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PE3IOME

HacTosweto npoy4ysaHe e npose-
AeHo npe3 2015 r. n 2017 r. B ONMTHOTO
none Ha VIHCTUTYT no uapesBuuaTa KHexa
no Bb3npueTa 3a paiioHa arpoTexHuka.
O6eKT Ha n3cnegBaHeTo ca ABa xubpuga:
KH 307 n KH 435 oT pasnnyHu rpynn Ha
3panoct — FAO 300-399 n FAO 400-499.
Xubpuaute (F,) 3aegHo ¢ pogutenckute
UM KOMMOHEHTU (p; U Pp) Ca U3nNuTaHu B
KOHKYPCHW COPTOBM OMUTU MpU YC/I0BUSA
6e3 HanosiBaHe B TpW IbCTOTK Ha Mocesa —
4500 p/da, 5500 p/da n 6500 p/da.
AHanusvpaHu ca npusHauute: BMCOYMHA
Ha pacTeHusiTa, BMCOYMHA Ha 3asaraHe
Ha KoyaHa W 6pou fucTa, OnUcBaLLU
6uomeTpusTa Ha CTbL610TO.

OT npeacTaBeHWTe  pesynTarty,
nosly4eHV Bb3 OCHOBa Ha [JaHHWUTE 3a
nposiBUTE Ha XeTepo3nc U CTeneHn Ha
JOMUHUpaHe, 3a BCAKa efHa oT rognHuTe
KaKto ¥ 3a cpefHuTe WM CTOWHOCTM e
YCTaHOBEH fICHO M3paseH xeTeposuc. Ha-
cneffaBaHeTo Ha MpusHauuTe ce Ob/hKu
Ha NONOXWUTETHO CBPBXA0MUHMPAHE.
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SUMMARY

This study is conducted in 2015
and 2017 in the experimental field of the
Maize Institute - Knezha by using an agro
technique typical for the region. Subject to
the study are two maize hybrids: Kn
307and Kn 435 from different groups of
maturity — FAO 300-399 and FAO
400-499. The hybrids (F;) together with
their parental components (p; and p,) are
studied in competitive variety trials under
conditions without irrigation at three
densities of the crop — 4500 pl/da; 5500
pl/da and 6500 pl/da. The following traits
are analyzed: height of the plants, upper
ear height and number of leaves,
describing the stalk biometry.

Presented results, obtained based
on the data of manifestation of heterosis
and the degrees of dominance of the
hybrids, for each of the years as well as
their average values demonstrate a
pronounced heterosis. The inheritance of
traits is due to the positive
overdominance.
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loAvHaTa Ha npoyyBaHe W rbeToTa
Ha noceBa BAUASIT MO-pas/iMuyeH HauyuH
BbPXY XETepo3nCHUTE MpOosiBY, HO He
NPOMEHAT OCHOBHMSI XapakTep W Mocoka-
Ta Ha HacnefsiBaHe Ha CbOTBETHUTE
npusHaum.

KntoyoBn  AymMun:  LAPEBUYHM
XMGpMAM OT Pas3NNUHKU FPYNM Ha 3PS/IOCT,
KONMYECTBEHU MNpU3HaLM, XEeTeposuc,
CTeneH Ha JAoMUHUpaHe B Fy

yBO/[,

Llapesvuata e efiHa OT KynTypuTe,
npu KOATO B Hali ronsama-cTeneH ce
NposiBiBa XeTepo3nCHUA edekT. YcTaHo-
BEHO €, ye TOil ce Habnwgasa B MbpBO
NMoKOsIEHWE Ha LuapeBu4HUTEe Xnbpuaw,
KOUTO MO MPOAYKTMBHOCT B pasnunyHa
CTeneH MpeBb3XOXAAT POAUTENICKMTE CU
dhopmn. B cneppaliyte nokoseHus xete-
po3ncHuA edekT Hamansea. BbB Bpb3ka
C TOBa XeTepo3nCHWTE NPOABK Npu Lape-
BMUATa ca 06eKT Ha pas/IMyHK Npoyysa-
H/A KaKTO Yy Hac Taka M B YyxbuHa
(Jugenheimer, 1979; Zhuchenko, 1980;

Chalyk, 1987; Vulchinkova, 2000;
Tollenaar et al.,, 2004; Petrovska and
Genova, 2008, Zamir et al., 2011;

Valkova, 2013 n gp.).

Bcsko egHo nscneaBaHe, HACOYEHO
KbM W3SICHsIBAaHE 3aKOHOMEpHOCTUTE npwu
HacneAsiBaHETO Ha LEHHW CTOMAaHCKU Mpus-
Hauu 1 CBOWCTBa € HoBa MHopMauus 3a
U3SICHSIBAHEe XapakTepa Ha TeopeTuyHuTe
1 MPUNOXHM acnekTn Ha xeTeposuca.

Mpu n3yyaBaHe 3aKOHOMEPHOCTUTE
Ha HacrefsiBaHe Ha HAKOWM NpusHauun ot
CbLUECTBEHO 3HaA4YeHWe e peakyusaTa Ha
OTAEe/IHUTE TeHOTUMOBE CNPSIMO YCNOBUS-
Ta Ha cpefara, KakTo U KbM npuiaraHeTo
Ha OTAE/HW efleMEHTU OT TexHosorusaTa
Ha oTrnexgaHe.

Llenta Ha HacTosWETo npoy4yBaHe
€ [Jda Cce YCTaHOBAT MposiBUTE Ha
XETEepPo3nC W CTEMEHM Ha OOMUHMpaHE B
F; Ha HAkOM npu3Hauu, oOnMcBalm
6uomeTpusATa Ha CTb6/0TO Ha [ABa
Xnbpuga oT pasIMyHN rpynn Ha 3pssiocT.

The year of study and the density of
the crop influence differently heterosis
manifestations but do not the change the
main character and the direction of
inheritance of the respective traits.

Key words: maize hybrids from
different groups of maturity, quantity traits,
heterosis, degree of dominance in F;

INTRODUCTION

Maize is one of the cultures in
which the heterosis effect is most
pronounced. It is found that it is observed
in the first generation of maize hybrids
which by productivity exceed their
parental forms to a different extent.

In the next generations, the heterosis
effect diminishes. In this regard, the
heterosis manifestations in the maize are
subject to different studies both at home
and abroad (Jugenheimer, 1979;
Zhuchenko, 1980;  Chalyk, 1987,
Vulchinkova, 2000; Tollenaar et al., 2004;
Petrovska and Genova, 2008, Zamir et
al., 2011; Valkova, 2013, etc.).

Each study aimed at clarifying the
patterns of inheritance of valuable
economic traits and characteristics is new
information for clarifying the nature of
theoretical and applied aspects of the
heterosis.

In  studying the patterns of
inheritance of some traits, of material
importance is the response of individual
genotypes to the environmental conditions
as well as to the application of single
elements of cultivation technology.

The purpose of the present study is
to identify the manifestations of heterosis
and degrees of dominance in F; of some
traits describing the stem biometrics of
two hybrids from different groups of
maturity.
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MATEPWNAN N METO4WA
HactosweTto npoyusaHe e W3BbLP-
weHo npe3 2015 r. n 2017 r. B ONUTHOTO
nose Ha MIHCTUTYT no uapesuuata-KHexa
no Bb3MNpueTa 3a paiioHa arpoTexHuka.
Kato o6ekTt Ha wuscnegsaHe ca M3rnon-
3BaHu xnopuaute Ku 307 (rpyna 300-399
no FAO) u KH 435 (rpyna 400-499 no
FAQ) oT pasnnyHun rpynn Ha 3pssiocT.
Xubpugute, 3aefjHO C POAUTESICKNU-
Te um copmu (py U py), ca U3NUTaAHU B
KOHKYPCHW COPTOBM oOnNutWM Mo 6/10K0B
MeTOoA, B TPU NOBTOPEHUS, C rofleM1Ha Ha
pexkonTtHaTta napuena 10 m% OnutuTe ca
u3BefeHy npu ycnosusa 6e3 HanosiBaHe B
Tpu rbCTOTU Ha nocesa: 4500 p/da, 5500
p/da, n 6500 p/da. AHanusnpaHum ca
npusHauuTe: BUCOYMHA HA pPaCTEHUATA,
BMCOYMHA Ha 3a/s1araHe Ha Ko4yaHa u 6poi
nucTta. buomeTpuyHuTe n3mMepBaHusA ca
n3pbpleHn Ha 10 pacTeHuss OT BCSIKO
NOBTOPEHWE 3a Py, P2, U Fy.
Cratuctnyeckatra ob6bpaboTka Ha
U3XOAHWTE AaHHW 3a pi, P U F1 € u3Bbp-
WeHa no MeToja Ha AUCNepCUOHHMUS
aHanm3 Ha Shanin (1997). XeTepo3ucsbT e
onpefdesieH CNpsAMO cpejHata aputme-
TUYHa OT ABaTta poauTens (XxvnotetuuyeH
XeTepo3nc) 1 cnpsimo no-gobpus poauten
(ncTnHckn xeteposuc) no Omarov (1975).
CreneHuTe Ha [pfomMuHuMpaHe B F; ca
n3umcnexHn no Romero u Frey (1973).

PE3SYNTATU N OBCBbXOAHE

®eHOTUNHOTO  MNPOSAB/IEHWE  Ha
BCEKM NPU3HaK e pesynrar oT B3aumogeii-
CTBMETO Ha reHoTuna u cpejara, B KOSATO
ce pasBuBa. Hacnegsasar ce He npusHa-
uuTe, a reHeTuyeckara 06yCc/1I0BEHOCT Ha
reHotuna fJa pearnpa Ha npomsHara Ha
ycnosusita Ha cpepara (Zhuchenko,
1980; Hristov,, 1983). B peauvua npoy4sa-
HuA Ha Hristov et al., 1982; Yordanov,
1995; Petrovska and Genova, 2008;
lichovska et al., 2019 n gp., ca ycTaHo-
BEHM MNPOSIBU Ha XeTepo3nc, CBbp3aHu C
(POTOCUMHTETMYHATA [AEWHOCT Ha pacTte-
HUATa Ypes npusHauu, o6ekT Ha HacTos-
LLIeTO NpoyyBaHe.

JaHH1UTe OTHOCHO CpefHOMECeYHU-

MATERIAL AND METHODS

This study is conducted in 2015
and 2017 in the experimental field of
Maize Institute - Knezha by using an agro
technique typical for the region. Hybrids
Kn 307 (FAO group 300-399) and Kn 435
(FAO group 400-499) from different
groups of maturity are used as a subject
of the study.

The hybrids, together with their
parental forms (p; u p,), are studied in
competitive variety trials by block method
in three repetitions, with a plot size of 10
m® The trials are performed under
conditions without irrigation at three
densities of the crop: 4500 pl/da, 5500
pl/da and 6500 pl/da. The following traits
are analyzed: height of plants, upper ear
height and number of leaves. Biometric
measurements were performed on 10
plants of each repetition for py, p, and F;.

Statistical processing of the raw
data for p;, p2 and F; is executed by using
the method of the analysis of variance of
Shanin  (1997). The heterosis is
determined by the arithmetical mean of
both parents (hypothetical heterosis) and
the better parent (actual heterosis) by
Omarov  (1975). The degrees of
dominance in F; are calculated by
Romero and Frey (1973).

RESULTS AND DISCUSSION

The phenotypic manifestation of
each trait is a result of the interaction of
the genotype and the environment where
it grows. It is not the traits that are
inherited, but the genetic dependency of
the genotype to respond to the changing
environmental conditions (Zhuchenko,
1980; Hristov, 1983). In number of studies
by Hristov et al., 1982; Yordanov, 1995;
Petrovska and Genova, 2008; lichovska
et al., 2019, etc., have been established
heterosis manifestations related to the
photosynthetic activity of the plants
through traits, subject to the present
study.

The data about the average
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Te TemnepaTtypy U KOJIMYECTBOTO NajHa-
N BasIeXun Npes BereTauuMoHHUA nepuop
Ha XMbpuaute npes roguMHUTE Ha Mnpoyu-
BaHe ca oTpaseHu Ha durypa 1. o oTHO-
LUeHVe Ha cpefHOMeCeYHuTe Temneparty-
pv He ce HabnogaBa CbllecTBeHa pas/iun-
Ka npe3 ABeTe rOAVHM Ha Mpoy4YBaHe.
CyMapHOTO KO/MYEeCTBO Ha najHanuTe
Ba/IeXM Npe3 BeretalMoHHNA Nepuog e ¢
61M3kM cToliHocTM 397,1 I/m? npes 2015
r. n 343 I/m? npes 2017 r., HO pa3npepge-
NEeHneTo My No Meceuy e HepaBHOMEPHO.
ToBa e npegnoctaska 3a BapupaHe Ha
CTOMHOCTUTE Ha u3cnefBaHuTe npusHaum
B 3aBMCMMOCT OT KOHKpeTHata MeTeo-
ponornyHa o6cTaHoOBKa.

o
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monthly temperatures and rainfall amount
during the vegetative period of the hybrids
in the studied years are shown in Figure
1. In regard to the average monthly
temperatures there is no significant
difference found in the two years of study.

The total amount of rainfall during the
vegetative period is around 397.1 I/m? in
2015 and 343 I/m” in 2017, but its
distribution in the months is irregular.

This is a prerequisite for variation in the
values of the studied traits depending on
the specific meteorological conditions.
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= 2015 cpepHomMeceyna Tenmnepatypa/ Average monthly temperature
= 2017 cpepHomeceyda Temnepatypa/ Average monthly temperature

2015 Banewn/ Rainfall
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dur. 1. Cyma Ha BanexuTe 1 cpegHo-MecevyHUTe TeMrepaTypmu Npes Beretaymsata
Ha LapeBuUaTa 3a roanH1UTe Ha n3cnenBaHe
Fig. 1. Sum of rainfall and average monthly temperatures during vegetation of

the maize in the years of study

MNpe3 nepuoga Ha passutne u
hopmmnpaHe Ha penpoayKTUBHUTE OpraHu
Ha uapeBuuyaTa (anpua, Mail u HOHW)
cymara Ha Banexurte npe3 2015 r. e
241,8 IIm? cpewy 59,5 I/m? npes 2017 r.
OT gpyra cTpaHa, Bnaroo6esneyeHocTTa
npe3 KpUTUYHWUTE Tropeln Meceumn 3a
uapesuuara M 1 aeryct e no-gobpa
npe3 2017 r. KosimyecTBOTO Ha nagHanu-

In the period of growing and
formation of the reproductive organs of
the maize (April, May and June), the
amount of rainfall in 2015 is 241.8 I/ m*
against 59.5 I/ m? in 2017. On the other
hand, humidity during the critical hot
months for the maize - July and August,
is better in 2017. The amount of the
rainfall is 160.9 I/m? in July and only 10.5
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Te Banexu e 160,9 I/m® 3a tonn n egga
10,5 I/m? 3a aBryct, cboTBETHO 20,8 I/m?
1 38,7 I/m® npe3 2015 T.

