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PE3OME

Llenta Ha HacTosLlaTta ctatns e ga
OLEHUN CbObPXKAHWETO HAa MWUKOTOKCUHM,
KOMTO BfM3aT MO XpaHuTesnHaTa Bepura
ypes doypaxa. CraTusata  BKIOYBaA
pesyntaTtu OT TpW roAUHW Ha HabnaeHne
Ha MWKOTOKCUHW un3CnefBaHn B CBexa
pacTuTenHocT 1 pesyntatn oT 3apassiBsa-
HEe C MMKOTOKCMHM npu uapesuuya oT
2014. W3cnepBaHnTe TpeBHM BMOOBE ca
Lolium perenne, Festulolium pabulare,
Festulolium braunii n cmecuya oT TE3N
BUAoBe c Festuca rubra, kakTo 1 cmecuua
Ha Te3n Bugose ¢ Poa pratensis.
CbAbpXaHNeTo Ha CriefiHUTE MUKOTOKCU-
HW e onpegeneHo no metoga ELISA:
peokcvHuBaneHon (DON), dymMOHUCKH
(FUM), adhnatokcnH (AFL) 1 3eapaneHoH
(ZEA).

KnoyoBn gymu:  MHOTOrogmiIHu
TpeBsu, LapesnLia, MUMKOTOKCUHUW, KRYECTBO

SUMMARY

The objective of the present paper
was to assess the content of mycotoxins
entering the food chain from fodder. The
paper includes results of three years of
observation of mycotoxins assessed in
fresh  herbage and results from
mycotoxins contamination of maize from
2014. The evaluated species from
grasses were Lolium perenne,
Festulolium pabulare, Festulolium braunii
and mixtures of these species with
Festuca rubra and a mixture of these
species with Poa pratensis. The content
of the following mycotoxins was
established by ELISA method:
deoxynivalenol (DON), fumonisin (FUM),
aflatoxin (AFL) and zearalenone (ZEA).

Key words: perennial
maize, mycotoxins, quality

grasses,
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yBO/

MuKpoopraHn3smmuTe BbB
dunocpepata Ha TpeBute ca
MOBJ/IUSAHN CbLLECTBEHO OT MpoOMe-
HATE B ynpaB/IeHNETO Ha TPeBO-
CTOA,, O0cobGeHO npu npexoja oOT
WHTEH3VMBHO CTOMaHMUCBaHE KbM
eKCTeH3uprkaLma, nopagn NoOHU-
)aBaHe Ha yecToTara Ha KoceHe U
no-mMasikata ynotpeba Ha TopoBe
(Behrendt et al.,, 1997). B kbcHa
eceH, BeretayuaTa Ha naculiHuTe
pacTeHnss 6aBHO cCe MoHMXaBa U
KIMMaTUYHUTE YC/I0BUA CTUMY/IN-
par pasBUTMETO Ha MUKPOCKOMUY-
HN rbbunukm (Giesler et al., 1996)
KOWUTO, B MOCNeAcTBME MOXe pa
foBefar 00 HaTpynBaHe Ha MUKO-
TokcuHM (Opitz von Boberfeld et
al., 2006). Te3n meTabonMTn morat
Aa NPUYUHAT NKOHOMMYECKN
3arybu 3a XMBOTUHCKaTa NpPoAayK-
UMA 1M ga MoHMXKaT KayecTBOTO Ha
mecoTo (Opitz von Boberfeld,
1996). MpobnembT € nieceHTa e
MHOIO Cepuo3eH, OCHOBHO BGbB
Bpb3ka C oypaxute oT TPeBOCTOU-
Te U3Mnon3BaHu B Kpasd Ha Bereta-
UMOHHMA nepuod. Vima 3HauuTen-
HA pasnnuunsa Mexay BUAOBETe.
BugoBete ycTonumByM Ha neceH
BkouBat Festuca arundinacea u
HelHnTe xmnbpugm (Opitz  von
Boberfeld and Banzhaf, 2006).
LlenTa Ha HacTofAweTo u3cnensa-
He e Ja onpefenu 6e3o0nacHoOCTTa,
T.€. KOHUEHTpauusaTa Ha MUKOTOK-
CMHM Ha wu3bpaHn TpeBu (Lolium
perenne, Festulolium pabulare,
Festulolium braunii) w©n TexHn
cmecku ¢ Festuca rubra un/vnn Poa
pratensis npe3 BeretaunMoHHUSA

INTRODUCTION

Microorganisms in the
phyllosphere of grasses are
influenced substantially by
changes in grassland
management, particularly by
transition from intensive

management to extensification due
to reduced cutting frequencies and
lower fertilizer applications
(Behrendt et al.,, 1997). In late
autumn, the vegetation of pasture
plants gradually decreases and
weather conditions stimulate the
development of microscopic fungi
(Giesler et al., 1996) which, in
consequence, may lead to the
accumulation of mycotoxins (Opitz
von Boberfeld et al., 2006). These
metabolites can cause economic
losses in animal production and
decrease meat quality (Opitz von
Boberfeld, 1996). The issue of
moulds is very urgent, mainly in
connection with forages from grass
stands used at the end of the
growing season.

There are considerable differences
amongst species. Mould-resistant
species include Festuca
arundinacea and its hybrids (Opitz
von Boberfeld and Banzhaf, 2006).

The goal of the present paper is to
assess the safety, le.
concentration of mycotoxins, of
selected grasses (Lolium perenne,
Festulolium pabulare, Festulolium

braunii) and their  mixtures
with Festuca rubra and/or Poa
pratensis during the growing
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nepviop,
BTopata uen e pga oTkpue
MUKOTOKCUHM B LLapEeBUYHU

NPoOAyKTN OT ce30Ha Ha 2014. Ot
rnefHa Touyka Ha dpuTonaTosiorns-
Ta, uapesuuara e npocra Kyntypa.
Mpy noyBeHUTE W KIUMATUYHU
ycnoBus Ha Peny6nvka Yexus
CcamMo HAKOJIKO MaTtoreHHn opraHuns-
MW  NpUYMHABAT CUMMTOMU MO
Bpeme Ha Beretauyusta. OB6MKHO-
BeHaTa rnaBHsa Mo uapesuuara ce
cpella Bcska roguHa, CUMMNTOMU
Ha pbXxha ce noseBaABarT 4YecTo, U
OCHOBHO KO4YaHuTe ca 3apas3eHun ot
rbOnykm ot popg Fusarium. Mpu
06CbXAaHeTO Ha 60/ecTn BuHAru
ce BK/HOYBA M TAXHOTO WKOHOMMU-
yecko 3HayeHue. OT ropecnomMmeHa-
TMTe  6Gonectu, 3apasata C
Fusarium moxe ga 6bae knacugu-
uMpaHa Kato Hal-BaxHa  OT
MKOHOMWYECKO 3HayeHne. HeliHoTo
3HayeHve npousnnsa He camo OT
Bpeaun no pactutenHara TbkaH, HO

OCHOBHO nopagn NOHMXXEHOTO
Ka4yeCTBO nopaan pa3BUTUETO Ha
MUKOTOKCUHW. OTHOCUKTENHO

HUCKOTO 3HAYeHMe Ha rbOUYHUTE
naToreHv nNpv LapesuuaTta e Chblllo
M npuyMHaTa 3a OTCbCTBMETO Ha
byHrMUMA, perncTpupaH 3a JIMCTHO
NPUIOXEHME.

MATEPVANT N METOU

EKkcnepyMeHTU C TpPeBU

[poBegeH e eKcrnepuMeHT
BbpXy Manbk napuen B WM3cnepo-
Baresicka CTaHuus no qoypaxkH
KynTypn BbB BartumH, Penybnuvka
Uexma. MeToabT Ha ApobHuTe
napuenu e 13nosssaH C napuenu

season.

The second goal was
mycotoxins detection in maize
products from 2014 season. In
phytopathology terms, maize is a
relatively simple crop. In the soll
and climatic conditions of the
Czech Republic, only a few
pathogenic  organisms  cause
symptoms during vegetation. Corn
smut is common every year, rust
symptoms appear frequently, and
primarily ears are infected by fungi
from the genus Fusarium.

Discussions of diseases always
include their economic importance.
Of the aforementioned diseases,
Fusarium infection can Dbe
classified as the economically most
important. Its importance ensues
not only from damage to plant

tissue, but primarily ~ from
decreased quality due to
mycotoxins production. The

relatively low importance of fungal
pathogens for maize is also the

reason for the absence of a
fungicide registered for foliar
application.

