.806 1.286 | 5.500
Total for 2 0.496 1.533 0.564 1.878 1.059 | 3.411
2017 3 0.308 | 0.861 0.528 2.406 0.836 | 3.267
4 0.151 0.469 0.262 1.164 0.413 | 1.633
CpefHo 3a 1 0.807 3.279 0.439 3.110 1.246 | 6.388
Average for 2 0.498 1.875 0.351 2.273 0.849 | 4.148
2015-2017 3 0.380 | 1.273 0.386 2.666 0.765 | 3.938
4 0.203 0.610 0.225 1.493 0.428 | 2.104

ANOVA; [locTbnHu chopmu Ha chocdpop, p= 0.022939 HSD[.05]=0.64; HSD[.01]=0.88; 1 vs 4 , p<0,05
[JocTbnHu chopmm Ha kanwuii; p=0.000267 HSD[.05]=1.74; HSD[.01]=2.38; 1 vs 2 P<.01;1vs 3 P<.01;1vs4 P<.01;2vs 3

nonsignificant; 2 vs4 P<.05;3vs4 P<.05

ANOVA; Available forms of phosphorus, p = 0.022939 HSD [.05] = 0.64; HSD [.01] = 0.88; 1 vs 4, p & It; 0.05
Available forms of potassium; p = 0.000267 HSD [.05] = 1.74; HSD [.01] = 2.38; 1 vs 2 P <.01; 1 vs 3P <.01; 1 vs 4 P <.01;

2 vs 3 nonsignificant; 2 vs. 4 P <.05; 3 vs. 4 P <.05
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Fig. 2. Loss of available forms of P,0Os, K,O with eroded soil and surface water
runoff (kg/ha), wheat experience, average for the three years of study

(2015-2017)

Mpu kanvesuTe copmu, 3a Tpute
roavMHN Ha uscnefBaHe, ce Habnwogasa
M3HOC OCHOBHO C epo3upaHara noysa
(51,3% c epo3upaHaTa no4ysa) 3a
BapuaHt 1 (TpaguuMoHHW 06paboTKK,
MPUMIOXEHN MO HaK/IoHa Ha CKIoHa). Mpu
BapvaHT 2 (TpaguumoHHM 0b6paboTKK,
NPWIOXKEHW HaMpPeyHOo Ha Hak/loHa Ha
CK0Ha) — 45,2% OT AOCTbMHUA Kanuii ce
N3HACAT C TBBbPAWSA OTTOK. [pu BapmaHT 3
N BapuaHT 4 KO/IMYEeCTBOTO Ha Kanus,
W3HECEH C epo3upaHaTa noysa e CboT-
BeTHO 31% 1 29% oT obwwunTe 3aryéu Ha
TO3M €/IeMEHT OT ePO3UOHHUTE Basiexu,

HacTbnNMAM  nNpe3  BereTauyusAta Ha
KynTypaTta.
n3Boan

1. Pesyntatute 3a epoO3VOHHUTE [OoKa-
3aTenin OT uU3BeLeHuUTe ONUTU C NeHuya
MpW Hak/IOH Ha CK/IoHa 5°, Ha nousa

In the case of potassium forms, for
the three years of the survey, the loss is
occur with eroded soil (51.3% with
eroded soil) for variant 1 (conventional
soil tillage along the slope) were
observed. In variant 2 (conventional
tillage across the slope) — 45.2% of the
available potassium is removed with solid
phase of the runoff. In variant 3 and
variant 4, the amount of potassium
removed with the eroded soil is 31% and
29%, respectively, of the total losses of
this element in the erosive precipitation
occurring during the vegetation of the
crop.