[aHHnTe OTHOCHO wu3cnegBaHuTe
OMOMETPUYHM NpU3HaUM Ha XubpuauTe
KH 307 m KH 435 ca nokasaHu Ha
Ta6nuua 1 v Tabnuua 2. B 19x ca npeg-
CTaBEHU CPeAHUTE CTOMHOCTU OT MHANBU-
AyanHuTe MW3MEepBaHWs Ha npu3HauuTe
Ha poauTEesNICKUTE KOMMOHEHTU (P, P2) W
XNOPUOHUTE UM TMOKOJIEHUS,, KakTo W
NposiBUTE Ha XEeTepo3uc M CTENeHW Ha
AOMUHMpaHe B F,. AHanusnpaliku gaHHu-
Te 3a OTAesHUTEe npusHauu ce Habno-
JaBa pasniMyHa peakums Ha xubpuauTe,
CMpsAMO  yC/oBMATa Ha  OTIIexjaHe.
BapupaHeTo e no-cunHo nog AeicTBNeTo
Ha KIMMaTUYHWUTE YCNOBUSA Npes3 rofguHu-
Te, OTKOMIKOTO MOJ BANSIHME Ha rbeToTaTa
Ha noceBa. CpeAHOMece4YHUTE Temnepa-
Typu 1 no-6naronpuAaTHOTO pasnpegene-
HME Ha Ba/IEXMTE B HaYa/HUTE NEPUOAM
OT pasBUTMETO Ha Lapesuuara ca npuym-
Ha 3a Masiko NO-BMCOKMTE CTOMHOCTM Ha
Xnepuante u poauTesnckute um copmu
npe3 2015 r. B cpaBHeHue ¢ Te3n Ha 2017 T.

Mpu BCcsiKa efHa OT uM3cnefBaHuTe
NHWK ce Habngasat cneymdmnyHn ocobe-
HOCTW, 06YCNIOBEHM OT reHoTuna u pecnek-
TUBHO CbOTBETHUTE Npu3Hauu. OT yeTmpu-
Te camoonpalleHn MHWM Lapesuua ¢ no-
BMCOKUN CTOMHOCTW 1 Npu TpUTe BUOMETPUY-
HV Npr3HaKa, KakTo No roAuvHN Ha OTIex-
[JaHe Taka M Mo rbCTOTU Ha noceBa ca AC
9434 n K 4652. CpaBHUTETHUAT aHa/IM3 Ha
uscnefBaHuTe MpuU3HauM no - xmbpuan
nokassa Mo-BWCOKM CTOWHOCTU MpWU CpegHo
paHHusa xmbpug KH 435.

Mo OTHOLIEHME NPOABUTE Ha XeTepo-
3nuc ce HabnwpaeaTr fobpe um3paseHu
NOMOXMTENHU CTOMHOCTW 3a XUMOTETUYHUSA
U UCTMHCKU XeTeposuc, 3acsiraly npusHa-
LyTe BMCOYMHA Ha PacTEHMETO U BUCOUMHA
Ha 3anaraHe Ha koyaHa. [lposiBUTe Ha
XeTepo3uc 3a npusHaka 6poii nucta ca
CbLUO MOMOXMTENHW, HO No-cnabo u3pase-
H/ CMpsSMO OCTaHa/MTe fABa Npu3Haka u
npu ggaTta xubpuga, KOeTo NoTBbpXAasa
no-paHHu uscnegsarHus (Vulchinkova and
Vulchinkov, 2013).

I/m? in August, respectively 20.8 I/m* and
38.7 I/m? in 2015.

The data about the studied
biometric characteristics of the hybrids Kn
307 and Kn 435 are shown in Table 1
and Table 2. They present the average
values of the individual measurements of
the traits of the parental components (p,
p.) and their hybrid generations, as well
as the manifestations of heterosis and
degrees of dominance in F;. Analyzing
the data regarding the individual traits, a
different response of the hybrids is
observed, depending on the conditions of
growth. The variation is stronger under
the influence of the climate over the years
than of the density of the crop.

The average monthly temperatures and
more favorable distribution of rainfall in
the initial periods of the growth of the
maize are the reason for the slightly
higher values of hybrids and their
parental forms in 2015 compared to those
in 2017.

At every studied line specific
characteristics are observed depending
on the genotype and the related traits,
respectively. Of all four self-pollinated
maize lines with higher values for the
three biometric traits, both by years of
growth and by density of the crops, are
AC 9434 and K 4652. The comparative
analysis of the studied traits by hybrids
shows higher values for the average early
hybrid Kn 435.

Regarding the manifestations of
heterosis, there are pronounced positive
values observed in both hypothetical and
actual heterosis affecting the traits of the
plant — height and upper ear height. The
manifestations of heterosis for the trait
number of leaves are also positive, but
less pronounced than the other two traits
in both hybrids, which confirms earlier
studies (Vulchinkova and Vulchinkov,
2013).
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Tabnmuya 1. XeTepo3unc 1 CTeNeHN Ha AOMUHMPaHe B F; HA BMOMETPUYHM NMPU3HaLNM Ha LapeBuyeH xmbpuna KH 307 3a 2015
r., 2017r.

Table 1. Heterosis and degrees of dominance in F; of biometric traits of maize hybrid Kn 307 for 2015, 2017

MpusHauw/Traits P, P, Fy XeTteposuc / Heterosis, % [omMuHK P1 P, Fi XeTteposuc / Heterosis, % [omMuHm
cToTnHa XunoTeTnden,% |icTurckn,%| PaHe B hp, XunoTeTnueH, [MIcTuHckn, % _PaHe B hpy
nocesa / Density Hypothetical,% | Actual, % | Dominance % Actual, % |Dominance in
of the crop in hpy Hypothetical,% hps
BucounHa Ha pacteHusita / Height of the plants, cm
2015 2017
4500 p/pa 200,0 179,2 259,2 36,7 29,6 6,7 202,2 163,9 228,9 25,1 13,2 2,4
4500 pl/da
5500 p/aa 208,3 194,2 262,5 30,5 26,0 8,6 198,4 160,6 222,2 23,8 12,0 2,2
5500 pl/da
6500 p/pa 219,2 190,0 | 259,2 26,7 18,2 37 197,2 157,0 | 2233 25,9 13,2 2,3
6500 pl/da
CpenHo/Mean 209,2 187,8 260,3 31,3 24,6 6,3 199,3 160,5 224.8 24,9 12,8 2,3
BucounHa Ha 3anaraHe Ha koyaHa / Upper ear height, cm
4500 p/pa 78,4 71,7 95,8 27,7 22,2 6,1 74,4 61,7 85,0 25,0 14,2 2,7
4500 pl/da
5500 p/aa 85,0 70,0 95,0 22,6 11,8 2,3 73,9 55,6 84,5 30,6 14,3 2,1
5500 pl/da
6500 p/pa 82,5 70,0 97,5 27,9 18,2 3.4 72,8 53,9 81,1 28,1 11,4 19
6500 pl/da
CpenHo/Mean 82,0 70,6 96,1 26,1 17,4 3,9 73,7 57,1 83,5 27,9 13,3 2,2
Bpoii nucta / Number of leaves
4500 p/pa 12,7 11,7 13,5 10,6 6,3 2,6 11,3 10,9 12,1 9,0 7,1 5,0
4500 pl/da
5500 p/aa 12,9 12,0 13,4 8,1 3,9 2,0 11,5 10,7 12,0 8,1 4,3 2,2
5500 pl/da
6500 p/pa 12,3 11,0 12,8 10,3 4,1 1,7 11,4 10,5 11,8 7.8 35 19
6500 pl/da
CpenHo/Mean 12,6 11,6 13,1 9,7 4,8 2,1 11,2 10,7 12,0 8,3 4,9 3,0
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Tabnmua 2. XeTepo3unc 1 CTENEHN Ha AOMUHMPaHe B F; HA BMOMETPUYHM NPU3HaLNM Ha LapeBuyeH xmubpua KH 435 3a 2015

r., 2017r.

Table 2. Heterosis and degrees of dominance in F; of biometrical traits of the maize hybrid Kn 435 for 2015, 2017
MpusHaun/Traits) P, P F1 XeTteposuc / Heterosis, % JomuHupane | P, P, F1 XeTeposuc / Heterosis, % [JomunHunpare
cToTa ha XunoteTuueH,% | WcTuHCKn, % 8 hp, XunoteTtuueH,% | UcTUHCKN, % 8 hp,
nocesa/ Density Hypothetical,% | Actual, % | Dominance Hypothetical,% | Actual, % | Dominance
of the crop in hp, in hp,

BucounHa Ha pacteHusaTa / Height of the plant, cm
2015 2017
4500 p/pa 192,5 | 223,8 | 248,3 19,3 10,9 2,6 168,9 | 215,6 | 242,2 26,0 12,3 2,1
4500pl/da
5500 p/aa 186,5 | 213,4 | 251,1 25,6 17,7 3,8 166,1 | 211,7 | 247,2 30,9 16,8 2,5
5500pl/da
6500 p/aa 189,2 | 217,5 | 258,3 27,0 18,7 3,9 165,6 | 213,9 | 247,2 30,3 15,7 24
6500pl/da
CpegHo/ Mean | 189,4 | 218,2 | 252,6 24,0 15,8 34 166,9 | 213,7 | 2455 29,1 14,9 2,3
BucounHa Ha 3anaraHe Ha kouaHa / Upper ear height, cm
4500 p/pa 70,0 92,5 99,1 21,9 7,1 1,6 63,9 79,5 93,9 31,0 18,1 2,8
4500pl/da
5500 p/aa 775 | 938 | 126,7 47,9 35,1 5,0 61,1 | 81,7 | 100,6 40,9 23,1 2,8
5500pl/da
6500 p/aa 76,7 | 93,3 | 126,7 49,0 35,8 4,9 59,5 | 81,1 | 97,8 39,1 20,6 2,6
6500pl/da
CpegHo/ Mean| 74,7 | 93,2 | 117,5 39,6 26,0 3,8 61,5 | 80,8 | 974 37,0 20,6 2,7
Bpoii nucta / Number of leaves
4500 p/pa 11,5 12,8 13,0 7,0 1,6 1,3 11,5 12,3 12,8 7,6 4,1 2,2
4500pl/da
5500 p/aa 12,7 13,0 13,7 6,6 54 5,7 10,7 | 11,8 12,0 6,7 1,7 14
5500pl/da
6500 p/aa 12,0 13,1 13,3 6,0 15 14 11,3 | 12,0 12,5 7,3 4,2 24
6500pl/da
CpegHo/ Mean| 12,1 13,0 13,3 6,5 2,8 2,8 11,5 | 12,6 13,5 7,2 3,3 2,0
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C Hali-BMCOKM cpefHu CTOMHOCTU
Ha XUNOTETMYEH U UCTUHCKM XEeTeposuc
3a Npu3Haka BMCOYMHaTa Ha 3anaraHe Ha
Ko4yaHa ce otnmnyaBa KH 435 - 39,6% 3a
xunotetmyeH wn 26,0% 3a WUCTUHCKU
XeTepo3uc. 3a npusHaka obuia Ab/HKUHA
Ha KoYyaHa [MO-BMCOKM CTOMAHOCTM ce
Habnogasat npu xmépug KH 307 - 31,3%
XUnoTeTnyeH n 24,6% NCTUHCKMN.

BapupaHeTo Ha xeTepo3uca Ha
npoyyeHnTe npusHauu, onuceawm 6wmo-
MeTpusiTa Ha CTb6/10TO ce Bnuse B Mo-
ronisiMa CTeneH oT rogmHarta Ha OTINex-
[JaHe B cpaBHeHMe C rbcToTaTa Ha noce-
Ba, HO Te HE MPOMEHAT Heroearta CbLHOCT.

CTOMHOCTUTE Ha CTENeHUTE Ha
JOMUHUpaHe B F; Npu BCUYKM NpU3HaUm
Ha xubpugute ca no-sucoku ot 1 (hp>1),
KOEeTO O3HayaBa Ha/inume Ha CBPbXA0MU-
HUpaHe Npu HacneasBaHeTO UM.

Pesyntatute, npeacrtaBeHn B ToBa
n3cnefBaHe MnokaseaT, 4Ye 3a OLeHKaTa
Ha NPosiBMTE Ha XeTepo3nC 1 CTEMeHM Ha
JOMVHMpaHe Ha onpegesieH npusHak
B/IUSIHWE OKa3BaT KakKTo pas/inyHuTe
reHoTunoBe, Taka W B3aMMOAENCTBMETO
reHoTun cpega.

N3BOAN

Mpe3 roauvHUTE Ha un3cnegBaHe
HacnegasaHeTo Ha MNpusHauuTe: BUCOYU-
Ha Ha pacTeHudATa, BMCOYMHA Ha 3anara-
HEe Ha ropHUSA Ko4yaH M 6pou fMcta Ha
xnepuante KH 307 n KH 435 OT pas/inyHu
rpynu Ha 3psAsocT, NpossaBaT ACHO u3pa-
3eH NONOXUTESIEH XUNOTETUYEH N UCTUH-
CKM XeTeposuc.

CreneHute Ha pgomuHupaHe B F;
MOKOJIEHME MOKa3BaT, Ye XeTepo3UCHUAT

edpekT ce [Ab/MKM  Ha  NONOXUTENHO
cBpbxaoMuHupaHe (hp>1).
NMpomsaHaTta B  yc/oBuATa Ha

cpeAaTa Ha OTrfiexaaHe Ha xubpuauTe
BOAM [10 BapupaHe Ha CTOWHOCTWTE Ha
XeTepo3nca, HO He MPOMEHS XapakTepa
Ha HacnefsiBaHe.

With the highest average values of
hypothetical and actual heterosis for the
trait upper ear height is characterized the
hybrid Kn 435 — 39.6% — for hypothetical
and 26.0% — for actual heterosis. If it
refers to the trait overall length of the cob,
higher values are observed for the hybrid
Kn 307 — 31.3% hypothetical and 24.6% —
actual heterosis.

The variation in the heterosis of the
studied traits, describing the biometry of
the stem, is influenced more by the year
of growth than the density of the crop, but
they do not change its nature.

The values of the degrees of
dominance in F; for all traits of the
hybrids are higher than 1 (hp> 1), which
means that there is an over-dominance in
their inheritance.

The results presented in this study
indicate that the evaluation of heterosis
manifestation and degrees of dominance
for each specific trait is influenced by
both the different genotypes and the

interaction between genotype and
environment.

CONCLUSIONS

During the years of study

inheritance of the traits: height of the
plans, upper ear height and number of
leaves of the hybrids Kn 307 and Kn 435
from different groups of maturity,
demonstrate pronounced positive
hypothetical and actual heterosis.

The degrees of dominance in F;
generation indicate that the heterosis
effect is due to positive overdominance
(hp> 1).

The change of the environmental
conditions of the growth of the hybrids
results in variation of the values of
heterosis but does not change the
inheritance pattern.
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PE3IOME

B cTatusaTa ca npegcraBeHu pesysi-
TaTnTe OT NPOy4YBaHe B/VUSHWETO Ha Npu-
CbCTBMETO M OTCHLCTBUETO HA CTPaAHUYHU
uspactoeun /6pata/ Ha pacTeHusTa npwu
HSIKOM HOBOCH34aAEeHN BUCOKOMPOAYKTUB-
HU xnbpuaun 3axapHa /cnagka/ uapesuua
MO OTHOLWEHWE Ab/DKMHATA Ha KoyaHa,
pebenMHata Ha kodaHa M gbnbounHaTa
Ha 3bPHOTO Ha Ko4aHa.