MATERIAL AND METHODS

Grasses experiments

A small-plot experiment with
grasses was conducted at the
Research Station of Fodder Crops
in Vatin, Czech Republic. A split-
plot design was used with plots of
1.5 x 10 m in size, each variant in
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no 1.5 x 10 m, KaTto BCEKN Bap paHT
nma no Tpu nosTopeHus. Ekcnepu-
MEHTBLT € M3MbJIHEH WU3UAN0 Mpu
paHgomMu3nMpaHa cxema. W3non-
3BaHW ca cregHuTe BUAOBE W
cmeckn: Lolium perenne (copt
.KeHtaBbp“), Festuca pabulare
(copt ,PenuHa”), Festuca braunii
(copt ,lMepceir”), cMeCKM Ha Te3u
Bugose c Festuca rubra (copt
. OHOOMMHY) u/nnn Poa pratensis
(copt ,CnesaHka“). [HOenbT Ha F.
rubra u/wnn P. pratensis B cmecka-
Ta e 15%. [MbpBuAT uscnenBaH
dhakTop € BMOBLT WM CMeckara,
BTOPUAT u3cnegsaH paktop e
JataTta Ha npubupaHe Ha pekonTa-
Ta. lNpes3 faToTO TpeBocTOUTE Cca
KOCEHW ABa MNbTN NPe3 HU U 0NN,
B nocnepcrteve, nepuogute 3a
npuébupaHe Ha pekonTata npes
eceHTa ca OKTOMBPW N AEKEMBPU.

LlapeBuua

Mpobu OT pas3nNnyHu pernoHu
Ha Penybnuka Yexua n pasnunyex
eTan Ha pacTex ca aHa/m3npaHu
3a CbAbpXaHne Ha MUKOTOKCUHMW.
MeTtoabT ELISA e npunoxeH 3a
onpegenisiHe Ha CbAbpPXaHMETO Ha
MUKOTOKCUHUTE [EOKCUHMBA/IEHOJ
(DON), 3eapaneHoH (ZEA), doymo-
HucuH (FUM) n acbnatokcuH (AFL).

PE3YNTATUN NN OBCbXXOAHE
TpeBu
KoHueHTpauuaTa Ha DON
npes nAtoto e B o6bcera 33.0 Ao
51.7 ppb npn wu3cnepBaHuTe
Bugose (Tabnuua 1). Mo-BMCOKO
cbabpkaHue (P < 0.05) Ha DON e
OTKPUTO MNpe3 HHU, OTKOJIKOTO
npes . CvabpxaHneto Ha ZEA

three replications. The experiment
was a completely randomized
design. The following species and

mixtures were used: Lolium
perenne (cv. Kenatur), Festuca
pabulare (cv. Felina), Festuca

braunii (cv. Perseus), mixtures of
these species with Festuca rubra
(cv.  Gondolin)  and/or Poa
pratensis (cv. Slezanka). The
share of F. rubra and/or P.
pratensis in the mixture was 15%.
The first evaluated factor was
species or mixture, the second
evaluated factor was harvest date.
For summer grass, stands with
double cut in June and July were
used.  Subsequently, autumn
harvest dates were October and/or
November or December.

Maize

Samples from different part of
the Czech republic and in different
grown stage were analysed for
mycotoxins content. The ELISA
method was applied to estimate

contents of the mycotoxins
deoxynivalenol (DON),
zearalenone (ZEA), fumonisin

(FUM) and aflatoxin (AFL).

RESULTS AND DISCUSSION

Grasses

The concentrations of DON in
summer ranged from 33.0 to 51.7
ppb in the evaluated species
(Table 1). A higher (P < 0.05)
content of DON was found in June
than in July. The content of ZEA in
L. perenne and F. pabulare was
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B L. perenne n F. pabulare e nopg,
rpaHvuara 3a KosimyecTBeHO onpe-
pensaHe (< LOQ). Hai-BMcokoTo
cbCcpefoToyaBaHe Ha ZEA e
onpegeneHo B cmeckute (102.1
ppb n cbvotBeTHO 112.5 ppb).
Pasnuknte mexay BngoseTe He ca
3HauMMn  nopagn  Mo-BUCOKUTE
CTaHAapTHU TPELLKN Ha cpeaHuTe.
CbabpxaHneto Ha AFL u FUM e
Hyna wnan nog rpaHauara  3a
KO/INYeCTBEHO onpegensHe. Tosu
pe3yntar e Ba/MGeH KakTo 3a
NIeTHUTe, Taka W 3a eCeHHuTe
npobu. KoHueHTpaumsata Ha DON
ce noHmwxasa npe3 eceHTa (P <
0.05) (Tabnuua 2). PasnukaTta B
roguHute Ha HabnwgeHne (P <
0.05) cbwo e ovyeBnaHa. KoHuUeH-
TpaumsTa Ha ZEA e Hali-Hucka npum
F. Braunii. CbabpxaHneto Ha ZEA
ce TMOoHWKaBa OT OKTOMBPWU [0
pekemBpu (P<0.01) kakTo CbAbp-
XaHneto Ha DON. lNpununHata 3a
cnaboTo obpasyBaHe Ha MUKOTOK-
CYHN MOXe fa 6bae o06sACHeHa C
NOHWXEHWETO Ha TemnepaTypuTe 1
B C/IeCTBME Ha TOBa MMWKOTOKCU-
HUTE He ce obpasyeaTr. TonnoTo
BpemMe Tnpe3 eceHTa e pgpyra
OCHOBHa MnpuvyMHa 3a nNpou3BoA-
CTBOTO Ha MWKOTOKCUHW. Bb3geii-
CTBMETO He caMO Ha 6MOTUYHUTE,
HO CbLLO Taka M Ha abuoTuyHuTe
hakTopy BBPXY NPOU3BOACTBOTO
Ha MWKOTOKCUHM € MOCOYEHO OT
DeNijs et al. (1996) n Engels and
Kramer (1996). CbabpKaHMeTo Ha
ZEA e 3HaunTenHo no-BUCOKO
npes oktomBpu (173.0 ppb),
OTKONKOTO npe3 nAatoTto (< LOQ un
122 ppb, cbOTBETHO).

below the limit of quantification
(< LOQ). The highest
concentration of ZEA was
determined in mixtures (102.1 ppb
and 112.5 ppb, respectively). The
differences among species were
not significant because of higher
standard errors of the means. The
contents of AFL and FUM were
zero or below the Ilimit of
quantification. This finding is valid
for both summer and autumn
samples. DON  concentration
decreased during autumn (P <
0.05) (Table 2). A difference
among the years of observation (P
< 0.05) is also evident. The
concentration of ZEA was lowest in
F. braunii.

Content of ZEA decreased from
October to December (P < 0.01)
similarly like DON content. The
reason for the low production of
mycotoxins could be explained by
falling temperatures and as a
consequence mycotoxins are not
produced.

Warm weather during autumn is
another basic cause for mycotoxin
production. The effect of not only
biotic but also abiotic factors on the
production of mycotoxins was
reported by DeNijs et al. (1996)
and Engels and Kramer (1996).

The content of ZEA was
considerably higher in October
(173.0 ppb) than in summer (<
LOQ and 122 ppb, respectively).
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Tabnuua 1. BavaHne Ha BuAaoBeTe, Nepmoga Ha npubupaHe Ha pekosiTata u
roguHata BbBbPXY CcbAabpxaHueto (ppb) Ha geokcuHmBaneHon (DON) w
3eapasieHoH (ZEA) npe3 neTHUs Ce30H

Table 1. The influence of species, harvest date and year on the content (ppb) of
deoxynivalenon (DON) and zearalenone (ZEA) in summer

dakTop/Factor DON ZEA
cpedHu  cTaHapTHM  cpefHu cTaHzapTHU
BE/IMUUHW/X TPELLKM HA BENWNYMHWU/IX  TPELLKN Ha
pefgHara/s.e. cpegHaTtals.e.
Bupnose/Species
Lolium perenne 78.1 17.1 <LOQ 0.0
Festulolium pabulare 65.3 16.9 <LOQ 0.0
Festulolium braunii 35.1 13.6 91.0 90.9
CwmecTa ¢ /Mixture with Festuca rubra 38.9 18.6 1125 112.4
Cwmecka ¢ /Mixture with Poa pratensis 42.4 25.2 102.1 102.0
CrteneH Ha gokasaHocT/Level of significance 0.433 0.732
MpubupaHe Ha pekonTta/Harvest date
FOHW/June 325 12.3 <LOQ 0.0
Kpaii Ha tonw/End of July 71.4 7.7 122.0 62.5
CreneH Ha gokasaHocT/Level of significance 0.015 0.066
MogwvHalYear
2008 54.6 11.6 122 62.6
2009 49.3 12.6 <LOQ 0.0
CreneH Ha gokasaHocT/Level of significance 0.762 0.066

< LOQ = nog rpaHuuata 3a konnuectseHo onpegensHe / < LOQ = below the limit of quantification

Ta6nvua 2. BnusHne Ha BuAOBeTe, nepuoga Ha npubupaHe Ha pekosiTata U

roguHata BbBbPXY CcbAobpxaHueTo (ppb)
3eapasieHoH (ZEA) npe3 eCeHHUs1 Ce30H

Table 2. The influence of species, harvest date and year on the content (ppb) of
deoxynivalenol (DON) and zearalenone (ZEA) in autumn

Ha pgeokcuHuBasieHon (DON)

dakTop/Factor DON ZEA
cpefHu CTaHAAPTHN  CpefdHn  CTaHAapTHU
BE/IMYHU/X  TPELLKM HA  BEIMYHW/X  TPEeLLKM Ha
cpefHaTtals.e. cpefHaTtals.e.