CONCLUSIONS
1. The results of the erosion indicators
from the experiments with wheat on
sloping terrains with inclination 5° on soil
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KapboHaTeH YepHO3eM Mnokasear, 4ye npu-
naraHeTo Ha yCbBbpLUEHCTBaHaTa TeXHOo-
norns 3a MUHUMaNHW U HEeTPaULNOHHK
06paboTKM Ha HaK/OHEHW TEepPeHu, Hama-
nABaTt NOBbPXHOCTHMA BOAEH OTTOK C 2,6
[0 2,9 nbTu, a epo3npaHara no4ysa oT 6,3
[0 6,5 MbTn, B CpaBHEHME C TPAAULNOHHO
npuiaraHata TEXHOMOMMS 3a Mpou3-
BOACTBO Ha MWeHMUa MO Hak/IoHa Ha
cknoHa. [pyn TexHonorvaTa € MOBLPX-
HOCTHO MynuyupaHe Te3n CTOMHOCTM ca
cboTtBeTHO 1,6 oo 1,8 nbtv n 3,1 go 3,4
NbTU 38 TBBPANUS OTTOK.

2. 3aryoute Ha [OCTbNHU dhopMM Ha
hochop npu npunaraHe Ha MWUHUMAsIHU
006paboTKM C BEPTUKA/IHO My/fyYMpaHe ca
Hamanenu ¢ 0,82 kg/ha, a npu npunaraHe
Ha TPaguLMOHHW TEXHOMOTUN C MOBBLPX-
HOCTHO MynuupaHe ¢ 0,48 kg/ha. Mpoms-
HaTa Ha nocokaTa Ha obpaboTka Hanpeu-
HO Ha Hak/loHa Ha CK/IoHa npw npunara-
HETO Ha TpaAuLMOHHA TEXHOMOorMs BOAU
[0 no-HUCkM 3arybu Ha dpoccop ¢ 0,40
kg/ha.

3. 3arybute Ha AoCTbMHM opmn Ha
Kanuin Npu BapmaHT 4 ca Hamanenu ¢ 4,28
kg/ha. MNpwu BapmaHT 3, TOBa HamasieHne e
¢ 2,45 kg/ha, a npu BapuaHT 2 c 2,24
kg/ha.

4. Te3n pesyntatu nokaseaT, 4ye npuna-
raHeTo Ha NPOTMBOEPO3VNOHHU TEXHOJIO-
ru, OTreXgaHe HanpeyHo Ha Hak/ioHa
Ha CK/MOHa, MpuiaraHe Ha NMOBbPXHOCTHO
My/l4MpaHe M yCbBbpLIEHCTBaHaTa TeX-
HO/IOTMSA 3a MWHMMa/IHA U HETPaAMULMOH-
Ha 06paboTka Ha nouyeBarta, npeanassart
3emefesickute 3eMy OT BOAHa €epo3us,
3anasBar XpaHuTeNnHWTe BelecTBa "
NOYBEHOTO NAI0AOPOAME.

carbonate chernozem show that the
application of advanced technology for
minimum and unconventional soil tillage
reduces surface water runoff from 2.6 to
2.9 times, and eroded soil from 6.3 to 6.5
times, compared to control (wheat grown
by conventional technology, applied along
the slope).

In surface mulching technology, these
values are 1.6 to 1.8 times and 3.1 to 3.4
times respectively for solid runoff.

2. Loss of available forms of phosphorus
in variant with minimum tillage and vertical
mulching decreased with 0.82 kg/ha, and
with conventional tillage with  surface
mulching technology with 0.48 kg/ha.
Changing the direction of the operations
in the application of conventional
technology (across the slope) has
resulted in lower phosphorus losses with
0.40 kg/ha.

3. Losses of available potassium forms
decreased with variant 4 with 4.28 kg/ha.
In variant 3, this reduction is 2.45 kg/ha,
and for variant 2 with 2.24 kg/ha.

4. These results show that the application
of anti-erosion technologies, cross-slope
cultivation,  surface  mulching  and
advanced technology for minimum and
unconventional soil tillage, protect
agricultural lands from water erosion,
preserve nutrients and soil fertility.
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