MpoyyeHn ca 5 HOBO cb3ganeHu
BMCOKO NPOAYKTUBHU Xnbpuaun 3axapHa
/cnapkal uapeBuua, XxapakTepuampallm ce
C NO-HWCKa CTeneH Ha nosBa Ha cTpa-
HWUYHW M3pacTblUy B CpaBHEHWEe C nose-
4yeTo cpeLlaHy copToBe OT TO3M TUN Lape-
BMUa. B pesyntat oOT u3cregBaHeTo e
YCTAHOBEHO, Y€ MPU PEKONTUPAHETO Ha
uscneaBaHnTe Xnbpuan pacTeHusTa Cbe
CTpaHMYHM M3pacTbUn 1 Te3n 6e3 TakmBa
HAMaT AOCTOBEPHM pas3Nnuus Nno OTHO-
WeHne cpefHaTa Ab/xuHata u gebenu-
HaTa Ha KoyaHa. Makap M HeLoCTOBEpPHO
[oKasaHu, npu noBevyeTo OT M3cnenBaHu-
Te xmbpuan, pacTeHuaTa vMmawm crpa-
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SUMMARY

The article presents the results of a
study of the impact of the presence and
absence of side growths /brothers/ plants
in some newly created high-yielding sugar
/sweet/ maize hybrids with respect to the
length of the cob, the thickness of the cob
and the depth of the grain on the cob.

Five newly created high yielding
sugar /sweet/ maize hybrids have been
explored, characterised by a lower
incidence of side growths than most of the
varieties of this type of maize. As a result
of the study, it was found that when
harvesting plants with side growths and
those without such, in the case of hybrids
examined, there were no credible
differences in relation to the average
length and thickness of the cob.

But, although improbable proven, in most
of the hybrids studied, the plants having
side growths have slightly higher values of
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HWYHM M3PpacTbLyM ca C Maslko MO-BUCOKU
CTOWHOCTM Ha Ab/HKMHATA U AebenvHaTta Ha
KOoYaHa,n 0CO6EeHO Ab/MKMHATA Ha 3bPHOTO.

KntouoBun aymu: 3axapHa /cnagka/
uapesuua, 6paTMMOCT Ha pacTeHus,
BNMSHME Ha bpaTaTa.

yBO/[,

Mpe3 nocnegHuTe roAvHWM Yy Hac
BCe MNoBeye ce OTriexaar cneumanHm
COpTOBE LapeBuLa 3a ANPEKTHA KOHCYMa-
LuMsa OT xopaTa, No-U3BEeCTHU KaTo 3axap-
Ha nnn cnagka uapesuya (Tosheva, 1997;
Glogova, 2010; Yordanov, 2010, 2014).
Mopaay OTANYHMTE BKYCOBU KauvecTBa,
KaKTo 1 34paBOC/MOBHWSA HAUYMH Ha XpaHeHe,
KOMTO 3axapHaTa uapeBuLa OCurypsia Ha
xopata TA e npegnounTaHa 3eneHyykoBa
KynTypa (Tracy, 1990).

XapaktepHa 0co6eHOCT Ha 3axap-
HaTa uapeBula e GpaTeHeTo Ha HeliHuTe
pacTeHus B pas/siMyHa cteneH. MNpu Hakon
COpTOBE TO € TBbpAe CWUIHO U BOAM [0
CU/IHO CrbCTABaHe Ha nocesuTe. MNopaau
Tasn npuynHa peauua npoussBoauTenu
cumTart, ye CTpaHW4YHUTE M3pacTbLM Ha
cTbbnaTa npeyar Ha OCHOBHOTO cTe6s10
Karo OTHeMaT 3HauuTesiHU Ko/mMyecTsa
nnacTu4yHM BellecTBa. 3a fa nosuwar
[obyBUTE Ha CTaHAapTHU KOYaHU HSAKOU
OT npousBoAuUTENNTE Mpemaxsar mexa-
HUYHO CTPaHW4YHUTE U3PacTbUU Ha CTbLO-
naTta HagsaBaiiky ce Ha no-gobpa npoayk-
umsa. Tasn onepaums obave e TBbpAE
TPpyAOeMKa M MOHWXKaBa peHTabusHocTTa
OT OTIexJaHeTo Ha 3axapHaTta uapeBu-
ua. EdektuBHoCTTa OT CamMOTO npemax-
BaHe Ha CTpaHWyHUTE u3pacTblUn Ha
cTbbnata e TBbpAe HesCHa U MMa KakTo
NPUBBLPXKEHULN, Taka N MPOTUBHULN.

Llenta Ha HacTosLLeTO n3cnensaHe
6e fa ce ycTaHOBM B/USHMETO Ha Hanu-
4Y/MeTO Ha CTpPaHW4YHU pPaskIoOHEeHUs Ha
pacTeHMsATa U TAXHOTO OTCbLCTBME NpU
CbBPEMEHHWN, BUCOKO NPOAYKTUBHU XMWO-
puau 3axapHa LapeBunua Bbpxy Ab/DKUHA-
Ta Ha KouyaHa, febenuHata Ha KodaHa U
AbnboymHata Ha 3bPHOTO Ha KoYyaHa BbB
BPb3Ka C NOo-ePEKTUBHOTO NPaKTUYECKOTO
OTrnexjaHe Ha Tasu KynTypa.

the length and thickness of the cob, and
especially the depth of the grain.

Keywords: sugary /sweet/ corn,
plant tillers, influence of plant tillers.

INTRODUCTION

In recent years, special maize
varieties for direct consumption by people
more known as sugar or sweet corn
(Tosheva, 1997; Glogova, 2010;
Yordanov, 2010, 2014).

Because of its excellent flavour, as well as
the healthy eating method it provides to
people, sugar corn is a preferred
vegetable culture (Tracy, 1990).

A characteristic feature of sugar
corn is the presence of side plant
branches (brothers) of its plants to varying
degrees. In some varieties, it is too strong
and leads to strong compaction of the
crops. For this reason, a number of
producers consider that the stem stalks
interfere with the main stem by taking
significant amounts of plastics. In order to
increase the yields of standard cobs,
some of the producers have mechanically
removed the lateral growths of the stems,
hoping for a better production.

However, this operation is too labour-
intensive and reduces the profitability of
growing corn. The effectiveness of just
removing the lateral growths of the stems
is too vague, and it has both supporters
and opponents.

The purpose of the present study
was to reliably establish the influence of
the presence of lateral branches of plants
and their absence in modern, high
yielding sugar corn hybrids on the length
of the cob, the thickness of the cob and
the grain depth of the cob in relation to the
more effective cultivation of this culture.
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MATEPWNAN N METO4WA

3a npoyyBaHe B/IMSAHNETO Ha Hasu-
Y/MeTO Ha CTpPaHW4YHU pPaskNoOHEHUs Ha
pacTeHussTa U TAXHOTO OTCbCTBME BbLPXY
Ob/XnHaTa Ha kovyaHa, aebenvHaTta Ha
KoyaHa W Abnb6oynmHata Ha 3bPHOTO Ha
KouaHa 6sxa M3non3BaHu 5 HOBWM BUCOKO
NPOAYKTUBHU XMOpMAN 3axapHa LapeBu-
ua. Xnbpmnante 6sxa cb3gageHun n n3nu-
TaHW 3a MNPOAYKTMBHOCT M KayecTBO Ha
3bPHOTO B NPeAXOAEeH nepuop OT asTopa
N cnepj kato nokasaxa fo6pu pesyntatu
6s1Xa BK/IIOYEHN B paHAOMU3MpPaHN 6/10KO-
B onuTn. ONUTUTE ca U3BEeXAaHn B Tpu
NOBTOPEHUs, NpU ycnoBusa 6e3 HarnosiBaHe
M rbctoTta Ha nocesa 41000 pacTeHus Ha
XeKTap. Vi3cnefBaHeTo e npoBeAeHo npes
neprvoga 2013-2015 roguHa. Xnbpuaute
3axapHa LapeBsuua yvyacTBasim B nscnen-
BaHeTo ca 0603HaYeHW C YC/I0BHU Bpe-
MeHHU Homepa K6-1, K6-5, K6-13, 119-1 u
M9-9. CammnTe Xxnmbpmuan He ca CbC CUHO
pask/ioHeHu cTebna — peasiHo uMat no 1-2
[0 3 CTpaHU4YHU Pask/IOHEeHUs C AOMUHU-
pallo ueHTpasnHo ctebso. 3a ga ce ocu-
rypaT asarta Bufa pacTeHuss — cbC U 6e3
CTPaHWYHM pas3K/IOHEeHMS, Ha 4acT oT
pacteHusiTa B ONWTHUTE napuenn 6sxa
npemMaxHaTm pPbYHO BCUYKN CTPaHUYHMU
pasknoHeHuss Ha cTebnarta B nepuoga
npeg usmeTnasaHe Ha pacteHuata. Onu-
TUTe 6sAXa pekonTupaHu npu onTumasiHa
TEXHOMIOTMYHA 3PefiocT Ha KovaHuTe,
XapakTepHa 3a 3axapHarta uapesuua.
M3mepBaHusTa Ha Ab/HKMHATA Ha KovaHa,
pebenuHata Ha KoyaHa U Abn6ouvnHata
Ha 3bPHOTO Ha Ko4aHa ce OCblUecTBsBa-
Lle Ha BCAKO eHO OTAEesIHO pacTeHue CbC
unn 6e3 cTpaHWyHM PaskNoOHeHUs, cnep
KOeTO Cce ocpefHsBaxa MosyvyeHuTe pe-
3ynTatM M ce usuucnssalle BapuaLyoH-
HUS  KoeduumeHT. [onyyeHuTe cpegHu
CTOMHOCTM Ha CbOTBETHWUTE W3MEpPBaHU
rnokasaTenu ce cpaBHsiBaxa 3a [10CTOBep-
HOCT Ha pasnuknte. CpefHaTa aputme-
TUYHa Xcp., BapuaLMoHHUA KoeuuneHT
VC% 1 [OCTOBEpHOCTTa Ha pas/iMkuTe ca
U34McnsaBaHU Mo obLlionpueTuTe cratuc-
Tnyeckn cpopmynu (Zapryanov, 1983).

MATERIAL AND METHODS

To study the influence of the
presence of side branches of plants and
their absence on the length of the cob, the
thickness of the cob and the depth of the
grain of the cob, 5 new highly productive
hybrids of sugar corn were used. Hybrids
were created and tested for grain
productivity and quality in a prior period
and, after showing good results, were
included in randomized block trials to
assess the impact of plant branching and
their absence on the thickness of the cob
and the grain depth of the cob. The trials
were conducted under irrigation
conditions at a stock density of 41000
plants per hectare. The survey was
conducted over the period 2013-2015.
Sugar corn hybrids involved in the study
are designated with provisional temporary
numbers K6-1, K6-5, K6-13, P9-1 and P9-
9, because their actual formulas are
confidential. The hybrids themselves do
not have highly branched stems - they
actually have 1 to 2 to 3 lateral branches
with a dominant central stem. In order to
provide the two types of plants - with and
without side branches, part of the plants in
the experimental plots were manually
removed by all lateral branches of the
stalks in the period before the plants were
scraped off. The experiments were
harvested at the optimum technological
maturity of the cobs, characteristic of
sugar corn. Measurements of cob length,
cob thickness, and cob grain depth were
performed on each individual plant with or
without lateral branching, after which the
results obtained were averaged and the
coefficient of variation was calculated.

The average values of the respective
measured indicators were compared to
the reliability of the differences. The
arithmetic mean Xcp, the variation
coefficient, VC% and the reliability of the
differences were calculated according to
the general accepted formulas
(Zapryanov, 1983).
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CpefHuTe apuTMeTWyHn X1y Xz
nsuncnsBaxme no dopmynara :

— XXy
Xy =
i
Kboeto: *anm Xz— CTOMHOCTM Ha
nokasarens: *ium Xz; n — 6poWn

CTOHOCTM Ha nokazaTens:; £1m Xz
BapvaunoHHusa koedmumneHt VC%
nsuucnssaxme no popmynara:

VC% =

Kbgeto: S —  cpegHo
OTK/IOHEeHWe; X — cpefHa apuTMeTMyHa

,ﬂ,OCTOBepHOCTTa Ha pa3nukara t

n3uncnisBaxme no chopmynara :

x5 — %5

J5%, - 5%,

&=

Kbaeto: X1 — cpegHa CTOMHOCT Ha
NbpBUA CpaBHABaH nokasaTten, Xz -
cpefHa CTOMHOCT Ha BTOpMSA CpaBHABaH
nokasaresn; SXa n SXa2 — CpeHu rpeLukn
Ha CpaBHABaHUTE CPeHN apUTMETUYHMN.

PE3YJITATU N OBCBXXOAHE
Ha Ta6nvuua 1 ca npeacraBeHu
pesyntatute OT B/INSHMETO Ha OTCbC-
TBUETO WM HA/IMYMETO HA CTPaHUYHU
pa3K/IOHEHUSA Ha pacTeHusATa BbpXYy AbJl-
XMHata Ha KouyaHa npu u3cnegsaHuTe
Xmbpuam 3axapHa Lapesuua. TA e BaxeH
rnokasaten npu 3axapHaTta Lapesuua,
KOWTO uma B3aMMOBpPb3ka He camo C
NPOAYKTUBHOCTTA Ha pacTeHusTa, a U C
nosydeHns Aobus oT TAX. Ab/KuHaTa Ha
KoyaHa Mpu 3axapHata uapeBuua uma
3HaYeHMe 1 3a YUCTO TbProBCKMSA BUA HA
KOoyaHUTe, KOEeTO nNpuBAMYA KIIMEHTUTE.
Mo-gbnrnute KoyaHW 3axapHa uapesuua
€CTeCcTBEeHO ca no-npeanovyMTaHn oT no-
KbCUTE W MNOpagn 4YUCTO KONNYECTBEHU
npuunHu. OT pgpyra cTpaHa npov3Boam-

Xa —
2 )

The average arithmetic -Tl and fz
we calculated by the formula:

Xxg

Where: *1 and Xz - values of the metric
X1 and *z; n - number of values of the
metric X1 and X2

The variation factor
calculated using the formula:

vc% was

5.100

X

KBaApaTHO | Where: S - mean squared deviation; X -

arithmetic mean
The credibility of the difference t
was calculated using the formula:

Where: X, - the average of the first
benchmark; X, - the average value Q‘ the
second benchmark; S*1 and SX=z -

mean errors of the computed average
arithmetic.

RESULTS AND DISCUSSION

Table 1 presents the results of a
study of the impact of the absence or
presence of side branches of the plants
on the length of the cob in the hybrid
maize hybrids studied. Cocoon length is
an important indicator for sugar corn. It
has a relationship not only with the
productivity of the plants but also with the
yield obtained from them.