BunaoBe/Species
Lolium perenne 41.4 111 56.7 51.0
Festulolium pabulare 36.2 12.1 16.3 7.4
Festulolium braunii 33.0 131 60.7 60.7
Cwmecka c/Mixture with Festuca rubra 51.7 15.7 78.0 77.9
Cwmecka c/Mixture with Poa pratensis 47.6 16.5 92.4 80.3
CreneH Ha gokasaHocT/Level of significance 0.867 0.926
MpubupaHe Ha pekonta/Harvest date
okTomBpw/October 53.0 9.2 173.0 66.2
HoemBpu/November 51.7 12.0 3.7 3.6
nekemspu/December 21.4 6.1 5.8 3.8
CreneH Ha gokasaHocT/Level of significance 0.041 0.005
FogvHal/Year
2008 26 9.3 111 49.1
2009 58 4.7 10 3.9
CreneH Ha gokasaHocT/Level of significance 0.005 0.049
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Cnopep, D’Mello (2003),
KOHLeHTpaumaTa Ha 3eapasieHOH B
o6cera ot 0.2 go 1.0 mg kg™ e
TOKCMYHA [Oopu 3a rpusaduTe.
dypax CbC CbAbpXaHue Ha
3eapasieHoH no-Bucoko oT 0.5 mg
kg He ce npenopbuBa 3a
XpaHeHe (Marasas et al., 1979).

LlapeBuua

duToCcaHMTapHUTE MEpPKM ca
CbCPEeAOTOYEHN MOBeYe BbPXY
XMBOTMHCKM  BpeauTtenun. Kato
N3K/IOYMM HapacTBallOoTO 3Hauye-
HMe Ha 3anagHus UapeBUYeH
KOPEHOB  4YepBeil,  OCHOBHUTE
dmuTocaHUTapHN MHTEPBEHUMKN ca
HacouyeHn cpewy EBponeinickns
cTbbnonpo6bmsay. OCBEH OCHOB-
HMTE WeTn nog opmara Ha
cuyneHn cTbbna, TO3M uYepBel
MMa CblOo N 3HAYMMO BTOPUYHO
Bb3gelicTBme. [lokaTo ce M3xpaH-
BaT, NapBuMTe Ha TO3M BpeauTesn
cb3gaBaT rHe340 Ha MWHJeKuus,
npe3 KOeTo MNPOHUKBAT [bOUYHM
OpraHM3sMm B TbKaHTa M 3anouysa
domtonartonornyeH npouec. 3arto-
Ba ronsma pgos3a BHUMaHue e
HacoyeHa KbM onpegesnisHe Ha
Ha/IMuneTo Ha cTbOIoNpobuBava
M  Bb3MOXHOCTM 3a HEroBoTO
npemaxsaHe. OOCbXAAHETO Ha
Ha4yaNoTo Ha Xxoga Ha 6onectra
BMHarn BK/IOYBA TPW OCHOBHU
dhakTopa, KOUTO ce cbyeTaBart 3a

Ja ce noBusie natonorusTa.
OcBeH npuemHVMKa W naTtoreHa,
TPeTUAT (pakTop € OoKosiHaTa

cpefa. 3a MnoBeyeTo pPervoHn c
uapesuya B Penybnunka Yexus,

According to D’'Mello (2003), the
zearalenone concentration ranging
from 0.2 to 1.0 mg kg™ is toxic
even to rodents. Forage with a
zearalenone content higher than
0.5 mg kg™ is not recommended
for feeding (Marasas et al., 1979).

Maize
Phytosanitary measures are

focused more on animal pests.
Setting aside the  growing
importance of Western corn

rootworm, the main phytosanitary
interventions are directed against
European corn borer.

In addition to primary damage in
the form of broken stalks, this
worm also has an important
secondary effect. Feeding by this
pest's larvae creates so-called
infection gateways through which
fungal organisms penetrate the
tissue and begin a
phytopathological process.

A great deal of attention s
therefore dedicated to signalling
the  borers presence and
possibilities for eliminating it.
Discussions of the onset and
course of a disease always include
three basic factors which combine
to affect the resulting pathology. In
addition to host and pathogen, the

third factor is environmental
conditions. For most maize-
growing regions in the Czech
Republic as well as in other
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Kakto u B pgpyrn EBponericku
Abpxasu, nepuogbT OT HOHW [0
aBryct 2014 e 6un c 06WUHK
Ba/IEXXM W OTHOCUTESTHO BUCOKM
Temnepatypu. lNoBueHaTa Brax-
HOCT BOAM [0 CEepuo3HO n3byxsa-
HEe Ha WHpeKuMs OoT IbOMYKM
Fusarium ©n HeobW4YiiHO TroNAMO
KO/IMYECTBO Ha MUKOTOKCUHU B
3bPHOTO. HE06X0AMMO € CbLo Aa
ce oTbenexu, 4e wetute OT
cTbbnonpobmvBaya ca  MHOIO
Manku npes3 2014.
MuKkoTOKCH/IOTMYHaTa nabo-
patopua Ha CenckocTonaHcku
n3cneasaHua Tpoybcko nosyyasa
JeceTkn Nnpobu OT uapesuua cnep
pekontata npe3 2014. CpeaHoTO
CbAbpXaHne Ha [eoKcuHuBasie-
Hon Bapupa okosno 10,700 pg/kg, a
MakCUMyMbT Aopu goctura 28,750
pHg/kg. CbaobpxaHMeTo Ha TOo3u
TOKCMH Cce yBe/NnyaBa C [oO-
KbCHata pekositTa OT LapeBumua.
Mpn [OGUTOTO 3€/1eHO BELLeCTBO,
cbabpxaHneto Ha DON Bapwupa
cpegHo okono 1.4 ppm. Taswu
CTOMHOCT € OKOMo 2 ppm B eTan
Ha MsiedyHa 3psanoct 1 10 ppm B
eTan Ha nb/aHa 3psanoct. Tesu
pe3ynTaTu OTroBapsAT Ha AaHHUTEe
OT LeHTpanHua UHCTUTYT 3a
HabnwageHne U uM3NUTBaHe B
3emMefenneTto, KouTO rnocoysar
cpedHo cbabpxaHue Ha DON ot
773 pg/lkg n makcumanHo 1,870
ug/kg. Tbil Kato noBeye nNpoodu
naBat BbB BPEMETO, M3MEPEHOTO
cbabpxaHue Ha DON npogbixa-
Ba fa HapacTtBa. ABCTpuiickata
areHUMss no 3apaseonasBaHe U
6e30nacHOCT Ha XpaHuTe nocoysa

European countries, June to
August 2014 was a period of
excess precipitation at relatively
high temperatures.

Increased humidity resulted in a
massive outbreak of infection by
Fusarium fungi and an abnormally
large content of mycotoxins in
grain. It should also be noted that
damage from borers was very low
in 2014.

The mycotoxicology
laboratory of the Agricultural
Research  Troubsko obtained
dozens of maize samples following
the 2014 harvest. Mean
deoxynivalenol (DON) content

ranged around 10,700 ug/kg, and
the maximum even reached
28,750 pg/kg. The content of this
toxin increased with later maize
harvest.

In harvested green matter, DON
content ranged on average around
1.4 ppm. This value was around 2
ppm at milky maturity and 10 ppm
at full maturity.

These results correspond to data
from the Central Institute for
Supervising and Testing in
Agriculture, which reported mean
DON content of 773 pg/kg and a
maximum of 1,870 pg/kg. As more
samples came in over time,
measured DON content continued
to rise.

The Austrian Agency for Health
and Food Safety (AGES) reported
similar results, with DON content
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CXO4HU pe3ynrartu, Kato
cbabpxaHneto Ha DON Bapupa
okono 3,000 pg/kg. Swiss Granum
oTuMTaT CpPefHO CbAbpXaHue Ha
DON ot 1,690 pg/kg n makcuman-
HO oT 9,900 ug/kg.

EBponeiickaTta KOMUCKS NOA-
AbpXa TMOCTOAHHO HabnwaeHue
BbPXy BbNpoca 3a MakCuMaiHuTe
rpaHvuy npu xpaHute N ypaxu-
Te. EBponenckuaT opraH 3a
6e30nacHOCT Ha XpaHuTe npeaso-
XM 0TMSHA 3a LapeBUYHOTO 3bPHO
oT pekonta 2014, HO TOBa BCe
oule He ce e cnyumno. CypoBuHHK-
Te CbC CbAbpXaHNWe Ha MUKOTOK-
CMH Haj rpaHuuara TpsibBa pJa
O6bOAaT M3KNHYEHN OT NO-HaTaTbLLU-
HO obpaboTBaHe. OTCTpaHsiBaHe-
TO Ha MUKOTOKCUHWUTE cnep TAXHO-
TO OTKpMBaHe B CYpPOBUHUTE €
MPakTUYeCkn HEBB3IMOXHO, KaTto
MUKOTOKCUHUTE  ycTosiBaT  Ha
XMMn4yecka, gousnyecka u Temne-
paTypHa AesaktuBauus. Nb/HOTO
N3K/IOYBaHe OT  XpaHuTesnHara
Bepura ce CBbp3Ba [1aBHO CbC
CYPOBMVHU NpefHa3HavyeHn ANPeKT-
HO 3a XpaHuTenHara un pypaxHa
NHAOYCTPUSA.
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ranging around 3,000 pg/kg.

Swiss Granum registered mean
DON content of 1,690 pg/kg and a
maximum of 9,900 pg/kg.

The European Commission
maintains a constant watch on the
question of maximum limits in food
and fodder. The European Food
Safety Authority proposed
derogation for maize grain from
the 2014 harvest, but this has not
yet occurred. Commodities with

mycotoxin  content determined
above the limit should be excluded
from further processing.

Eliminating mycotoxins after their
detection in a commodity is
practically impossible, as
mycotoxins resist chemical,
physical, and thermal deactivation.
Complete exclusion from the food
chain relates mainly to
commodities designated directly
for the food and fodder industries.
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EVALUATION OF DAMAGE CAUSED BY BRUCHUS PISORUM L.
ON SOME PARAMETERS RELATED TO SEED QUALITY
OF PEA CULTIVARS
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Institute of Forage Crops, “General Vladimir Vazov” 89, 5800 Pleven, Bulgaria

PE3OME

HanpaBeHa e oueHka Ha Bpepjara,
npuumHeHa oT Bruchus pisorum L.
(Coleoptera: Bruchidae) BbpXY
Kb/IHAeMaTa cnocobHOCT Ha COpPTOBe rpax
(Pisum sativum L.). Pe3ynTtar oT Bpegarta
Ha Bruchus pisorum npu cemeHa c
napasvtMpaHa napsa e  [OKa3HaHo
HamasiiBaHe Ha Kb/IHAeMOCTTa CpefHo C
16.4%THN  epuHMUM,  Ob/kMHata W
TErnoTo Ha MbPBUYHUA KOPeH C 16.8 u
24.5%, ob/mkuHaTa 1 Tersioto Ha Kb/iHa ¢
12.3 n 14.1%, nHaekca Ha XWU3HEHOCT Ha
MbPBUYHUA KOPEH U KbJTH € 32.5 1 32.8%,
KaKTO U WMHAEKCHT Ha Kb/IHAEMOCT CbC
17.4%. VHxubupawmaTt edekt e cpegHo
17.8%. ColuecTBeHN [oKa3aHu NpOMeHU
Nno OTHOLLUEHMEe Ha Mpoy4YBaHWUTE MoKasa-
Tenu ce ycTaHOBABAT NP NoBpeeHUTE C

nposopye OT MMaruHWpan 3bpHOSL
ceMeHa, nMpu  KOUTO  Kb/IHAEMOCTTa
HamanaBa ¢ 58.3% THM eaunHUUNM,

Ob/DKMHATa W TeroTo Ha MbpPBUYHMUA
KopeH Cc 34.1 n 36.2%, Ab/mkuHaTa U
Ternoto Ha kbvnHa ¢ 31.8 n 34.3%,
WHOEKCA Ha >KM3HEHOCT Ha NbpPBUYHUA
KOopeH M KbsiH ¢ 81.1 n 82.1%, Kakto u
MHOEKCHT Ha Kb/HAeMOCT cbC 83.1%.
WHxnbnpawmat edekr e cpegHo 58.3%.
YctaHoBEHO €, 4Ye noBpefeHuTe C
nposopye OT wuUMarMHuMpas napasmToung

SUMMARY

It was evaluated the damage
caused by Bruchus pisorum L.
(Coleoptera: Bruchidae) on the
germination ability of pea forage varieties
(Pisum sativum). Result of damage by B.
pisorum in seeds with parasitized larva
was significant decrease of the
germination by 16.4% percentage points,
the length and weight of primary radicle
by 16.8 and 24.5%, the length and weight
of plumule by 12.3 and 14.1%, the vigor
index of primary radicle and plumule by
325 and 32.8% as well as the
germination index by 17.4%. The
inhibitory effect was on average 17.8%.
Essential significant changes in regard to
the studied parameters were found for
damaged seeds with bruchid emergence
hole. In these seeds the germination
decrease by 58.3% percentage points, the
length and weight of primary radicle by
34.1 and 36.2%, the length and weight of
plumule by 31.8 and 34.3%, the vigor
index of primary radicle and plumule by
81.1 and 82.1% as well as the
germination index by 83.1%.

The inhibitory effect was on average
58.3%. The damaged seeds with
parasitoid emergence hole (type 2)
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cemeHa ocurypsisat no-go6pa
Bb3MOXHOCT 3a pacTex K pasBuTue Ha
pacteHussTa M MoraT fJa  Ocurypsit
Cb34aBaHeTo Ha fobpe rapHupaH noces u
cTabunHn pobueun. Kato TonepaHTeH KbM
nospeaute oOT Bruchus pisorum ce
oyepTaBa copT [/IAHC, npuW  KOWTO
CTOMHOCTMTE Ha MokasaTennTe, CBbp3aHu
C KbJ/IHAEMOCTTA W >KM3HEHOCTTa Ha
ceMeHaTa ce MoB/AvMABaT B Hali-HMUCKa
cTeneH OT Bpejata 3a pasivka oT
YyycTBUTE/IHNA copT lN1eseH 4.

Kntouosun gymu: Bruchus pisorum,
KayecTBO Ha cemeHaTa, Pisum sativum,
copToBe

yBO/,

MokbNBaHETO M NOHWKBAHETO
ca BaXHW eTanu B npoueca Ha
oTrnexgaHe Ha 3emefesickute
KynTypy n Te uMaT CbLeCTBEHO
3HauyeHne BbpPXy cregsawute
eTanu Ha pacTexa W pasBuUTMETO
Ha pacTteHusata (Kalisz, 1986) u
peann3npaHeTo Ha BMCOKa
NPOAYKTUBHOCT C A06p0 KavyecTBO
(Yari et al, 2010). OT gpyra
CTpaHa BaXHO Yyc/noBue  3a
OCbLLEeCTBABAHETO Ha TO3M npoLec
€ W3MN0/SI3BaHEeTO Ha KayeCTBEHU
CeMeHa: C TreHeTM4yHa u4ucToTa,
BMCOKA  KbJ/IHAEMOCT, e[HaKbB
pasmep, 34paBu 1 HEMHEKTUPaHW
OT pasNnu4yHu  BpeguTenn  wuam
MukpoopraHnamm (Hartmann and
Kester, 1983). Cnopeg Thomson
(1979) ka4yecTBOTO Ha CceMeHaTa
ce 6a3npa Ha KOMIM/IEKCHa OLEHKa,
CbAbpXala HAKOIKO KOMMOHEHTA.
)KnsHeHocTTa Ha cemeHaTta e
BaXXE€H KOMMOHEHT, KOMTO MOXe Aa
NOB/ISIHWE BBbPXY MABTHOCTTA Ha
nocesa u pgo6busa (Siddiqgue and
Wright, 2004). Ta3n XW3HEHOCT e
CBbp3aHa C KbJHAemMocTTa W

provided better possibility for growth and
development of plants. These seeds could
provide the establishment of well-
garnished stand and stable yields. As
tolerant to damage by pest distinguished
Glyans variety for which the values of
parameters related to germination and
vigor of seeds were influenced in the
lowest degree from the damage unlike the
sensitive Pleven 4 variety.

Key words: Bruchus pisorum, seed
qualities, Pisum sativum, cultivars

INTRODUCTION

The determination and
emergence are important stages in
crop cultivation. They have
essential meaning on the following
stages of plant growth and
development (Kalisz, 1986) and for
the realization of high productivity
with good quality (Yari et al.,
2010).
On the other hand an important
condition for implementation of this
process is the use of qualitative
seeds: with genetic purity, strong
germination capacity, uniformity of
seed size, freedom from seed
borne diseases and absence of
weed or other crop seeds
(Hartmann and Kester, 1983).
Acording to Thomson (1979) seed
quality is a multiple concept
comprising several components.