The length of the cob with sugar corn is
also important for the pure commercial
appearance of the cobs. Longer sweet
corn cobs are naturally more preferred
than shorter and for purely quantitative
reasons. On the other hand,
manufacturers and retailers are not
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TenuTe n TbproBuuTe He ca 3avHTepe-
coBaHM pfa npogasBaT TBbpAe ronemu
KoyaHM 3axapHa uapeBuua, 3awoTo Te
npogaBaT Ko4yaHUTe Ha 6poiika. OBUKHO-
BEHO xmbpuauTe 3axapHa uapesuua c
MHOrFO Ab/rM KOYaHW NpousBexpar camo
no eguH Ko4vaH, KOeTo HamasnsiBa o6wus
6poii MpouM3BeAEHN KOYaHW OT efuHuua
noceeHa nsow,. ETo 3awo 3a npegnoyu-
TaHe e Ko4YaHMTe Ha 3axapHara Lapesuua
Ja ca cpefHO Abnrn. ObmkuHata Ha
KoyaHa nMpu 3axapHaTa LUapeBuua e
reHeTUYHO npejonpefesieHa 3a BCeku
COpT, HO B/IMSIHWE OKa3Ba W HaunHa Ha
oTrnexgaHe Ha nocesa. OcobeHo BAUS-
HMEe BBbPXY HEA MMa CrbCTABAHETO Ha
nocesa. Npu BUCOKa MbCTOTA KOYaHUTE Ha
uapesuuarta ctasar no-gpe6Hu. B Tasu
Bpb3ka 61 MOIM0 ga ce Npeanosioxu, ye
pacTteHusiTa C MoBeYe CTPaHWYHWN Pa3K/io-
HEHMS 6Mxa MMasiM HEeraTUBHO B/USIHWE
BbPXY Ab/DKMHATA Ha Ko4aHa npu 3axap-
HaTa uapesuua. B Hawwnsa cnyyali 4bmku-
HaTa Ha koyaHa Bapupa oT 19,6 o 23,4
cm npu pasnuyHuTe xubpugn. C Haii-
ObNMN KOYaHW ca 3axapHute xubpuam
yapesmya K 6 -1su, K 6-13 su un I 9-9 su,
a ¢ Hali-kbcu — K 6-5su 1 M 9-1su.
MpoyyBaHeTo, KOETO HanpaBuxme
BbPXY M3CnedBaHUTe Xxmbpuan 3axapHa
uapesuua, Tabnuua 1 nokassa, ye AbI-
XMHaTa Ha Ko4yaHa npu pacTeHusita, nma-
WM CTPaHUYHU Pas3K/IOHEHUS U Te3n 6e3
TakyBa He Ce pas/nyaBa CbLLECTBEHO.
Mpu HAKOM OT XMOPUANUTE Ab/HKMHATA Ha
KoyaHa e Masiko no-ronsiMa npu pacre-
HUATA MMaLLM CTPaHWYHU Pa3KIOHEHUS,
npv Apyrn e o6patHoO, HO KaTo LANo pas-
NMKnTe ca HecbwecTBeHW. OT Hanpase-
HOTO MpOyyYBaHe MOXEe [a Ce Harnpasu
3aK/1l0yeHne, Ye Mpu HOBO CeNEeKLUOHU-
paHuTe Xxubpuanm 3axapHa Lapesuua,
oTNMyaBalwy Cce C No-Maibk Gpoii
CTpaHWYHM pask/ioHeHUss Ha cTebnaTta,
Ob/MKMHATa Ha Ko4YaHa He ce Bvse
CbLLECTBEHO OT TOBa Aa/M pacTeHusTa
ca CbC Unm 6e3 CTPaHNYHN Pa3KIOHEHNS.

interested in selling too big cobs of sugar
corn because they sell the cobbles.

Typically, hybrid corn sugar with very long
cobs produces only one cub, which
reduces the total number of cocoons
produced per unit of area. Therefore, it is
preferable that the cobs of the sugar
maize be of medium length.

The length of the cob in corn sugar is
genetically predestined for each variety,
but also influences how the crop is grown.
Particular impact on it is the thickening of
the crop. At high density corn cobs
become smaller.

In this connection, it could be assumed
that plants with more side branches would
have a negative impact on the length of
the cob in sugar maize.

In our case the length of the cob ranges
from 19.6 to 23.6 cm in the different
hybrids. The longest cobs are sugar
hybrids of corn K 6 - 1su, K 6 - 13su and
P 9-9su with the shortest cobs - K 6 - 5su
and P 9-1su.

The study we conducted on the
sugared corn hybrids tested, Table 1
shows that the length of the cobweb in
plants having side branches and those
without these does not differ significantly.

In some of the hybrids, the length of the
hindquarter is slightly larger in the case of
plants having side branches, while others
are vice versa, but generally the
differences are insignificant.

From the study, it can be concluded that
in the newly selected sugar maize
hybrids, with fewer side branches, the
length of the stem is not significantly
influenced by whether the plants are with
or without side branches.
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Ta6nvua 1. BAnsiHve Ha OTCHCTBME UMW HAJTMYME HA CTPAHMUYHU Pa3k/IOHEHNS Ha
pacTteHusTa (6patsl) Npyu Xu6puau 3axapHa UapeBula BbPXYy Ab/DKMHATA Ha

KO4YaHa, Cm

Table 1. Influence of absence or presence of side plant branches (brothers) of
sweet corn hybrids on length of the cob, cm

Xubpua/roguHa [Mokasaten [bmkuHa Ha koyaHa / Cob length, cm [ocTtoBepHocT
Hybrid/Year Pactenus ¢ |pa3nuka tcm| PacTeHns 6e3 [pasnvka +cM|  Ha passivkarta
Indicator 6pars difference 6parsa difference t
Plants with +cm Plants without +cm Reliability
brothers brothers of the difference
ObmkuHa Ha ObmkuHa Ha t
KoyaHa KoyaHa
Cob length, cm Cob length, cm
2013

K6 —1su x 23.4 -0.2 23.6 +0.2 He
VC% 4.7 2.1 no

K6 —5su x 21.0 +0.4 19.6 -0.4 He
VC% 5.7 8.7 no

K6 —13su x 23.4 +1.4 22.0 -1.4 He
VC% 7.3 4.5 no

2015

Mn 9-1su x 21,3 +0,6 20,7 -0,6 He
VC% 2,3 7,2 no

M 9-9su x 22,5 -0,5 23,0 +0,5 He
VC% 2,7 3,5 no

Ha Tabnuua 2 ca npeactaBeHu
pesynrtatute OT Npoy4YBaHe BNAHUETO
Ha OTCHCTBMETO UMM HAIMYMETO Ha CTpa-
HUYHW pa3K/IOHEHUA Ha pacTeHusATa Bbp-
Xy febenvHata Ha KoyaHa npu uscneg-
BaHWTE XMbpuamn 3axapHa uapesuua. Ts
CbLLIO € BaXKEH nokasaresi Npu 3axapHara
uapesuua 1 nma B3aMMOBpPb3Ka HE caMo
C NPOAYKTMBHOCTTA Ha pacTeHusATa, HO U
C nosyyeHua gobus ot Tax. Mma ouwe
3HayeHVe N 3a YUCTO TbProBCKMA BUA Ha
KoyaHuTe, KOeTo MpuBaMya KNneHTute. B
HaweTto wu3cnegsaHe pebenvHata Ha
KoyaHa Bapvpa oT 44,7 pno 54,8 mm npu
pasnmyHuTe xubpugn. C Haii-gebenm
KOYaHu ca 3axapHuTe xubpuan uapesuua
K6 — 13su n K 6 — 1su, a ¢ Hall-TbHKM
KoyaHu - 1 9-1su , K 6 — 5su 1 I 9-9 su.

Mo-pebenvte koyaHW 3axapHa Lape-
BML A €CTEeCTBEHO ca Mo-npeanoyvnTaHm
OT MO-THHKMUTE U Nopaau YNCTO Kosnyec-
TBEHM npuunHun. OT gpyra cTpaHa npous-
BOAMTENNTE W THLProBUWUTE HE ca 3auH-
TepecoBaHV fAa npojasaT TBbpAE rose-
MW KOYaHW 3axapHa uapesuua, 3aLoTo
Te npojasat KovaHuTe Ha 6poiika. O6uk-
HOBEHO XxubpuauTe 3axapHa Lapesuua c

Table 2 presents the results of a
study of the influence of absence or
presence of plant branching on the
thickness of the cob to the hybrid maize
hybrids studied. It ranges from 44.7 to
54.8 mm in the different hybrids. The
most fat cobs are the corn K 6 - 13 su
and K 6 - 1su maize hybrids and the
finest cobs - P 9-1 su, K 6 - 5su and
P 9-9 su. Thickness of the cob is also an
important indicator for sugar corn. It has a
relationship not only with the productivity
of the plants but also with the vyield
obtained from them. Coconut thickness
for sugar corn is also important for the
pure commercial appearance of cobs,
which attracts customers.

The thicker corn cobs are naturally
more preferred than the thinner and
purely quantitative reasons. On the other
hand, manufacturers and retailers are not
interested in selling too big cobs of sugar
corn because they sell the cobbles.

Typically, hybrid corn kernels with very
thick and long cobs produce only one
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MHOro fge6enn n AbArK KoYyaHu Mnpous-
BeXJaT camMO MO efVH Ko4yaH, KOoeTo
HamasnsBa o6wms 6poit npousBeaeHn
Ko4YaHu OT efMHMLLa NOCEBHA MJ/IOLL,.

ETo 3awo 3a npegnoyntaHe e
KoyaHMTe Ha 3axapHaTta uapeBuua ga ca
cpepHo pebenn. [JebenmHata Ha KoyaHa
npu 3axapHaTta LapeBuua € reHeTU4HO
npegonpegeneHa 3a BCEKM COPT, HO
B/IMSIHME OKa3Ba WM HauyvHa Ha oTrnexaa-
He Ha noceBa. OCOGEHO BANSHUE BBLPXY
Hest MMa CrbCTABaHeTO Ha nocesa. [pu
BMCOKa MbCTOTa KOYaHuUTe Ha Lapesuuara
cTaBaT no-gpe6Hu. B Tasu Bpb3ka 6u
MOI/10 Aa ce Npeanosioxu, Ye pacteHuns-
Ta C noBeye CTPaHWYHW pPasK/IOHEeHUS
6uxa MMasn HeraTuBHO B/IUSIHNE BbPXY
pebenvHata Ha ko4aHa npu 3axapHaTa
uapesuua.

cub, which reduces the total number of
cocoons produced per unit of sowing
area.

Therefore, it is preferable that the
cobs of sugar corn are medium-thick. The
thickness of the cob in corn sugar is
genetically predestined for each variety,
but also influences how the crop is
grown. Particular impact on it is the
thickening of the crop.

At high density corn cobs become
smaller. In this connection, it could be
assumed that plants with more side
branches would have a negative impact
on the thickness of the cob in sugar corn.

Tabnuua 2. BnvsaHue Ha OTCbCTBME WU HAYTMYME Ha CTPAHUYHW pa3k/IOHEeHUs Ha
pacTeHuATa Npu xmbpuamn 3axapHa uapesunua Bbpxy gebdenvHara Ha koyaHa, mm
Table 2. Influence of absence or presence of side plant branches (brothers) of
sweet corn hybrids on thickness of the cob, mm

Xubpua/rognHa | Mokasarten [Jeb6enuHa Ha koyvaHa / Thickness of the cob, mm [ocTtoBepHocT
Hybrid/Year PacteHus c |pa3nuka +cm|PacTeHus 6e3| pasnuka + Ha pasnukaTa
Indicator 6pata difference 6para cM t
Plants with +cm Plants without| difference Reliability
brothers brothers +cm of the difference
Leb6ennHa Ha [Leb6enuHa Ha t
Ko4yaHa Ko4yaHa
Thickness of Thickness of
the cob, mm the cob, mm
2013
K6—1 x 51,8 +1,2 50,6 -1,2 He
VC% 5,6 9,7 no
K6 -5 x 47,4 +0,4 47,0 -0,4 He
VC% 4,8 51 no
K6—13 x 54,8 +3,8 51,0 -3,8 He
VC% 2,0 2,3 no
2015
no-1 x 447 -0,2 49,7 +0,2 He
VC% 3,5 1,0 no
M 9-9 x 49,5 -0,2 49,7 +0,2 He
VC% 3,5 1,0 no

MpoyyBaHeTO, KOETO HanpasBuxme The study we made on the sugared

BbpPXY M3crefBaHMTe Xubpuau 3axapHa
uapesuua, Tabnvua 2 nokassa, ye gebe-
JIVHaTa Ha Ko4aHa npuv pacTeHusaTa uma-
WM CTPaHWYHW Pas3KNOHEHUSA 1 Te3n 6e3
TakvBa He ce pas/inyaBa CbLLECTBEHO.
Mpwn HAKOM OT XMbpuanTe gedbenvHaTa Ha

corn hybrids tested, Table 2 shows that
the thickness of the cobweb in plants
having side branches and those without
these does not differ significantly.

In some of the hybrids, the thickness of

151



KoyaHa e Mafiko no-ronsmMa npu pacre-
HUATA MMaly CTPaHUYHU PaskKiIoOHEeHUS,
npu gpyrn e obpatHo, HO Kato UsAIo
pasnuknTe ca HecblecTBeHU. OT Hanpa-
BEHOTO Mpoy4YBaHe MOXe [a ce Harnpasu
3aK/Il0yeHne, Ye Mnpu HOBO CeNeKUMOHK-
paHuTe Xxmbpuam 3axapHa LUapeBuua,
oTMyaBalWy ce C MNo- MasTbK Opoii
CTpaHM4YHM Pas3KNOHEHUS Ha cTebnara,
pebenMHata Ha KoyaHa He ce Bvse
CbLLECTBEHO OT TOBa Aa/In pacTeHusATa
ca cbC unm 6e3 CTpaHMYHN Pa3K/IOHEHUS.

Ha Ta6bnuua 3 ca npeactaBeHu
pesyntatute OT Npoy4YyBaHe BUAHUETO
Ha OTCHCTBMETO UAN HAIMYMETO Ha cTpa-
HWYHW pasK/IOHEHWS Ha pacTeHusiTa Bbp-
Xy Ab/DKMHaTa Ha 3bpHOTO, (Mm) npu 13-
cnegBaHuTe xubpuanm 3axapHa uapesuua.
Ta Bapupa ot 12,3 go 13,4 mm npu
pasnuuHmuTe xmbpman. C Hain-AbN60KO
3bPHO Cca 3axapHuTe xmbpuan uapesuua
K6 — 1suun K6 —5su u I 9-9su, a ¢ Hali-
KbCO 3bpHO ca 1 9-1sun K 6 — 5su.

the hindquarter is slightly larger in the
case of plants having lateral branches,
while others are opposite, but generally
the differences are insignificant. From the
study, it can be concluded that in newly
selected sugar maize hybrids with fewer
side branches, the thickness of the stem
is not significantly influenced by whether
the plants are with or without side
branches.

Table 3 presents the results of a
study of the influence of the absence or
presence of side branches of plants on
the grain length, mm in the hybrid maize
hybrids studied. It ranges from 12.3 to
13.4 mm in the different hybrids.

The most deep grain is sugar maize
hybrids K 6 - 1 su and K 6 - 5su and
P 9 - 9 su, and the shortest grains are
P 9-1su and K 6 - 5su.