The seed vigour is an important
component that can influence crop
plant density and vyield (Siddigque
and Wright, 2004). That vigour is
related to the germination and
seed ability to grow rapidly and
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cnocobHOCTTa Ha cemeHaTta 3a
6BbP30 N OPYXHO MOHMKBaHe. ToBa
npegnonara, 4e ckopocTta MU
e[JHOBpeMeHHarta nosiBa ca BaXHU
napameTpy Ha KayeCTBOTO Ha
cemeHata (Copeland and
McDonald, 1995). Bbnpekn ye ce
npegnarat MHOro TecToBe 3a
YXM3HEHOCT, CaMO HSAKOJIKO OT TAX
ca npuetu OT MexAayHapoaHata
opraHMsaumss  3a aHam3s U
TecTBaHe Ha ceMeHa organization
(Perry, 1981). EgHun OT npuiaraHu-
Te ca TeCcToBeTe 3a KbJ/IHAEMOCT U
YXM3HEHOCT, KOUTO Ce U3Nosi3Bar 3a
onpefensiHe Ha XXW3HECNnocoo6-
HOCTTa Ha cemeHarta (Hartmann
and Kester, 1983; Fiala, 1987).
[Jo6nBBLT cemMeHa M TAxHaTa
XM3HEecCnocobHocT morat ga 6vaar
HamasieHn nof4 [AeincTBueTo Ha
pasnn4yHu  TUMOBE  eKOJIoTNYeH
CTpec, evH OT KOUTO e Bpepara
OT 3bpHOAAN. KpaliHuAT edhekT Ha
noBpefeHnTe OT 3bPHOSAAUN ceme-
Ha BbPXY KbJIHAEMOCTTa Mpu
6060BUTE pacTeHus-rocTonpuem-
HAUM morat ga 6baar Henpepncka-
3yemn (Southgate, 1979). B Hsakon
cnyyanm napsarta, XpaHelku ce
edpekTUBHO, y6mBa eMbpuoHa unim
YHULLOXaBa TONIKOBa rosiiMa 4yact
OT eHfgocnepmMa W cemeHaTa He
moraT pga nokbsHat (Camargo-
Ricalde et al., 2004; El Atta, 1993;
Tomaz et al., 2007). B pe3ynrtar Ha
XpaHeHeTo Ha napsBara ce
Cb3aBa Bb3MOXHOCT 3a BTOPUYHO
HanageHve OT natoreHHn 6akTe-
pun un rebudkm (Chang et al., 2011;
Cipollini and Stiles, 1991,
Mucunguzi, 1995). B cny4yauTe,

jointly.

It suggested that the speed and
uniformity of emergence are
important parameters of seed
quality (Copeland and McDonald,
1995). Although many vigour tests
are suggested only few are
accepted by seed analysts and
seed testing organization (Perry,
1981).

Some of applied tests are
germination test and seed vigor
test which are used to determine
seed viabilty (Hartmann and
Kester, 1983; Fiala, 1987).

Seed yield and viability can
be reduced by different types of
environmental stress, one of which
is damage of seed weevils. The
final effect of seeds with beetle
infestation on the germination of
host legumes can be unpredictable
(Southgate, 1979).

In some cases the larva feeding
effectively kills the embryo or
removes so much endosperm that
the seed cannot germinate
(Camargo-Ricalde et al., 2004; El
Atta, 1993; Tomaz et al., 2007).

Larval feeding may also create
openings for pathogenic bacteria
and fungi (Chang et al.,, 2011,
Cipollini  and  Stiles, 1991;
Mucunguzi, 1995).
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KoraTto cemMeHara MokKb/BaT npean

HanageHve OT HenpuaTenn, TO
cnepn HanajeHne Moxe pga ce
Bb3NpendaTcTea pasBUTUETO Ha
KOoTunegoHuTe win pga ce
npefoTBpatn opmmupaHeTo Ha
NCTUHCKM nucta (Hegazy and
Eesa, 1991). HamanasaHeTo

/34yepnBaHeTo/ Ha pe3epBUTe Ha
KoTunegoHa Moxe pJda 3abasu
pacTex Ha pacTeHVeTo U Mo TO3u

HaYmH aa ce Hamasm
BEPOATHOCTTA oT HEeroBoTo
Bb3CTaHOBsIBaHE. Bbnpekn Te3u
nary6Hu nocneguumn B pesynrar Ha
uietute  oT  3bpHOSAAUTE MO
cemMeHara, U3BeCTeH MNPOLUEHT Ha
noBpefeHMTe  cemeHa  Mmorar

ycnewHo pga nokbnHat (Halevy,
1974; Hoffman et al., 1989; Mack
1998; Miller, 1994a,b). EguH ot
Hali-paspylunTenHuTe Bpeautenu
npn 3bPHEHO6060BUTE KYNTypu €
rpaxoBuaT 3bpHoAa (Clement et
al.,, 2000) n wu3non3BaHeToO Ha
TO/lepaHTu copTtose cpewy
HanageHVeTo Ha TO3W HenpuaTen
e eflHa OT Hali-BaXHUTe cTpaTternm
3a HamasisiBaHe [eiNCcTBMeTO Ha
6MOTUYHMTE (haKTOpPMW.

Llenta Ha HaCTOALLOTO
n3cnefaBaHe e fa ce onpegenu
edoekTbT OT noBpegara Ha
rpaxoBusl 3bPHOAL BbpPXY KbJIHAE-
MOCTTa, pacTexa W >XMU3HeHoCTTa
Ha cemMeHaTa npu  copToBe
nposeTeH hypaxeH rpax.

MATEPVAT N METO4N

Mpe3 2012r. onnTHOTO nose
Ha WHcTUTyTa nNo  hypaxkHu
KynTypu-neseH e nsBefeH onuT ¢

Even if germination occurs prior
seed infestation after that the
infestation  may  distort  the
development of cotyledons or
prevent the formation of true
leaves (Hegazy and Eesa, 1991).

Depletion of cotyledon reserves
may slow plant growth and hence
reduce the probability for its
establishment.

Despite these detrimental effects
of seed-beetle damage, some
proportion of infested seeds may
germinate successfully (Halevy,
1974; Hoffman et al., 1989; Mack
1998; Miller, 1994a,b).

The pea weevil is one of the most
destructive pests in grain legumes
(Clement et al., 2000) and cultivar
improvement for bruchid resistance
is among the most important
strategies for mitigate the action of
biotic factors.

The subject of present study
was to evaluation of damage
caused by Bruchus pisorum L. on
seed germination, growth and vigor
in pea forage varieties.

MATERIAL AND METHODS
In 2012 a field trial was
carried out in the experimental field
of the Institute of Forage Crops
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5 copTa nposieTeH hypaxeH rpax
naHc; Moayc; KamepTtoH n CBuUT
(yKpanHckn copTtoBe) u lNneBeH 4
(6bnrapckn  copT,  CcTaHgapr).
3non3saH e 6/10kOB MeTO4 B TpH
nosTopeHus. lNMpe3 BereTaunoHHUA
nepuop He e usBexgaHa XvMMmuyHa
6opba cpewy HenpuaTenure.
labopatopHaTa Kb/IHAEMOCT Ha
ceMeHarta, Kakto MU Ab/hknHata u
TEer0TO Ha NbPBUYHUSA KOPEH W
Kb/IH Ha Yy3penute cemeHa e
onpefenieHa [ABa Meceua cnep
npubvpaHe Ha pekonTtara 3a
CcbOTBEeTHaTa roavHa.

CemeHaTa OT BCeku copT ca

KnacugouumpaHn Ha Tpu  TUna:
3gpasn (Tun 1), noBpefeHn
nposopye oT nmarnHupan

napasutoung (Tun 2) n noBpeaeHn ¢
npo3opye OT MMarnHupasn 3bpHOAL,
(tvin 3).

3a onpepensiHe Ha KbJ/lHAe-
MOCTTa Ha OTAEe/NIHUTEe COpTOBE U
TUNOBE CEMeHa ca 3asl0kKeHn no
200 6pos cemeHa (50 cemeHa 3a
BCAKO MOBTOPEHME) B MeTpUEBU
6no4a BbpXy (unTbpHa xapTus
Filtrak 383 ¢ gnametbp 150 mm.
BntogaTta ca noctaBeHu B MHKy6a-
TOp npn Temnepatypa 20 + 1°C 3a
8 [OHW, cbrliacHoO npaswuiata Ha
MeXAyHapoaHUTe acouuauusa  3a
TecTBaHe Ha cemeHa (ISTA, 2011).
HabnwogeHnsata ca W3BbPLUBAHK
BcekngHeBHO (AOSA, 1983). Kato
HEMOKb/IHA/IM CeMeHa ce cuuTar
Te3n CbC 3aKbpHSAT NbpPBUYEH
kopeH (ISTA, 2011) wwm c
AbmkmHa o 10 mm (Goertz and
Coons, 1989).

(Pleven) with 5 pea forage
varieties: Glyans, Modus,
Kamerton and Cvit (Ukrainian

varieties), and Pleven 4 (Bulgarian
variety, standard). It was laid out
by the design of long plot method
with three replications. Pesticides
were not used during the
vegetation period. The laboratory
germination of seeds as well as the

length and weight of primary
radicle and plumule was
determined four months after
harvesting.

The seeds of each variety
were classified into three types:
healthy seeds (type 1), damaged
seeds with parasitoid emergence
hole (type 2) and damaged seeds
with bruchid emergence hole (type
3).

For every cultivar and type of
seeds, the germination percentage
was evaluated by taking 200 seeds
(50 seeds in each replication). The
seeds were placed in Petri dishes
on double-layered Filtrak 383 filter
paper with 150 mm diameter, and
kept in an incubator at a
temperature of 20 + 1°C for 8 days
according to the ISTA (2011) rules.
the germinated seeds were
counted daily (AOSA, 1983). The
seedlings with stunted primary
roots were considered as
abnormally germinated (ISTA,
2011). A seed was considered to
have germinated when the radicle
reached a length of 10 mm (Goertz
and Coons, 1989).
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KbnHdemata  eHeprud e
otyeteHa Ha 4™ peH kato
NPOLUEHT OT 06WMA 6poii cemeHa
(Ruan et al., 2002).

KbnHAemocTTa € Wu3yucrieHa Ha
8" neH 3a BCAKO NOBTOPEHME Ha
BapuaHT no cnegHara coopmyna:

GP % =(n/N) * 100,

kbgeto GP e npoueHT
Kb/IHAEMOCT, nh € 06pos Ha
nokb/NHaMTe cemeHa, a N e

06LNAT OPON 3a/10KEHN CeMeHa
(Belcher and Miller, 1974).
Nuxnbnpawmat eduekt (IE,
%) oT noBpeguTe OT B. pisorum
BbPXY Kb/IHAEMOCTTA € M34YUC/IEH
no copmynata: IE=[(a-b)/a)]x100
(Ahn and Chung, 2000), kbaeTo:

a — 6poi NOKbNHa/IM CeEMeHa
B KOHTPOJIHUA BapuaHT (34paBu
CeMeHa);

6 — 6poii NoOKb/Ha/IN ceMeHa
B NpoyyBaHus BapuaHT (nospepge-
HN CeMeHa).

Cnep nocnegHoTto oTynTaHe
3a CTaHOapTHUA TecT 3a KbJiHse-
MOCT, pacTexbT Ha cemMeHaTta e
OLUEHeH uYpe3 uM3MepBaHe Ha
Ab/DKMHATA Ha MbPBUYHMA KOPEH U
Kb/IH W TAXHOTO Terno (CBexo
Terno). Ab/mkMHaTa Ha KOpeHYeTo
e M3MepeHa OT HEeroBusa BPbX A0
Toykarta Ha npucbeamHABaHeTO C
KOTunegoHa.

NHpekcbT 3a xusHeHocT (VI)
Ha NbPBUYHUA KOPEH M KbJH €
n3uncneH no dopmynara Ha Baki
n Anderson (1973):

The energy of emergence
(EG) was recorded on the 4™ day
after sowing. It was the percentage
of germinating seeds 4 days after
planting relative to the total number
of tested seeds (Ruan et al., 2002).
The germination percentage was
calculated 8 days after sowing
using the formula below for each
replication of the variant:

GP % =(n/N) * 100,

where GP is the germination
percentage, n is the number of
germinated seeds, and N is the
total number of seeds (Belcher and
Miller, 1974).

The inhibitory effect (IE, %)
from damage by B. pisorum on
germination was calculated by the
following formula:

IE=[(a-b)/a)]x100 (Ahn and
Chung, 2000), where:

a — number of germinated
seeds in the control variant
(healthy seeds);

b — number of germinated
seeds in the studied variant
(damaged seeds).

After the final count in the
standard germination test, seedling
growth was assessed by
measuring seedling length
(plumule and radicle length) and
seedling weight (fresh weight). The
root length was measured from tip
of the tap root to the joining point
of the cotyledon.

The vigor indixes (VI) of
primary radicle and plumule were
calculated, using formula from Baki
and Anderson (1973), as follows:
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VI-l = KbnHaemocT (%) x Ab/DKMHA
Ha NbPBUYHUSA KOPEH / KbJTH (Cm).

NHAEKCHT Ha  Kb/HAEMOCT
(Gl) e wusuncneH no crnepgHarta
dopmyna (AOSA, 1983):

Gl = (bpo nokbnHann cemeHa /
[HN Ha NbpBO NpebposiBaHe) +
+ (Bbpoi nokbsiHanM cemeHa / AHu
Ha nocnegHo npebposisaHe).
MaTemaTuKo-cTaTucTuyecka-
Ta obpaboTka Ha ekcnepumeHTas-
HATE [aHHW € HanpaseHa cnep
npeaBapuTesiHo TpaHcdopMupaHe
Ha MNpoueHTa MNOKb/IHA/IM CeMeHa
CNPSAMO KOHTPOJIHUA BapwuaHT Mo

dopmynarta: Y = arcsin,/(x,, / 100).

MaTemaTunko-cTatucTmyec-kara
obpaboTka Ha eKcnepumeH-
Ta/lHUTEe [aHHM € HanpaBeHa C
nomowita Ha copTyepeH npoayKT
Statgraphics Plus.

PE3YJITATU N OBCB)XXOAHE
CronaHckMTe KayecTBa Ha
ceMeHarta — COopToBa XapakTepuc-
TVKa ca CBbp3aHu 1 Ce Hamupart B
3aBMCUMOCT OT NOCEBHUTE KayecT-
Ba M Kb/iHAemocTTa. [Npu cpaBHSA-
BaHe Ha KbJiHAemMara eHeprus u
Kb/IHAEMOCT Ha 34paBuTe cemMeHa
MeXy npoy4yBaHUTE COPTOBE rpax
ce HabogaBa BUCOK MPOLEHT Ha
HOPMaJIHO MOKb/IHA/IN ceMeHa 6e3
[OoKasaHa pas/imka Mexagy TAX
(Tabnuuya 1). KbnHsiemocTTa € B
rpaHnunTe 77.08 — 84.76%, KoeTo
M npaBu CTOMAHCKM TOA4HU U
BMCOKOKAYeCTBEHN U OcuUrypsisa
pasBMTMETO Ha HOpPMaslHW pacTte-

Vigor Index = Standard
Germination (%) x length of
primary radicle (plumule) (cm).

The germination index (GlI)

was calculated as described in the
Association of Official Seed
Analysts (AOSA, 1983) by
following formula:
Gl = (Number of germinated seed /
Days of first count) +...... +
(Number of germinated seed /
Days of final count).

Mathematical statistical
processing of experimental data
was conducted after preliminary
transformation of the percentage of
damaged seeds relative to the
control variant, by the formula:

Y =arcsiny/(x, /100). Al data

analyses were conducted using the
Statgraphics Plus software
program for statistical analysis.

RESULTS AND DISCUSSION

The qualities of seeds -
varietal characteristics, were
related and they depended on the
sowing qualities and the
germination. At comparing the
emergence energy and
germination of healthy seeds
among studied pea varieties was
observed a high percentage of
normally germinated seeds without
significant difference among them
(Table 1). The germination was in
limits 77.08 — 84.76% which
means that seed were suitable for
sowing. It provided development of
normal plants with possibilities for
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HUSA C Bb3MOXHOCTM 3a Makcumasl-
€eH [06VB CbrnacHo M3MUCKBaHUATA
3a MUHMMasHa KbJIHAEMOCT npwu
centba Ha rpax (Guide to Seed
Certification Procedures, 2012) —
Tabnvmua 1. B pesyntaT Ha nospe-
fara oT rpaxoBUss 3bpHOSL W
CBbP3aHOTO C TOBA B/lOLIABaHe Ha

KayecTBOTO Ha CemMeHaTa ce
NMPOMEHA W KbJ/IHAEMOCTTa Ha
cemeHata. [lpu noBpegeHuTte
cemMeHa C nposopue oT

nMarvHmpan napasutoung (cemeHa
TVN 2) T Ce ABWXN B rpaHuMLaTa oT
50.28 po 70.78% wn pokasaHo
Hamansiea oT 9.45 go 26.80% ™
eAMHULM  CNPSAMO  KbJIHAEeMOCTTa
Ha CbOTBETHWUTE 34paBu CeMeHa
(cemeHa Tun 1). Mexnay coptoseTe
CbC CTATUCTMYECKN 3HayMma no-
HUCKa KbJ/IHAEMOCT Ce OTKposiBa
MneBeH 4 (50.28%) c HamasneHue
oT 26.80% ™" eamHuun. CopThT ce
OT/IM4aBa 1 C AOKa3aHO Hai-BUCOK
nHxnounpawy, egoext (IE 1)— 37.32%.
MoBpeneHn ¢ Npo3opye OT umaru-
HUpas1 3bpPHOAL ceMeHa (cemeHa
TMn 3) ce xapakrepusupaT C Hali-
HUCKa Kb/lHAEMa eHeprusa U
Kb/iHAeMOCT. CnpsAMo 34paBuTe
CeMeHa KbJ/IHAeMOCTTa [oKa3aHo
HamansiBa oT 54.34 g0 64.16% ™
eAMHULM KaTo MeXxay copToBeTe
Hali-H/CKa 3HauYMMa KbJ/IHAEMOCT U
BMCOK MHXmnbupauw, edpekt (IE ;) ce
yctaHoBABa npu [llneBeH 4
(cboTBEeTHO 12.92 1 94.56 %). Mpun
TO3M TN 3 cemMeHa, copT [gHC e ¢
[0Ka3aHO MNO-BUCOKA KbJ/IHAEMOCT
cnpssMo KamepToH M C Hal-HUCHK
nHxnoupawy, egekt (IE o) — 78.13
%.

maximum vyield according to the
requirements for minimum
germination in pea sowing (Guide
to Seed Certification Procedures,
2012) — Table 1.