Ta6bnuua 3. BnunsAHMe Ha OTCHLCTBUMETO WM Ha/IMYMETO HA CTPaHU4HU
pPa3K/IOHEHUS Ha pacTeHMdATa MNpu  XMopuUaM 3axapHa uapeBuLa BbPXY
Ob/DKMHATa Ha 3bPHOTO, MM

Table 3. Influence of absence or presence of side plantbranches (brothers) of
sweet corn hybrids on Length of the grain, mm

Xubpuga/rognHa [Mokasatern [bmxkuHa Ha 3bpHoTO / Length of the grain, mm [JoctoBepHocT
Hybrid/Year PacteHuss ¢ |pa3nuka +cMm| PacTeHusi 6e3 | pasnuka Ha pasnukara
Indicator 6pata difference 6para *CM t
Plants with +cm Plants without |difference Reliability
brothers brothers +cm of the difference
[bknHa Ha [bmknHa Ha t
3BbPHOTO 3bpHOTO Length
Length of the of the grain,
grain, mm mm

2013

K6—1 x 13,4 +1,0 12,4 -1,0 He
VC% 6,7 4,0 no

K6—-5 x 12,8 +1,0 11,8 -1,0 He
VC% 31 6,8 no

K6 —13 x 13,0 +1,0 12,0 -1,0 He
VC% 54 5,8 no

2015

Mo-1 x 12,3 +0,5 11,8 -0,5 He
VC% 9,7 4,2 no

M 9-9 x 13,0 +1,0 12,0 -1,0 He
VC% 6,1 1,0 no
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ObmkuHata Ha  3bpHOTO  npwu
3axapHarta uapesuua e BaxHa npeau
BCUYKO MNPV COPTOBETE OTHexaaHn 3a
KOHcepBupaHe. lMo-A4bArotTo 3LPHO Aasa
Bb3MOXHOCT fJa Ce [Mo/syyn Mo-BUCOK
paHoemaH OT BCekM efnH obpaboTeH
KouaH 3axapHa Lapesuua.

B pe3ynTaTt oT npoy4yBaHeTo, npea-
cTaBeHO Ha Tabnuua 2 ce ycTaHoBW, 4ye
Ob/HXMHaTa Ha 3bPHOTO MpU pacTeHuaTa
UMaLy CTpPaHWYHU pasK/IOHEHUA e Mo-
ronfAma Cc OKO/I0 1mm B CpaBHEHMe C
Ob/IXnHaTa Ha 3bPHOTO MPU pacTeHuATa
6e3 CcTpaHWYHU paskioHeHus. Tasu pasnu-
Ka Makap, ye He e CTaTUCTUYECKM [0oKa-
3aHa, HO e TeHAEeHUUs KoATo ce Habsito-
JaBa Nnpu BCUYKN BapuaHTU M3MNO0M3BaHU
B HacTosiLLeTo nscnensaHe. OT Hanpase-
HOTO MNpoy4yBaHe MOXe fJa ce Hanpasu
3aK/louyeHme, Yye Npu HOBO CESEKLMOHU-
paHuTe XnMbpuan 3axapHa Lapesuua, oT-
inyaBally ce ¢ No-MasTbK 6poli CTpaHuy-
HW pask/IoOHeHWA Ha cTebnara, Ab/KuUHa-
Ta Ha 3bPHOTO He ce B/isie CbLLECTBEHO
OT TOBa Jann pacTeHusTa ca CbC WU
6e3 CTpaHW4HW pask/IoHeHus. Hanuue e
Jopu  TpaliHa 3aBUCUMOCT Npu  KOATO
Ob/XnHaTa Ha 3bPHOTO e Mo-ronsama npu
pacTeHusATa CbC CTPaHUYHU Pa3KoOHEeHNs
Ha cTebnaTa.

N3BOAN
ObmxuHata W pebenvHata  Ha
KkoyaHa nNpu UM3creABaHUTE  Xmubpuam

3axapHa /cnagka/ uapesuua He ce Bnusie
CbLWECTBEHO OT HA/IMYMETO WU OTCbC-
TBMETO Ha CTPaHUYHWU pasKNOHEHMS Ha
pacTeHusTa.

Ab/knHata Ha  3bpPHOTO  Mpw
BCMYKM UM3cneaBaHn xubpuay 3axapHa
/cnagka/ uapeBuuya e no-ronsiMa C OKoJsio
1mm npu pacTeHusTa, MMaly CTpaHUYHM
n3pacTbUy, KOETO € TeHAeHUMsl, makap
Tasn pasnuka fda He € [OCTOBEPHO
JokasaHa.

The length of the grain in sugar
maize is important, above all, for varieties
grown for preservation. The longer grain
gives the opportunity to obtain a higher
yield from each processed cocoon of
sweet corn.

As a result of the study presented
in Table 2, it was found that the length of
the grain in plants having lateral branches
was greater by about 1 mm compared to
the length of the grain in plants without
side branches.

This difference, though not statistically
proven, is a trend observed in all the
variants used in this study.

From the study, it can be concluded that
with the newly selected sugar maize
hybrids, with fewer side branches, the
length of the grain is not significantly
affected by whether the plants are with or
without side branches.

There is even a lasting dependency in
which the grain length is greater in plants
with lateral branches of the stems.

CONCLUSIONS

The length and thickness of the cob
in the sugared /sweet/ corn hybrids tested
is not significantly affected by the
presence or absence of side branches of
the plants.

The grain length for all sugars
/sweet/ maize hybrids is greater by about
1 mm in plants having side shoots, which
tends to be, although this difference is not
reliably proven.
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PE3OME

B Hawarta cTpaHa Lapesuuata e
TpagMLMOHHA KynTypa WU OCUrypsiBa OCHOB-
HaTa 4YacT OT KOHLEHTPUPaHUAT doypax u
cnnax 3a XWBOTHOBBLACTBOTO. 3a YC/o-
BuaTa Ha CesepHa Bbnrapusa 19 e Hai-
LUMPOKO 3acTbleHata Kyntypa U 3aema
ronamMa 4acTt OT njowuTe B 3emefen-
CkuTe cTonaHctBa. MHoro 4ecto, T8 ce
oTrnexja Ha efHa W cblia noLl, KoeTo
BOAM 0 MAcCOBO HaMHOXaBaHe Ha UKOHO-
MUYECKN BaXXHU B0NECTU N HeENpuaTenu, B
TOBa 4NCMO U 3anafieH LapeBuyeH KOpeHoB
yepseit — Diabrotica virgifera virgifera Le
Conte, KONTO B OTAE/HU TOAWHY € B CbCTOS-
HVe [a HaHece 3HauUTesIHM NoBpeaMU.

Diabrotica virgifera virgifera Le
Conte e WWNPOKO pasnpocTpaHeH BUA,.
Mpe3 XX Bek ce npespbllia B OCHOBEH
Bpeauten no uapesuuata B CeBepHa
Amepuka. B EBpona e uHTpoAyuupaH B
nepuoga 1980-2000 r.

Y Hac 3anagHuAaT uapeBUYeH Kope-
HOB 4epBell 3a MpbB NbT € YyCTaHOBEH
npe3 1998 r., kato HaBnu3a B CeBepo3a-
nagHa bbrapusa ot Cbpbus. MNocteneHHo
TON ce pasnpocTpaHsBa B 06nactm B
3anagHa v UeHtpanHa bbnrapusa. Henpus-
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SUMMARY
In our country, corn is a traditional
crop and provides the bulk of

concentrated feed and silage for animal
husbandry. For the conditions of Northern
Bulgaria it is the most widely represented
crop and occupies a large part of the area
on agricultural holdings. Very often, it is
grown on the same area, leading to a
mass multiplication of economically
important diseases and pests, including
the western corn rootworm - Diabrotica
virgifera virgifera Le Conte, which in some
years is capable of causing significant
damage .

Diabrotica virgifera virgifera Le
Conte is a widespread species. In the
twentieth century, it became a major pest
of corn in North America. It was
introduced in Europe between 1980 and
2000.

In  Bulgaria, the western corn
rootworm was first established in 1998,
entering north-western Bulgaria from
Serbia. It is gradually spreading to areas
in western and central Bulgaria.
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TENAT BCE Olle He e pasnpocTpaHeH
MacoBO Ha TepuTopusiTa Ha cTpaHaTa u
TOBa Haslara npejnpuemMaHeTo Ha peguua
MEepKM 3a orpaHuMyaBaHe u YHuLLOXaBaHe
Ha Bb3HUKHaUIUTE OrHULLA.

Hskon ocobeHocTn oT 6uonoruaTa
Ha BUAa ca npuynHa Tol Aa ce npeBbpHe
B OMaceH HenpusTen: npu XpaHeHeTo cu
npuyYnHaABa AMpPEeKTHa noBpefa, Bb3pacT-
HWTE HacekoMu MMaT CMOCO6HOCT ga ce
pasnpocTpaHsaBaT 4upe3 akTMBEeH MoseT,
6bp30 ca pasmMHOXasaT npy 6naronpusT-
H/W YCMOBMSA W MMa LUMPOKA EeKOSI0rMyHa
NnAacTUYHOCT.

KntouoBn aymm: uapesuua,
Diabrotica virgifera virgifera, kKoHTpon

YBO[,

C yBenuuaesaHe Ha nJjowute c
Lapesyua B Hallata CTpaHa ce ocuryps-
BaT 6n1aronpusaTHM YCNOBUSA 3a pasBuTue-
TO U HAMHOXaBaHeTo Ha peauua Henpus-
Tenu. EguH oT TAX e 3anagHuAT uapesu-
yeH kopeHoB 4epBeii (Diabrotica virgifera
virgifera Le Conte).

Toi npousxoxaa ot Mekcuko, LieH-
TpasiHa Amepuka (Krysan and Smith, 1987).
3a npbB NbT npe3 1909 r. ca OTKPUTU
nospeau OT TO3W HenpusaTesn no Lapesu-
yata B CALL. Mpe3 nepunoga 1950-1970 .
Diabrotica virgifera ce pasnpocTpaHsiBa
MacoBO M npe3 XX BeK Ce npespblla B
WKOHOMWUYECKN BaXeH Henpuaten no
uapesuvuarta B CesepHa Amepuka (Krysan
and Miller, 1986; Tallamy et al., 2005;
Souza, 2019).

B EBpona Diabrotica virgifera
virgifera e OTKpUT Kpaili NeTnweto Ha
Benrpag npes 1992 r. (Bada, 1994). Oo
1997 r. TO3M Henpuaten MacoBO Ce e
pasnpoctpaHun B Cbpbus, OTKbAETO
HaBNM3a B peauLa eBponelickn CTpaHu.

Cnopeg Levine and Oloumi-
Sadeghi, (1991) D.virgifera e Haii-cepnos-
HUA Henpuaten no uapesuuarta B Cesep-
HUTe ueHTpanHun watm Ha CALL.
Pasxogute 3a 6opba cpeuwy TO3M
HenpuaTen u 3arybute oT NpoaykuuaTa B
CALl HapgsuwasaTt eguMH MUIWOH fonapa
roguwHo (Krysan and Miller, 1986;

The pest is not yet widespread on the
territory of the country and this requires a
number of measures to be taken to limit
and destroy the outbreaks that have
occurred.

Some peculiarities of the biology of
the species cause it to become a
dangerous pest: in feeding causes direct
damage, adult insects have the ability to
spread through active flight, are quickly
propagated under favourable conditions
and has wide ecological plasticity.

Key words: maize, Diabrotica
virgifera virgifera, control

INTRODUCTION

With the increase of areas with
maize in our country favorable conditions
are provided for the development and
multiplication of a number of pests. One of
them is the western corn rootworm
(Diabrotica vergifera vergifera Le Conte).

Diabrotica virgifera virgifera Le
Conte come from Mexico, Central
America (Krysan and Smith, 1987). For
the first time in 1909, damage was found
from maize in the United States. During
the period 1950-1970, Diabrotica virgifera
was widely distributed and in the twentieth
century, it became economically important
pest maize in North America (Krysan and
Miller, 1986; Tallamy et al., 2005; Souza,
2019).

In  Europe Diabrotica virgifera
virgifera is discovered in the Surcin
region, near Belgrade Airport in 1992
(Baca, 1994). By 1997, this species had
become widespread in Serbia, from here
it enters a number of European countries.

According to Levine and Oloumi-
Sadeghi, (1991) D.virgifera is the most
serious pest in maize in North Central
United States. The cost of controlling this
pest and US production losses exceed
one million dollar per year (Krysan and
Miller, 1986; Metcalf, 1986).
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Metcalf, 1986). KonkoTo noeseuye T03u BUA,
ce pasmnpocTpaHsBa B EBpona, TonkKosa
nospegute e 6bAAT NO-roNemMu.

Y Hac Diabrotica virgifera e peruc-
TpypaH 3a npbB NbT nNpe3 1998 r. B
3anagHaTta 4yacT Ha cTpaHata B paioHu
no rpaHuuaTa H1 cbc Cbpbusa n p.AyHas -
BuguHcka obnact (c. Opcos), cnep ToBa
B MoHTaHcka ob6nact (rp. Bperoso, c.
Apuap). B nocneactene 1031 BUA, pasLum-
psiBa apviasia cv Ha pasnpocTpaHene n ce
cpewa B MHoro ob6nactu kato Bpaua,
MepHuk, MneseH, Codms, Benmko TbpHOBO
n KiocteHgun. bnaroesrpag, Pyce,
Mnosaus, NMasapaxuk, CunmcTtpa, Xackoso.

rOCTOMPUEMHNLIA
OCHOBEH rocTonpuemMHUK Ha 3anag-
HMS  LapeBMYEH  KOPEHOB  4epBeli

Diabrotica virgifera virgifera Le Conte e
uapesvuata (Zea mays L.).

Apyrv pacTuTenHu BMAOBE OT CEM.
Poaceae morar cbwo fa cnyxkar 3a
u3xpaHBaHe Ha napBuTe, [AOKATO Bb3-
pacTHWTE Ce XPaHAT BbPXy pacTeHus ot
cemelictBa  Asteraceae, Fabaceae,
Compositaceae, Leguminaceae n
Cucurbitaceae ¢ n3k4eHNe Ha CoproTo.
Mpv xpaHeHeTo Ha flapBuUTe CbC COPro ce

oTAeNs  yfieaHoOBOAOPOAHA  KUCESMHA,
KOSITO € TOKCMYHa 3a TAX.
Bb3pacTHuTe UHANBUAN ce

npvBANYaT OT pacTeHNA-FOCTONPUEMHULLA
npuHagnexawm kbm cem.Cucurbitaceae,
Ab/hKallo Ce Ha BeLecTBOTO KyKypbuta-
umnH (Ferguson et al., 1983).

BNONOIrMA

3anagHuaT  UapeBUMYEH KOpeHOB
yepBseli € MOHOBO/ITMHEH BUA U 3UMYyBa
KaTo fAliLe B noysarta. XXeHckute cHacATt
AlluaTa B OCHOBaTa Ha LapeBUYHUTE
pacTeHns Ha AbnoounHa 35 cm (Baca,
1994). BuabT npegnounTta na cHacs
AfluaTa cu B NoCeBM OT Lapesuua u B no-
cnaba cTeneH B M/OWW 3aceTu C Apyru
KyNTypy KaTo COAl WM 3bPHEHO-KUTHU
kyntypu (Kiss et al, 2005). Cnopeg
Stavisky and Davis, (1997) cHeceHuTe
Aiua m3gbpxar Ha TemnepaTtypa o

The more this species spread to Europe,
the greater the damage.