As a result of damage from
Bruchus pisorum and related to
that deterioration of seed quality
was changed the germination of
seeds. The germination was in
limits from 50.28 to 70.78% in
damaged seeds with parasitoid
emergence hole (type 2). It
significantly decreased from 9.45
to 26.80 percentage points to the
germination of the relevant healthy
seeds (type 1).

Among varieties with statistically
significant lower germination was
distinguished Pleven 4 (50.28%)
with decrease by 26.80 percentage
points. This variety was
distinguished with significantly the
highest inhibitory effect (IE ;) —
37.32%. The damaged seeds with
bruchid emergence hole (type 3)

were characterized with lowest
energy of emergence and
germination. Compared to the

healthy seeds the germination
significantly reduced from 54.34 to
64.16 percentage points as among
the varieties the lowest significant
germination and high inhibitory
effect (IE ;) was found in Pleven 4
(12.92 and 94.56 % respectively).
At this type of seeds (type 3)
Glyans variety was with
significantly lower germination to
Kamerton and with  lowest
inhibitory effect (IE 2) — 78.13 %.
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Tabuual. BnuaHme Ha noBpeguTe, NpuuUMHEeHU OT Bruchus pisorum BbpXxy
NOKbJ/IBAHETO HAa ceMeHaTa Npwv pas/INYHN COPTOBE NpoJieTeH hypaxkeH rpax
Table 1. Effect of the damage caused by Bruchus pisorum on seed germination
in different varieties of spring forage pea

Sgﬁ;?;g ElG GlP E2(3 (32P E:);B GsP toss? IE 4, % IE 2, % Igosst/)
Glyans 5423 84.76cYa’ 50.77 70.78b/b 19.97 27.74a/c 9797 1011ala 78.13bja 10-937
Cvit 4835 80.90c/a 4530 6591b/b 2323 2657a/bc 9826 1446a/a 79.59b/a 13665
Kamerton 52.24 79.48c/a 47.87 70.03b/b 2070 21.42al/b -"*7 11.78a/a 86.44bjab /720
Modus  53.23 80.90c/a 40.69 64.04b/b 19.22 22.79a/bc 2149 1708a/a 84.64b/a 11525
Pleven4 47.39 77.08c/a 40.69 50.28b/a 1051 12.92a/a 899 3732a/6 9456bm 12879
Average 51.09 80.63 4506 64.21 1873  22.29 18.15 84.67

5.980 9.103 7.674 10.383 9.692

LSD s%

NereHga: Tun 1 — 3gpaBu cemeHa; Tun 2 — NoBpegeHn ¢ Npo3opye OT NMarnH1pasn napasmtons
cemeHa; Tun 3 - loBpefAeHn C Npo3opye OT umMarMHupan 3bpHosan cemeHa; EG - kbnHaema
eHeprus, %; GP — KbnHsaemocT, %; IE 1, % - NHxubmpawuat edpekt Ha 34pasBu cripsmo
napasvTvpaHun cemeHa; IE 2, % - VHxnbupawmsaT ediekT Ha 34paBu CpsAMO NOBPEAEHU C
npo3opye CeMeHa; * - AoKa3aHOCT MeXAay TUMOBETE CEMEHA 3a COpPT; ** - AOKa3aHOCT Mexay
copToBeTe

Legend: Type 1 — healthy seeds; Type 2 — damaged seeds with parasitoid emergence hole;
Type 3 — damaged seeds with bruchid emergence hole; EG - Energy of emergence, %; GP -
Germination percentage, %; IE 1, % - Inhibitory effect of damaged seeds with parasitoid
emergence hole; IE 2, % - - Inhibitory effect of damaged seeds with bruchid emergence hole, %;
L. significance among the type of seeds for a variety; 2 significance among the varieties values

without same letter are significantly different

Kato wun3pas Ha noceBHUTE
KayecTBa Ha cemMeHaTa e cwiarta
Ha pacTex Ha NbPBUYHUSA KOPEH U
Kb/IH B pamMKuTe Ha onpegeseH
COpT. JJaHHUTEe OT BUOMETPUYHUTE
n3mMepBaHns BbPXY Ab/DKMHATA HA
HapacTBaHe Ha MbPBUYHMA KOPEH
N KbJTH (CM) 1 TAXHOTO TernoTo (g)
AaBaT Bb3MOXHOCT 06EKTUBHO fa
Ce OUEeHMN peakuuaTa Ha U3nuTBa-
HUTE COpPTOBE B MbpBOHAYa/IHUTE
eTann OT THAXHOTO pas3BuTue B
pe3yntar Ha noBpegata oOT B.
pisorum (Tabnuua 2). Habnwogasa
Ce M3BECTHO pasnnuve B Ob/DKU-
HaTta HapacTBaHe Ha MbPBUYHUSA
KOpeH W Kb/IH Ha 34paBuTe
CeMeHa KaTto [oka3aHo Haii-
BMCOKM CTOMHOCTM Ca YCTaHOBEHM
npu MNneeeH 4 (cboTBeTHO 9.015 n

As expression of the sowing
characteristics of seeds was the
growth strength of primary radicle
and plumule within certain variety.
Data from biometric measure-
ments in regard to the length of
primary radicle and plumule (cm)
and their weight (g) permitted
objectively to evaluate the reaction
of studied varieties in the initial
stages of their development as a
result of damage by B. pisorum
(Table 2).

It was observed some difference
with respect to the upgrowth
length of primary radicle and
plumule in the healthy seeds as
significantly the highest values
were found for Pleven 4 variety
(9.015 and 3.773 cm respectively).
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3.773cm). N3knoyeHne 3a 3Haun-
Ma pasimka ce Habmojasa
eIMHCTBEHO cnpamo [naHc no
OTHOLUEHWEe Ha Ab/KMHata Ha
KopeHa. [lpn Aapyrute copToBe
CTONHOCTUTE ca B G/IN3KN rpaHnLm
n Bapupart ot 7.169 o 7.945cm u
oT 1.034 po 2.030cm CbLOTBETHO
3a NbpBMYEH KOPEH U Kb/H. [0
OTHOLlEHWe Ha TersIoTo  Ha
MbPBUYHUA KOPEH C [oKa3aHo
Hali-BMCOKO TakoBa Ce OT/In4yaBa
FnaHc (0.117g), a npu Aapyrute
Bapupa ot 0.078 mo 0.098g cbcC
3HaYUMn pasnvkn mexagy Cseut u
Mopayc (0.098 n 0.078g
CboTBeTHO). [pwn TlMneeBeH 4 ce
HabnogaBa CTaTUCTUYECKN [OKa-
3aHO HaW-roNIAMo Tersio Ha KbJiHa
(0.083g), cnegBaH ot CsiT
(0.055g). Mexay pAOb/mkMHata Ha
HapacTBaHe Ha NbPBUYHUA KOPEH
N KbIH WU TAXHOTO TersoTo ca
YCTaHOBEHU MONIOXUTENHN Kope-
NaLUMOHHM  3aBUCMMOCTU  KaTo
CWU/IHO M3paseHn TakmBa ca mMexay
Ob/KMHaTa 1 TerNoTo Ha Kb/lHa —
r = + 0981 u AvkuHata Ha
MbPBUYHUA KOPEH W KbJH -
r=+0.928.

B pe3yntaTt Ha XpaHeHeTo Ha
napsata ce noTucka B M3BECTHa
CTENEeH HapacTBaHeTO Ha NbpBUY-
HMA KOpeH Ha cemeHaTa Tun 2
KaTo HeroBata Ab/DKMHA Bapupa
ot 4571 po 7.736 cm.
EanHctBeHo npu [lneBeH 4 ce
yCTaHOBsIBa [j0Ka3aHO HamasleHune

oT 49.3% B HapacTBaHeTO Ha
KOpeHYyeTo CcrnpamMo ToBa Ha
34paBuUTe CeMeHa, [JokaTto npwu
apyrute copToBse TO e

Exception for significant difference
was observed only relative to
Glyans variety in regard to the
radicle length.

At the other varieties the values
were in close limits and varied
from 7.169 to 7.945 cm and from
1.034 to 2.030 cm respectively for
primary radicle and shoot. In
regard to the weight of primary
radicle with significantly the
highest weight was distinguished
Glyans (0.117g) and at the others
it varied from 0.078 to 0.098 g with
significant differences between
Cvit and Modus (0.098 and 0.078g
respectively). At Pleven 4 variety
was observed statistically
significant the greatest weight of
plumule (0.083 g) followed by Cvit
(0.055 g). Among the upgrowth
length of primary radicle and
plumule were established positive
correlations as strongly expressed
ones were between the length and
weight of plumule (r = + 0.981)
and between the length of primary
radicle and plumule (r = + 0.928).