In Bulgaria Diabrotica virgifera is
registered for the first time in 1998 in the
Western part of the country in areas along
our border with Serbia and the Danube
River - Vidin Region (village Orsoya), then
in Montana Region (town Bregovo, village
Archar). In consequence this species
extends the spread of ariel and meets in
many regions: Vratsa, Pernik, Pleven,
Sofia, Veliko Tarnovo and Kyustendil.
Blagoevgrad, Rousse, Plovdiv,
Pazardzhik, Silistra, Haskovo.

HOSTS-PLANTS

The main host of the western corn
rootworm Diabrotica virgifera virgifera Le
Conte is maize (Zea mays L.).

Other plant species of the family
Poaceae can also serve to feed for the
larvae, while the adults are fed on plants
of the families Asteraceae, Fabaceae,
Compositaceae, Leguminaceae and
Cucurbitaceae with the exception of
sorghum. When eating sorghum larvae
separates hydrochloric acid, which is toxic
to them.

Adult individuals are attracted to
species from the family Cucurbitaceae,
due to the substance cucurbitacin
(Ferguson et al., 1983).

BIOLOGY

The western corn rootworm is a
monovoltine species and it is wintering as
egg in the soil. The females lay the eggs
at the base of the corn plants 35 cm deep
(Baca, 1994). The species prefers to lay
his eggs in maize and to a lesser extent in
areas sown with other crops such as
soybeans or cereals (Kiss et al.,, 2005).
According to Stavisky and Davis, (1997)
laid eggs withstand temperatures up to
minus 10 °C.

157



muHyc  10°C. Tpe3  wmaii, koraTto
TeMrnepaTtypata Ha nmnoysara [AOCTUTHE
11°C ce w3noneat napsuTe M 3anouysar
YCU/IEHO fJa ce XpaHAaT. Pa3BuUTUETO UM
npogbxasa 3-4 cegmuun. Jlapsute ce
pa3BuBar B rnoysara, KaTto MK B YWC/EeH-
ocTTa MM ce HabnwgaBa npe3 Man-toHU.
Mnagute napBM ce XpaHAT C ThbHKUTE
KOpeHyeTa, Mo-KbCHO Te ce BrpussBar B
no-AebennTe KOpeHu, NpaBsaT B TAX X040-
Be W Morat fa NpoHUKHaT B CTb6/10TO. Te
mMurpupatr Ha AabnéousHa o 1 m B
TbpCceHe Ha noaxofsuia xpaHa. onama
yacT OT TdX 3arMeBaT, ako mnoysara e
Texka, couta n npeosnaxHeHa. KakaBua-
HWAT CTaauii NpoTuya B noysarta Ha Abi-
6ounHa 20 cm u npogb/mkaBa 2-3 OHW.
Bb3pacTHuTe ce nosaBsBaT B HA4a/10TO Ha
IOHM 1 ce cpelaT [0 Kpas Ha OKTOMBpPW.
MacoBaTa 1M nosiea cbBnaga ¢ ubrexa
Ha uapesuuata. Cnepn 10-14 gHM 6pbM-
b6apuTe 3anoysar ga cHacAT siuya. Mo-
[JOBUTOCTTa Ha eflHa XeHcka goctura Ao
1000 siiya. 3a usnnBaHeTo Ha siuara
ca Heobxogumm Temnepatypu oT 12,8°C
unn 300-400 rpagyco/gHun. KakaBngHuAT
cTaguii e KpaTbk. bpbmbapute ce nosiBs-
BaT OT Kpas Ha toHW 1 ce cpeLlart Ao Kpas
Ha oKTOMBpW. Te ca aKTMBHM [0 3acTyaA-
BaHe Ha BpemeTo. VimarmHupaHeTo npo-
TM4a B 3eMaucTa  Kamepka. MbxkuTe
WHOVBMAN Ce NOSABABAT NO-PaHO OT XEH-
CkuTe. Bb3pacTHUTE ce akTuBu3upart npwu
Temnepatypa 23-27°C (Van Woerkom et
al., 1980). NmarnHupanute Bb3pacTHU ce
XpaHAT ¢ fMcTara, CbC CBUIaTa Ha Kova-
Ha, CbC 3bpHaTa Ha uapesBuuaTa U C
nosieHa No BpeMe Ha MacoBus UbQTex.
Cnep 3arpybsiBaHe Ha uapesuuara, Te
npeMuHaBaT Mo JfwouepHa W  4pyru
KynTypu. CpegHata npoAb/KUTENHOCT Ha
XMBOT Ha Bb3pacTHUTe e 50 gHu (Kulman
and Petty,1973).

MOBPEOV

BpenAatr Bb3pacTHUTE U fapsuTe.
Bb3pacTHMTe MHAMBUAM Ce XPaHAT CbC
CBW/MaTa Ha Ko4yaHa, KOATO nperpussaT u
TA M3Inexia kaTto oTps3aHa C HoXuua, a
napeuTe nNoBpexaar KopeHuTe Ha pacTte-
HusATa. [NbpBOHAYa/THO /1apPBU Ce XPaHAT C

In May, when the soil temperature
reaches 11°C the larvae hatch and they
start eating hard. Their development lasts
3-4 weeks. Larvae are developing in the
soil, with a peak in numbers occurring in
May-June.

Young larvae feed on thin roots, later they
get stuck in the thicker roots, make moves
in them and can penetrate the stem. They
migrate to a depth of up to 1 m in search
of suitable food. Large part of them die if
the soil is heavy, concise and moistened.
The pupa takes place in the soil, often
near a surface depth of 20 cm and lasts 2-
3 days.

Adults appear in early June and meet by
the end of October. Their mass
appearance coincides with the flowering
of maize. After 10-14 days, the beetles
begin to lay their eggs.

The fertility of one female reaches 1000
eggs. Eggs hatching requires temperatures
of 12,8 °C, 300-400 degrees/day. The
stage appearance is short. Beetles
appear at the end of June and meet by
the end of October. They are active until
the cold of the weather

The imagination takes place in an earthy
chamber. Male individuals appear earlier
than female individuals. Adults activated
at 23-27 °C (Van Woerkom et al., 1980).
Imaginary adults feed on leaves, with a
twist of a cob, with the corn kernels, with
pollen during mass flowering. After maize
is coarse, they pass on alfalfa and other
crops. The average duration of the life of
adults is 50 days (Kuhman and Petty,
1973).

DAMAGE

Damage adults and larvae. Adults
feed with a twist of a cob, they bite it and
it looks like cut with scissors. The larvae
damage the roots of the plants.

Initially, young larvae feed on young, the
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MaguTe, COYHM KOPEHW Ha pacTeHuATa,
No-KbCHO Bb3PACTHUTE SlapBu Ce U3XpaH-
BaT C gebennte KOpeHu, Kato npobusart
KOPTUKaTHUS NapeHXUM Ha KopeHuTe W
npaBsAT OTBOPW B MNpPOBOAALLATa TbKaH.
ChblO Taka noBpexaar W Bb3AylHUTE
KOpEeHwu, KOUTO LiapesulaTa obpasyBa Haf
rnoyBeHaTa NoBbPXHOCT. Te ce Brpusear B
TAX, TyHenupar i u v nperpmussar. Mpu
OBXA0BHO M BETPOBUTO BPEME PaCTEHUSI-
Ta nagaT Ha 3emsTa. B pesynrtaT Ha HaHe-
CeHaTa noBpeja cunara Ha 3agbpxaHe
Ha pacTeHWeTo B noyBaTa HamasnsBa U
pacteHusTa nonsarat. NospeguTe € UKO-
HOMWYeECKM 3arybu 3a Kyntypara ce HaHa-
Cs OT napsurte.

B ponbsiHEHWE Ha ToBa 6pbMbapu-
Te W fapBuTe ca HOCWUTENN Ha peauua
rbO6HU, BGakTepuanHy 1 BUPYCHU 3a60ns-
BaHus Mo uapesuua. NoBpegeHuTe pac-
TEHWs He ca B CbCTOSIHME aKkTMBHO fAa
abcopbupaT Boga U XpaHWTESTHU Belyec-
TBa OT noysBara, nopaan KoeTo ce 3abaBss
pacTtexa n pacteHusita nongrart. [pwu no-
CWIHO HanagzeHue, cnocobHocTTa Ha pac-
TeHWATa fa ce 3agbpXar KbM noysara
HamanaBa. Cnopeg Chaing (1973),
JocTaTbuHM ca 29 napBu B KOpeHuTe, 3a
[a 3arvHe UsA10TO pacTeHue.

MOHUTOPUHI 1 KOHTPO/

3a orpaHnyaBaHe pasnpocTpaHe-
HMETO N HAMHOXaBaHETO Ha TO3U Henpus-
Ten ce u3BbpWBAT peguua NPeBaHTUBHU

MEpPKM KaTo:
e CeuntTbo06pauweHune. To e
emkaceH MeToA4 3a KOHTpPO/  Ha

Diabrotica virgifera virgifera, Tbi1 kato
aiuarta ce HammpaT 1aBHO B KOpeHuTe
Ha uapesuuaTa, 3a Aa 3aBbpliart CBOETO
passutne (Ostlie and Noetzel, 1987;
Levine and Oloumi-Sadeghi, 1991).
Cnopep Kiss et al., (2005), Bcuuku
KyNTypy BK/IHOUUTENTHO U 3€M1EHUYYKOBUTE,
MoraTt ga ce M3no/s3Bart 3a npegwecTse-
HWK Ha uapeBuuaTta B centboopbLNHUA-
Ta. MHoOro pacteHus ot ceMm. Poaceae
CNyXaT 3a BTOPUYEH XpaHWUTEesleH rocTo-
NPUEMHUK Ha 3anafHus KOPEHOB LapeBu-
yeH yepseit (Branson and Ortman, 1967;
1970; Moeser, 2003) 1 Bb3pacTHUTE ce

succulent roots of the plants, later, adult
larvae feed on the thick roots by breaking
through the cortical parenchyma of the
roots and open holes in conductive tissue.

Also damage and the air roots, which the
corn forms above the soil surface. They
cut into them, they tunnel and bite them.
In the rain and the windy weather the
plants fall to the ground.

As a result of the damage caused the
plants retention force in the soil
decreases and the plants lie down. Larval
economic damage to the maize is caused
by the larvae.

In addition to this beetles and
larvae are carriers of a variety of fungal,
bacterial and viral diseases in maize.
Damaged plants are unable to actively
absorb water and nutrients from the soll,
therefore, slows down the growth and
plants lie down. In a more violent attack,
the plant's ability to hold on to the sail
decreases. According to Chaing (1973),
29 larvae in roots are sufficient, to kill the
plant.

MONITORING AND CONTROL

To limit distribution and the
multiplication of it seems implement a
number of preventive measures such as:

- Crop rotations. It is an effective
method of controlling Diabrotica virgifera
virgifera, as eggs are found mainly in the
roots of maize to complete their
development (Ostlie and Noetzel, 1987;
Levine and Oloumi-Sadeghi, 1991).

According to Kiss et al., (2005), all
crops, including vegetables, can be used
as a precursor to maize in crop rotation.

Many plants of the family Poaceae serve
as a secondary nutrient for the host the
western corn rootworm (Branson and
Ortman, 1967; 1970; Moeser, 2003) and
adults feed on their pollen (Moeser and
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XpaHAT C¢ TexHua noneH (Moeser and
Hibbard, 2005).

MOHOKYNTYPHOTO OTrNexgaHe Ha
uapesuuara u simncara Ha npocTpaHcTBe-
Ha 13onaumsa ca npegnocraska 3a nosiBa-
Ta M HaMHOXaBaHEeTO Ha 3anagHus uape-
BMYEH KOpPEHOB uepBeli. ToBa Hanara B
cenTb60060pOTa Ja ce BKIYBaT AeTenu-
Ha, COsl, COpro, OBEeC, CyAaHKa, C/TbHYO-
rnep v apyru kyntypu (Chaing, 1973).

Cnopeg Shaw et al., (1978) siluHa-
Ta NPOAYKUUS Ha >XEHCKUTe Hamasisiea,
ako uapesuuaTa ce oTrexga cneg npea-
LWEeCTBEHMK COSA WM ako ce oTrexgar
Kynuicu oT cosl.

PoTtauusta Ha KynTypute noarucka
pasBUTMETO Ha nonynauuite Ha Buga u
Hamanssa pasnpocTpaHeHneTo Ha
HenpusaTensa. Mnagute napeu ymupat 3a
KpaTKo BpeMe B paiioHu 6e3 xpaHa.

- MexaHuyHusi cbCcTaB Ha Mnoysa-
Ta. Nousute c pobpa aepauus, Goratu
Ha XpaHuTeNHW BellecTBa, fobpa Bnaro-
€MHOCT, C Kucena peakuus 61130 o
HeyTpasiHaTa ca NoAXOoAsALM 3a U3/onBa-
He Ha fAluaTa Ha 3anafgHus LapesBuyeH
KOpeHOB 4YepBel. MexaHUYHUAT CbCTas
Ha no4ysarta Oka3Ba B/IMSHWE BbPXY pac-
Texa n pa3BuMTUETO Ha Nnapeute. TeXknTe
N cOMUTM MOYBU NpPeAu3BUKBAT HapaHsBa-
HUS MO TAX.

e O6paboTka Ha noyBaTa.
MonsiMa yacT OT fAiuarta ca noepexaar,
KoraTto cnepg npubupaHe Ha npoaykumata
ce m3BbplBaT 06pabOTKM Ha MOYBEHUS
cnow Ha AbnbounHa 20-25 cm.

e CenTba 1 npubnpaHe Ha pekos-
TaTa. Mpu onTumanHM gatu Ha ceuTba
ce obpa3yBa MOLJHA KOpPEHOBa cucTema.
B nonetatra c no-ronAaMa rbCTOoTa Ha
pacTteHusiTa HanageHUeTo OT slapBuTe € B
3HAUYUTE/THO MO-BMCOKA CTENEH.

- ONTUMasIHO TopeHe. 3aBULIEHN-
Te Ko/myecTBa as30THW TOPOBE yAbJKa-
BaT BeretaumusaTta Ha pacTteHueTo. lNMpu Ta-
KuBa rnocesn HanageHusata ca ¢ 44% no-
BMCOKM OTKOJIKOTO MPX ONTUMAsSIHOTO TO-
peHe (Spike and Tollefson, 1989). banaH-
CMpaHOTO TOpPEHe C a30THM, hocdopHM U
Ka/iMeBu TOpPOBe NoBMLLABAT YCTOKYMBOCTTA

Hibbard, 2005).

The monocultural cultivation of
maize and lack of spatial isolation is a
prerequisite for emergence and the
multiplication of the western corn
rootworm. This requires that the crop
rotation include clover, soybeans,
sorghum, oats, sudan grass, sunflowers
and other crops (Chaing, 1973).

According to Shaw et al., (1978) the
egg production of females decreases, if
the maize is grown after soybean
precursor or if soybean scenery is grown.

Crop rotation inhibits the
development of populations of type and
reduces the spread of the pest. Young
larvae die for short time in areas without
food.

- The mechanical composition of
the soil. Soils with good aeration, rich in
nutrients, good moisture, with acid
reaction or near neutral are suitable for
hatching western corn rootworm eggs.

Mechanical composition of soil has an
impact on growth and the development of
the larvae. Heavy and compacted soils
cause injury to them.

- Processing on the soil. Much of
the eggs are damaged, when after the
harvest plowing was carried out and
cultivation on the soil layer at a depth of
20-25 cm.

- Sowing and harvesting. With
optimal sowing dates, a powerful root
system is formed. In fields with a higher
plant density, larval attack is significantly
higher.

- Optimal fertilization. Increased
amounts of nitrogen fertilizers prolong the
vegetation of the plant. With such crops
the attack is 44% higher than with optimal
fertilization (Spike and Tollefson, 1989).
Balanced fertilization  with  nitrogen
phosphorus and potassium fertilizers
increase the plant's resistance to this
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Ha pacTeHMeTO KbM TO3W HEMpUATES.
- YHuUWoXaBaHe Ha camoceBuTe OT
uapesuua BefHara cnep npubupaHe Ha
pekontata e pewasaw, qaktop 3a
HamasisiBaHe NJbTHOCTTA Ha HenpuAaTens.
- N3non3eaHe Ha ycToOiuMBM coOp-
ToBe. 3a yCTOWYMBK Ce cumTaT reHoTUno-
BE, KOUTO CbAbPXAT ABATM U MCTO pas-
MOJSIOKEHN TPUXOMU. Korato Henpuatenart
Ce u3XpaHBa C LapeBuula Cbabpxalla
ObAM 1N MbCTM TPUXOMU, Nonajarikv B
opraHuM3ma Ha HaceKoMOoTo, Te npeaus-
BMKBAT pas3kbCBaHe Ha XpaHornposoja U
3anywBaHe Ha guxaTeniHata cuctema.

e TpeTwupaHe C UWHCEKTUUMAU
(cpewy napsu 1 Bb3pacTHU). XUMUYHUAT
KOHTPO/ cpelly fapsuTe ce npwaara no
[JBa HauvHa — 4pe3 BHacCAHe Ha WHCEek-
TMUMAM B MoYBata Mo BpeMe Ha centbara
1 ypes3 TpeTupaHe Ha pacTeHusTa rno spe-
Me Ha BeretauuaTa crief, MbpBOTO Ky/TU-
BupaHe. MNMpu NbPBUA HAUYMH Ce 3aliuTaBa
no-ronAma nsaow, 15 cm 0KoMo KopeHo-
BaTa cucTema Ha pacTeHueTo, B pe3ynTar
Ha ToBa MoOBpeAuTe NO HeA ca HesHa-
yutenHu. Mpu BTOPUSA HAUMH ce U3Non-
3BaT TeyHn copmynauum. MHOroKpaTHOTO
n3non3BaHe Ha efHu U CbLM WHCEKTK-
unanm B e4HN 1 ChLUM MIOLWN BANAAT BbP-
Xy nonynauuute Ha MoYBEHUTEe MUKPO-
OopraHn3mu, KOUTO crioMarar 3a pasrpas-
JaHe Ha BHeCeHMTe MHCEKTUUMAWU 1 npe-
JoTBpaTABaT HaTpyrnBaHeTO Ha necTuuu-
v B noysara.

Higgins et al. (1988) nocouBat, ue
Hasinyme Ha 8-10 BBb3pacTtHM npu 10%
nosBu/Ia ce cCBWNa No KoyaHa npu uape-
BMLUA 3a 3bPHOMNPOU3BOACTBO € HeobXo-
OVMO fa ce BHecaT MHcekTuuuan. [okaTto
npu uapesuuarta 3a CeMenpou3BOACTBO
WHCEKTUUMAM ce wu3nonssar npu 5 Bb3-
pactHu 1 npn 10% nosiBa Ha cBunara.

3a 6opba cpeuwy Bb3pacTHUTE
Morart ga ce W3Mnon3Bar XpaHUTesSTHU Nnpu-
MaMKW C aTpakTaHT KyKypbuTauuH, CbLLO
Taka M MHCeKTMUMAM Ha 6asa: xnopnupu-
doc 1 ap. (Anomin, 1995).

Cnopep, Lance and Sutter, (1990);
Metcalf et al., (1987) pacTeHusita OT cem.
Cucurbitaceae npusnuyart Bb3pacTHUTE U

host.

- Destruction of self - sowing by
maize immediately after harvest is a
decisive factor in reducing the density of
the pest.

-Use of resistant varieties.
Genotypes are considered to be resistant,
which contain long and densely located
trichomes. When the enemy feeds on
corn containing long and dense trichomes
getting into the insect's organism causes
tearing of the esophagus and obstruction
of the respiratory system.

- Insecticide treatment (against
larvae and adults). Chemical control
against the larvae is applied in two ways -
by introducing insecticides into the soil
during sowing and by treating the plants
during the growing season after the first
cultivation. In the first way, by introducing
insecticides into the soil, a larger area of
15 cm around the root system of the plant
is protected, as a result its damage is
negligible.

The second method wuses liquid
formulations. Repeated use of the same
insecticides in the same area affects the
populations of soil microorganisms, which
help break down the imported insecticides
and prevent pesticides from accumulating
in the soil.

Higgins et al. (1988) indicate that
the presence of 8-10 adults with 10% of
coccygeal cereals in maize for maize
production requires the introduction of
insecticides. While in maize for seed
production insecticides are used in 5
adults at 10% the appearance of silk.

For control adult baits can be used
with lure with attractan cucurbitacin, as
well as insecticides based on: chlorpyrifos
and others (Anomin, 1995).

According to a number of authors
(Lance and Sutter, 1990; Metcalf et al.,
1987), plants  from the  family
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npegoTBparsaBar TAXHOTO pasnpocTpaHe-
Hue. MNopaam Tasu npuunHa Te ca efHa ot
OCHOBHUTE CbCTaBKW B rpaHynupaHuTe
XPaHUTESTHU NpUMamMKM 3a Bb3pacTHUTE
dhopmu.

Mpu opraHM3vpaHe HaBpPeMeHHa
6opba cpelly Bb3pacTHUTE 3HAYUTENHO
ca HamansiBa TsaxHaTa M/TbTHOCT U HaMHO-
XaBaHe, B pe3y/iTaT Ha KOeTo HamasisiBaT
3arybute u ce onasea pekontara.

- MianonssaHe Ha bruoareHTK

EHTOMONATOreHHn Hemarogu umart
rofisM noteHunan kato BGMONOrnYHU
areHTu 3a KoHTpon Ha D. virgifera virgifera
(Cabanillas et al.,, 2005). Hematogata
Heterorhabditis  bacteriophora  Poinar
JaBa p[obpu pesyntatu. TbpProBCKUAT
npoaykt DIANEM ® B ABCTpuS CbAbp-
Xauy Hemarouu e usnonssaH npes 2014 r.
EHTOMONaToreHmte  rbbm  Beauveria
bassiana n Metarhizium anisopliae cbLi0
atakysart D.virgifera virgifera (Toepfer and
Kuhlmann, 2004; Pilz et al., 2009; Rudeen
et al., 2013). B TbproBckata wmpexa
M.anisopliae wam BIPESCO5/F52 e
npoaykTbT Gran Met, KONTO € BK/IHOYEH B
MpunoxeHne 1 Ha Ounpektnsa 91/414/ENO
cpewy D.virgifera virgifera (Pilz et al.,
20009).

Mulock and Chandler, (2001)
uscnenBaTr BAUSHWMETO Ha €eHToMonaro-
reHHara rb6a Beauveria bassiana BbpXxy
penpoayKTUBHUA NOTEHUMAS HA XEHCKUTe
WHAVBUAM Ha 3anafHusa LapeBuyeH Kope-
HOB 4YepBeil N XM3HEHOCTTa Ha sliuaTta.
Te TpeTpetMpar CbC CycneHuus OT
Beauveria bassiana (5x10 (7) conidia/ml)
UMarMHUpasnTe XXEHCKU WHOUBMAWN, Hab-
nogasar fiiLecHacsHeTo M NpoUeHTa Ha
U3NloNeHnTe napeuM 3a nepuog oOT 6
ceammum. OT HanpaBeHWUTe eKcrnepumeH-
TM Te yCTaHOBABaT, 4e TpeTupaHuTe
XeHckn nHaveuan 10 gHu cnep, Konyna-
uma npomssexgar cpegHo 30% no-manko
Aaiua npes nbpBuTE OBE ceaMuum OT
AALUEHOCHUSA Nepuoj, B CPaBHEHME C
HeTpeTupaHuTe Bb3pacTHWU. KaTto usano
Bb3MpousBexgawmTe CnocobHOCTM Ha
Bb3PaCTHUTE XXEHCKU € 3Ha4uMTesIHO Mo-
HUCKA B CpaBeHWEe C TpeTupaHuTe C

Cucurbitaceae attract adults and prevent
their spread. For that reason they are one
of the main ingredients in granulated food
baits for adult forms.

When organizing on time the fight
against the elderly is considerable
reduces their density and multiplication,
reduce losses and protect the crop.

- Use of bioagents

Entomopathogenic nematodes
have great potential as biological control
agents for D. virgifera virgifera (Cabanillas
et al.,, 2005). Nematodes Heterorhabditis
bacteriophora Poinar produces good
results. Nematode applications such as
the commercial product DIANEM ®) in
Austria in 2014.

The entomopathogenic fungi
Beauveria bassiana Vuill. and
Metarhizium  anisopliae also attack

D.virgifera (Toepfer and Kuhimann, 2004;
Pilz et al., 2009; Rudeen et al., 2013).

In  the commercially available
M.anisopliae strain BIPESCO5/F52, the
product Gra Met is included in Annex 1 to
Directive 91/414/EEC against D.virgifera
(Pilz et al., 2009).

Mulock and Chandler, (2001)
investigate the influence of the
entomopathogenic  fungus  Beauveria

bassiana on the reproductive potential of
female western corn rootworm individuals
and the vitality of eggs. They treat with a
suspension of Beauveria bassiana (5x10
(7) conidia/ml) the imaginated female
individuals, observe egg production and
the hatching of hatched larvae for a period
of 6 weeks.

From the experiments they conducted,
they found that that treated female
individuals 10 days after copulation
produce an average of 30% less eggs in
the first two weeks of the egg laying
period than untreated adults. Overall, the
reproductive capacity of older females is
significantly lower than that of Beauveria
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Beauveria bassiana. PaHHOTO TpeTupaHe
Ha 3b3pacTHuTe 5 p[HU cnej  ToBa
JoBexJa [0 3HauyuNTesIHO HamasiaBaHe Ha
AfueHocHaTa NpoayKuns B CpaBHEHWE ¢
No-KkbCHO TpeTupaHute 10-15 gHu.

MpaBWIHOTO n3non3eaHe Ha
Beauveria bassiana npnunHasa 75% cMbpT-
HOCT Ha MMaroTo U 3HA4YMTE/IHO HamassiBa
AiuecHacaHeTo. B 6op6aTta cbC 3anagHus
LapeBUYEH KOPEHOB 4epBeil morat ga ce
13non3ear 1 napasvTHW BUAOBeE.

B CesepHa Awmepuka Celatoria
compressa Wuip. ce nocoyBa KaTo
napasuT rno Bb3pacTHUTE BUAOBE OT pPof
Diabrotica. Cnopeg Zhang et al., (2004)
Celatoria compressa Wuip.ce oTHacs KbM
TaxmHUTE, NPU KOUTO ANLLETO UM CbAbpPXa
Hamb/IHO pPasBUTU NapsBu, KOUTO CHacAT
ONPEKTHO B TAMOTO Ha roCTONpUeMHMKa.

- snon3gaHe Ha dpepoMOHOBU
YNOBKM

Mpu ceBouTe 3a4bn604YeHn Npoyu-
BaHUs 3a pellaBaHe npobrema CcbeC 3a-
nagHus LapeBnyeH KOpeHoB yepsein Toth
et al., (2003) paspaboTBaT y/10BKa CbC CUH-
TeTUYeH nosnos oepoMOoH, 3a npusanyaHe
MBXKATE MHAMBMAW. TO3M BUA YNOBKa ce
M3Mosi3Ba B MHOTO EBPOMENCKN CTPaHu 3a
MOHUTOPWHI Ha HenpuaTens. PepoMoH 3a
D.virgifera virgifera e 2R, 8R 8-meTun-2-
Jeunn nponaHoar. Yetnpute
cTepeousomMepn Ha  8-meTun-2-geunn
nponaHoaT ce TecTsar 3a NpuMBANYaHE Ha
HenpuaTens. OT Tax 2R, 8R — KoHGurypa-
uus e Hali-nmpusnekatesieH pokato 2R,
8R, 2S, 8R wan 2S, 8S nsomepu ca HUTO
aTpakTUBHU HUTO peneneHTHW (Guss et
al., 1985).

TukBOBUTE  LBETOBE  CbAbpXaT
1,2,4-trimethoxygenzene, nHgon n (E) —
cinnamaldehyde (Mentcalf et al., 1987).
Opyrn Bewectsa npusnuyawm D.virgifera
virgifera Bkntousat 4-methoxycinnamaldehyde,
4-methosycinnamonitrile, 6eTa-MoOHOH W
ectparona. Mpu nonckn onutn deHnn
KU1 aMUHU U PEHN asIKUI0BUN aJs1Ko-
XONN CbC CTPaAHWYHU BEPUTU 2-BbINIEpos-
HW MpUBMMYAT 3HAYUTESIHO MNOBEYEe Bb3-
pacTHW, OTKOMKOTO (PeHun ankunamuHu
UNN PeHnN anknaoBu ankoxonu ¢ egHa

bassiana. Early treatment of adults 5 days
post-mortem results in a significant
decrease in egg production compared
with later treatment 10-15 days.

Proper use of Beauveria bassiana
causes 75% death of the imago and
significantly reduces egg production. In
the control against western corn rootworm
can also be used parasitic species.

In  North America, Celatoria
compressa Wulp. is listed as an adult
parasite of the genus Diabrotica.

According to Zhang et al, (2004)
Celatoria compressa refers to the tachins,
in which their egg contains fully developed
larvae that lay directly in the pest.

- Use of pheromone traps

In their indepth studies to address
the problem of western corn rootworms,
Toth et al., (2003) develop a synthetic sex
pheromone trap to attract male
individuals. This type of traps is used in
many European countries to monitoring
this pest.

The pheromone for D.virgifera virgifera is
2R, 8R 8-methyl-2-decyl propanoate. The
four stereoisomers of 8-methyl-2-decyl
propanoate are tested to attract the host.
Of these, the 2R, 8R configuration is most
attractive while the 2R, 8R, 2S, 8R or 2S,
8S isomers are neither attractive nor
repellent (Guss et al., 1985).

Pumpkin flowers contain 1,2,4-
trimethoxygenzene, indole and (E) -
cinnamaldehyde (Mentcalf et al., 1987).
Other substances that attract D.virgifera
virgifera include 4-methoxycinnamaldehyde,
4-methosycinnamonitrile, beta-ionone and
estragole. In field trials, phenyl alkyl
amines and phenyl alkyl alcohols with 2-
carbon side chains attract significantly
more adults than phenyl alkylamines or
phenyl alkyl alcohols with 1-side, 3- or 4-
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CTpaHWyHWU Bepurn, 3- uUnu 4-Bbriepos.
LinHamangexug e npMeanyana Hai-MHoOro
Bb3pacTHM Ha D. virgifera virgifera ot
ABata nona (Petroski n Hammack, 1998).

Cnopeg Witkowski et al.,, (1975)
Bb3pacTHUTE Hacekomu ce npueau4yaT ot
CBET/10-3e/1EHUS LUBAT, KOMTO HanogobsiBa
cBuiata Ha KoyaHa Mnpu uapesuuaTta.
LiseToynaBskute ca ¢ pasmep 30/10 cm un
ce pasnosiarat BEPTMKa/THO B NJIOLWMTE Ha
BMCOYMHATA Ha pacTeHusita. B npakTtuka-
Ta Hali-macoBo ce 13non3sart Tvn Pheromon
AM, KOnTO ce NOAMEHAT Ha BCEKN 7 OHW.

Kim and Mullin, (2003) npegnarat
N3MNoN3BaHETO Ha peneneHTHU cpeacrsa
3a KoHTpon Ha Diabrotica virgifera
virgifera. MentuannosmTe NpoTenMHU3INpPa-
HMU cpeacTBa 3a 6opba C HUCKO Mone-
KyNsipHO Terso, BKIYUTENIHO U neynen-
TWH, Ka/inamHOBO CPeACTBO W KasnenuvH
ce cuuTat 3a NOTEeHUUasIHW PENnesieHTHU
CpeAcTBa 3a Bb3pacTHUTE MHAUBUAMN.

- MporHosa Ha Diabrotica virgifera
virgifera

3a nporHo3a Ha fiapBuTe ce U3Nnos-
3BaT cAegHWTe nokasatenu: 6poit NosoBo
y3penn vHaMBuAKW, OPOA CHeceHwn siiua
npes eceHTta, Opoii npesuMmyBann siua
npes 3umarta, 6poi n3nneHn napeu. 3a
oTyMTaHe 6posi Ha M3NIONEHUTE flapBu ce
B3emMaT Mo4YBEHN NPobu OT Kpas Ha HHU
[0 cpefata Ha oM, ¢ nomowTa Ha meTa-
NIEeH UMNUHABLP ¢ gnameTsbp 10 cm OT pas-
JINYHM MEecTa OT NJIoWMTE C LapeBmuya Ha
Abn6ouunHa 10-20 cm. MNpobute morat ga
BK/IOYBAT ¥ YacT OT KOpEHoBaTa cUcTeEMA.

MporHo3ata Mpu  Bb3pacTHUTE
HacekoMu Cce OCbliecTBABa KaTo ce
M3BbpLIBA NpefBapuTeneH MOHUTOPUHT.
BbB BCSAKO nosie ce nposepsiBat oT 5 go
10 KOHTPO/MHW pacTeHus No guaroHanTe
Ha nocesa WK WaxMaTHO, KaTo ce U3nos-
3BaT (hepoMOHOBU 1 hEPOKOHOBM Y/TOBKMN.

MATEPWNAN N METO4WA
3a MOHUTOPUHI Ha Bb3PaCTHU
cbopMU ce M3MNon3Bar cregHUTe MeToau:
BU3YasTHM HabaeHus -
NpoBefleHn ca Ha BCUYKM 3aceTu C Lape-
BULLA N/IOWM Npe3 nepuoaa Ha U3CBUSS-

carbon chains. Cinnamaldehyde attracted
the most adults of D. virgifera virgifera of
both sexes (Petroski and Hammack,
1998).

According to Witkowski et al.,
(1975), adult insects are attracted by the
light green colour, which resembles the
crest of a corn cob. Colors are 30 / 10cm
in size and are arranged vertically in the
plant height areas. In practice, the most
widely used type is Pheromon AM, they
are replaced every 7 days.

Kim and Mullin, (2003) propose the
use of repellents to control Diabrotica
virgifera.  Peptidyl  proteinised  low
molecular weight anti-inflammatory drugs,
including leupeptin, calpain, and calpepin,
are considered potential repellents for
adult.

- Forecast of Diabrotica virgifera

For the forecast larvae use some
indicators: number of sexually mature
individuals, the number of eggs laid in the
fall, number of wintering eggs in winter,
number of larvae hatched. To measure
the number of hatched larvae, soll
samples are taken during the period from
late June to mid of July using a metal
cylinder with a diameter of 10 cm, from
each area with maize at a depth of 10-20
cm. Samples may also include part of the
root system.

The forecast in adult insects it
occurs preliminary monitoring. In each
field, 5 to 10 control plants are checked
on the diagonals of sowing or chess.
Pheromone and ferrocon traps are used.

MATERIAL AND METHODS

The following methods are used for
monitoring adult forms:

 visual observations - conducted
on all maize areas sown during the
weeding period. Through them the phase

164



BaHe. Upes TsAX ca ycTaHOBeHW hasarta u
CbCTOSHMETO Ha ob6cneABaHaTa KynTypa,
KakTo M MOMEHTMUTE Ha nosiBa Ha oTaen-
HWTe cTaguu Ha HenpuaTensa. Te pasar
npeAcraBa 1 3a NTbTHOCTTA Ha BUAA.
3a/1araHe Ha  hepoMOHOBMU
ynoBku. Te ca NocTaBeHW npe3 Mecel|
1011 N ca cBasieHN cnep npubupaHe Ha
pekonTarta npes MeceL, CenTemBpu.
®epoMOHOBM Y/IOBKM ca M3Mo/3Ba-
HM 3a yCTaHOBSIBAHE HA4a/I0TO Ha nosiea
1 npocnejsiBaHe gyHamuka Ha BMAaa.

PE3YJITATU N OBCBXXOAHE
3a npbB NbT Yy Hac Diabrotica
virgifera virgifera e yctaHoBeH B palioHa
Ha rp. lNneseH npe3 2007 T.

MbpeuTe oTunTaHua npes 2013 r.
ca M3BbpLUEHN BTOpaTa [eceTAHeBKa Ha
tonu. MNpu BU3yanHuTe Ha6MIOLEHUA BU-
[ObT e ycTaHOBEH B 3HaUWUTesIHA M/TbTHOCT
N cbCTaBnsiBa 57% o1 obuwmsa 6poi ycTa-
HOBEHM Bb3pacTHW. [lpu cnegsawmte
OTUMTaHMA B Kpas Ha KM YnCfeHocTTa
My pgocturHa 31%. lpe3 nbpsBara noso-
BMHA Ha Mecel, aBrycT HenpuaTenar e
KOHCTaTupaH B HUCKaA YUC/EHOCT efBa
12%. B kpas Ha mecela He e perucTpu-
paH HUTO eauH BUA,. VI3KIOUUTENHO BUCO-
KWTe TemnepaTypu npes oTYeTHUS nepuos B
cbyeTaHve C NPoAb/IKUTENHN 3acyllaBa-
HWA, JoBedoxa [0 paHHOTO npubupaHe
Ha LapeBuuara, ¢ KoeTo 0b6scHsABame no-
HUCcKata NNBLTHOCT Ha BUAA B Kpas Ha
0oT4eTHUA nepuof Tabnumua 1.

and with the condition of the culture being
examined, as well as the moments of
appearance of the individual stages of the
pest. They also give an idea of the
species’ density.

« setting on pheromone traps. They
are placed in July and were removed after
the harvest in September.

Pheromone traps have been used
to detect onset and track species
dynamics.

RESULTS AND DISCUSSION

For the first time in Bulgaria
Diabrotica virgifera virgifera was established
in the region of Pleven in 2007.

The first readings in 2013 were
made in the second ten days of July. In
visual observations, the species was
found to be of considerable density and
represented 57% of the total number of
adults identified. In subsequent reports at
the end of July, its number reached 31%.

In the first half of August the pest was
found in low numbers of only 12%. No
species were registered at the end of the
month. Extremely high temperatures
during the reporting period, combined with
prolonged droughts, led to the early
harvest of maize, which explains the lower
species density at the end of the reporting
period Table 1.

Tabnuua 1. YCTaHOBEHW Bb3pacTHU UHAUBMAM MNPV BU3YasIHW HabnoneHus um
hepOoKOHOBU Y/10BKM B Nepuos Ha uscsunasaHe npes 2013 r. (6p., %)
Table 1. Adult individuals identified in visual observations and ferrocon traps

during the 2013 emptying period (nm., %)

Jartu Ha oTunTaHe | YCTaHOBEHW Bb3pacTHU Npwu YnoseHu YNnoBeHn Bb3pacTHU C
Date of reporting BU3yasTHN HaG4eHNS Bb3pacTHu (oepOKOHOBU Y/TOBKM
Identified adults in visual Caught adults Caught adults with
observations ferrocone traps
12.07 45 57 0
30.07 26 31 0
14.08 9 12 0
28.08 0 0 0
06y 6poii 80 100 0
Total number
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Mpe3 2013r. B paitoHa Ha T1p.
MneBeH ¢ hepoKOHOBUTE Y/IOBKM HAMA
YNOBEH HUTO eMH eK3emMnasap.

TpsbBa ga oTbenexum, ye npes
2014 r. 3anagHnsa UapeBUYEH KOPEHOB
yepBei Gelle B NO-BMCOKa MABLTHOCT B
cpaBHeHue ¢ 2013 .

In 2013 in the region of Pleven no
ferrets were caught.

It should be noted that in 2014 the
western maize root worm was in higher
density than in 2013.

Tabnuua 2. YCTaHOBEHW Bb3pPacTHU UHAUBMAW NPU BU3YasTHU HabGNKOLEHUS ”
hepoKoHOBU Y10BKM B Nepuoaa Ha nscesunsasaHe npes 2014 r. (6p., %)

Table 2. Adult individuals identified in visual observations and ferrocon traps
during the 2014 emptying period (nm., %)

[aTu Ha oTuMTaHe | YCTaHOBEHW Bb3PaCTHW NpU |  YNIOBEHM YNoBeHV Bb3PacTHM C
Date of reporting BM3yasTHN HaG04eHNS Bb3pacTHu (hepOKOHOBU YNOBKU
Identified adults in visual |Caught adults Caught adults with
observations ferrocone traps
16.07 6 2 0
31.07 80 34 2
15.08 183 44 0
25.08 143 20 0
06wy, 6poii 412 100 2
Total number
MbpBUTE Bb3pPACTHM  UHAUBUAN The first adult individuals in visual

npv BU3yasiHUTe HabNIOLEHMSA ca KOHCTa-
TMpaHU B cpejaTta Ha KM B He3Hauu-
TenHa uncneHoct — eggsa 2%. B pesyntar
Ha cb3fannTte ce 6naronpuaTHU yCNoBus
Ha cpefaTta BMABLT yBENUYM NAbTHOCTTA
cn B Kpasi Ha meceLa. NvK B HAMHOXaBa-
HeTO Gelle ycTaHOBEH npe3 BTopaTa no-
NoBMHa Ha aBryct u gocturHa 44%. Npes
nocnefHarta feceTAHeBKa 4MC/IEHOCTTa
My Hamansa u Te cbcTaBnasaxa 20% or
0610 ycTaHoBEHWs 6poit (Tabnmuya 2).
OT efiHa cTpaHa ToBa MoOXe ja ce
06SICH/N C NO-BMCOKATa YMCNEHOCT Ha
BMAa npes mecew, aeryct, a OoT Apyra c
CbC 3HaYUTesIHWUTE MNOLWN, KOUTO 3aema
uapesuuarta B paioHa Ha rp. lNneseH.

observations were found in small
numbers in mid-July — barely 2%. As a
result of the favorable environmental
conditions, the species increased its
density at the end of the month.

The peak in multiplication was found in
the second half of August and reached
44%. Over the last ten days, its numbers
have declined and they accounted for
20% of the total number found (Table 2).
On the one hand, this can be explained
by the higher number of the species in
August and, on the other hand, by the
large areas occupied by corn in the area
of Pleven.
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Fig. 1. Caught adult insects with pheromone and ferrocone traps in 2013 and 2014

3a ycTaHOBSIBAHE HayasloTo Ha
nosiea ¥ NAbLTHOCTTA Ha 3anagHusa Lape-
BMYEH KOPEHOB 4epBeli B LApeBNYHUTE
noneta, ce 3ajioxexa (YPOMOHOBU U
hpoKoHOBW ynoBkW. Mpe3 aBeTe roAvHu
Hai-ronsmM 6po Bb3pacTHM HacekoMu ca
perucTpupaHn ¢ ¢epoMOHOBUTE YOBKM
80 6pos npe3 2013 r. n 412 6posa npes
2014 r. (durypa 1).

C depokoHOBUTE  Y/IOBKM
perucTpupaHun camo ABa ek3emnaspa.

Ha6bnogaBa ce 3HauMTeNHO YBe-
iMYyaBaHe Ha 4yucneHocTTa Ha 3anagHus
LapeBMYEH KOPEHOB 4YepBeil, KoeTo ce
006siICHsIBA C TpaHOTO NPUCLCTBUE Ha
uapeBuuata B 3emMefesickute njowm B
paioHa, 62n3ocTTa A0 MexayHapoaHata
MbTHa MpeXxa ¥ edokacHOCTTa Ha npwnia-
raHuTe CcaHuTapHW MepKM 3a orpaHu-
yaBaHe Ha HEroBOTO pasnpPOCTPaHeHe.

n3Boan

M3BbplIBAHETO HA  MOHWUTOPUHT
MMa BaXHO 3HA4YeHMe 3a YyCTaHOBsIBaHe
pasnpocTpaHeHneTo Ha Diabrotica
virgifera. 3a HeroBuMAT KOHTPO/A BaXHO
3HauyeHne mmaTt MeponpuaTUaTa CBbp3a-

ca

To determine the onset and density
of the western corn rootworm in maize
fields, pheromon and ferrocone traps
were plotted. In the two years, the largest
number of adult insects were recorded
with pheromone traps of 80 in 2013 and
412 in 2014 (Figure 1).

Only two  specimens
registered with the pheromon traps.

There is a significant increase in
the number of western corn rootworms,
which is explained by the persistent
presence of maize in agricultural areas in
the area, the proximity to the international
road network, and the efficiency of the
sanitary measures implemented to limit
its spread.

were

CONCLUSIONS

Monitoring is important  to
determine the spread of Diabrotica
virgifera, on the basis of which restrictive
measures. For its control, activities related
to the destruction of existing outbreaks

167



HU C YHMLIOXaBaHe Ha cbllecTByBawmTe | and the organization of a whole complex
OrHMLa M opraHusupaHe Ha usAn komnnaekc | of phytosanitary measures to limit the
OoT dhTOCaHUTapHM MepKM 3a orpaHuua- | spread of the pest are important.

BaHe pa3npocTpaHeHMETO Ha HenpusaTens.
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