As a result of the larva
feeding was suppressed in some
degree the upgrowth of primary
radicle at seeds type 2 as its
length varied from 4.571 to 7.736
cm. Only in Pleven 4 variety was
found significantly reduction from
49.3% in the upgrowth of radicle
compared to this of the healthy
seeds till at other varieties it was
insignificant (from 2.6 to 11.1%
reduction).
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He3HauntenHo (ot 2.6 go 11.1%
HamasieHue). o OTHOWeHne Ha
TErNoTo 3HaYMMO HamasneHue oT
21.3 po 39.3% ce Habnwogasa npu
naHe, CeBut wn [llneBeH 4.
MoBpeAeHn €  npo3opye  OT
nMarnHupas napasutoun cemeHa
Ce Xxapakrepusupar C HamasieHu
cnpAMO 34paBuUTe, HO CTaTUCTK-
YeCKM He3HauMmu CTOMHOCTU Ha
nokasarenute Ab/HXKUHA W Terno
Ha KbsiHa — oT 4.2 go 23.3% un ot
3.3 no 25.8% cvoTBETHO. Mexnay
COpTOBETE C AOKasaHu MO-HUCKK
CTOMHOCTM B  [AbJ/DKMHATa Ha
KopeHyeTo ce oTnimyaBa lneBeH 4
(4.571cm), HO npu Hero e
yCTaHOBEHO n Hali-ronsma
Ab/KMHA Ha Kb/Ha (3.152cm).
Hai-cbliecTBEHM  NPOMEHU
Nno OTHOLUEeHMe Ha npoyyBaHuTe
rnokasarenu ce ycraHoBsiBaT MNpu
nospefeHuTe C nposopye OT
nMarvHupas 3bpHOA4 CemMeHa
(tvn 3). Mpun BCUYKM copTOBE Ce
HabnogaBa [OKa3aHO MOTUCKaHe
B HapacTBaHETO Ha MNbPBUYHMUSA
KOpeH n HEerosoTo Terno
(M3knoveHne wunMa  eAnHCTBEHO
npy KamepToH B TErs0To) crnpsamMo
CbOTBETHUTE npwu 3apaBute
cemeHa ot 13.1 po 58.1% un ot
27.0 po 56.7%. Hai-cunHo
N3ABEHO € TOBa MOTUCKaHe npu
MneBeH 4, a B Hali-cflaba cTeneH—
npu Fnadc. [lokasaHo HamasieHne

B [Ab/DKMHATA Ha Kb/Ha ce
yctaHoBABa npu [lneBeH 4
(39.3%), TInaHc (38.5%) wu

KamepToH (36.7%), a B HeroBso
Terno — npu MNneseH 4 (40.8%) u
KamepToH (39.8%).

In regard to the weight a
significant decrease from 21.3 to
39.3% was observed at Glyans,
Cvit and Pleven 4. The damaged
seeds with parasitoid emergence
hole were characterized with lower
values of the plumule length and
weight (from 4.2 to 23.3% and
from 3.3 to 25.8% respectively) to
the healthy seeds but these values
were  statistically insignificant.
Among the varieties with
significantly lower values of the
radicle length was distinguished
Pleven 4 (4.571 cm) as this variety
had and the greatest length of
plumule (3.152cm).

The most essential changes
as regards the studied parameters
were found in the damaged seeds
with bruchid emergence hole (type
3). In all varieties was observed
significant suppression in the
upgrowth of primary radicle and its
weight (only exception was the
weight of Kamerton variety) to the
relevant in the healthy seeds from
13.1 to 58.1% and from 27.0 to
56.7%.

The suppression was most
pronounced for Pleven 4 and the
lowest — for Glyans.

Significant decrease in plumule
length was established for Pleven
4 (39.3%), Glyans (38.5%) and
Kamerton (36.7%) and as regards
its weight — for Pleven 4 (40.8%)
and Kamerton (39.8%).
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Tabnuua 2. BnusHue Ha cTeneHTa Ha noBpega oT Bruchus pisorum no cemeHata
BbpPXY Ab/DKMHATA U TEI10TO HA MbPBUYHUSA KOPEH U KbJ/lHa

Table 2. Effect of the degree of damage by Bruchus pisorum to pea seeds on the
length and weight of primary radicle and plumule

CopTtoBe
Varieties 1 2 3 LSD s,

RL
Glyans 7.945 BY/ab’ 7.736 b/b 6.900 a/b 0.823
Cvit 7653 b/a 7.032 ab/b 4,923 alab 2.153
Kamerton 7.169 b/a 6.656 ab/b 4473 alab 2.435
Modus 7571 b/a 6.733 ab/b 5.850 a/ab 1.576
Pleven 4 9.015 b/b 4571 ala 3.775 ala 1.969
Average 7.871 6.546 5.184
LSD s 1.157 1.198 2.570

RwW
Glyans 0.117 b/c 0.092 a/b 0.082 a/b 0.018
Cvit 0.098 b/b 0.067 ala 0.061 a/ab 0.014
Kamerton 0.083 a/ab 0.069 al/a 0.061 a/ab 0.03
Modus 0.078 b/a 0.069 ab/a 0.055 al/a 0.016
Pleven 4 0.092 b/ab 0.056 al/a 0.040 al/a 0.03
Average 0.094 0.071 0.060
LSD &g, 0.018 0.017 0.028

PL
Glyans 1.660 b/ab 1.514 b/ab 1.021 ala 0.442
Cvit 2.030 a/b 1.945 alb 1.755 alb 0.826
Kamerton 1.231 b/ab 0.944 ab/a 0.780 al/a 0.332
Modus 1.034 al/a 0.974 ala 0.785 ala 0.324
Pleven 4 3.773 b/c 3.152 ab/c 2.292 alc 1.294
Average 1.946 1.706 1.326
LSD s 0.879 0.667 0.507

PW
Glyans 0.040 a/ab 0.038 a/a 0.029 a/ab 0.011
Cvit 0.055 al/b 0.051 al/a 0.040 a/ab 0.061
Kamerton 0.025 b/a 0.019 ab/a 0.015 a/a 0.009
Modus 0.027 ala 0.026 al/a 0.019 a/a 0.009
Pleven 4 0.083 al/c 0.063 al/a 0.049 b/b 0.032
Average 0.046 0.039 0.030
LSD &g, 0.024 0.048 0.030

Nerenpa: 1 — 3gpaBu cemeHa; 2 — MoBpeAeHN ¢ NPO30pye OT UMarMHMpasa napasuTons CEMeHa;
3 - MNoBpefeHn ¢ Npo3opye OT UMarMHMpasa 3bpHOSA ceMeHa; RL - Ab/pkMHaTa Ha KOpPEH4YeTo,
cm; RW - Terno Ha NbpBUYHUA KOPEH, g; PL - Ab/mkuHa Ha KbnHa, cm; PW - Terno Ha Kb/Ha, g;
* - 0Ka3aHOCT MeX/y TUMOBETE CEMEHA 3a COpT; ** - JO0Ka3aHOCT Mexay CoOpToBeTe

Legend: 1 — healthy seeds; 2 — damaged seeds with parasitoid emergence hole; 3 — damaged
seeds with bruchid emergence hole; RL - radicle length, cm; RW - radicle weight, g; PL -
plumule length, cm; PW - plumule weight, g; 1. significance among the type of seeds for a
variety; Z. significance among the varieties values without same letter are significantly different

Mpn cpaBHsABaHe Ha coptoBeTe | The comparing of varieties
3HauUMMM pasnukn no oTtHoweHue | showed significant differences in
Ha AOb/kMHata W Ternoto Ha | regard to the length and weight of
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MbPBUYHUA KOPEH U AbJ/hKuHaTa
Ha KbJlHA ce Habnwgasat mMexay
MneBeH 4 u [naHc. [okasaHu
pasnnKy Mexzay cemeHaTa Tumn 2 u
TMn 3 ce Habnwpaasart npu MNsHC
Mo OTHOLWIEHWE Ha Ab/hKMHATa Ha
MbPBUYHUA KOPEH U KbJIH, 4OKATO
npu Opyrute COPTOBU TakMBa He
ca yCTaHOBEHMW.

MonyyeHuTe pesyntatn npwu
onpefensaHe Ha MHAekKca Ha
XW3HEHOCT Ha NbPBUYHUA KOPEH U
kbnH (VIr, Vip) B Tabnumua 3
rnokassart HeZlBYCMUC/IEHO [0Ka3a-
Ha pasvka Mexay TpuTe Tuna
CeMeHa npu npoyysaHuTe COpPTO-
Be. C  Hal-HUCKM  3HAYUMM
CTOMHOCTM ca noBpefeHuTe C
npo3opye OT MMarvHMpan 3bpPHO-
a4 cemeHa (Tun 3), cnegBaHu OT
noBpefeHuTe C nposopye OT
nmarvHupan napasmtoung cemeHa
(tvn  2). VIir n VIip Bapupart
CbOTBETHO OT 48.78 po 191.43 n
ot 16.70 po 46.61 3a cemeHa Tvn
3 n ot 229.83 o 547.59 (VIr) n ot
62.39 no 158.46 (VIp) 3a cemeHa
TN 2 CcbOTBETHO. lNpu cpaBHABa-
He MeX/y COpTOBeTe C Hal-BMCOK
MHOEKC Ha XM3HEHOCT Ha 34pasu
cemeHa (tTmn 1) ce oT/IM4aBa
MneBeH 4 (694.87 wn 290.80
CbOTBETHO 32 KOPEH U KbJH),
cnepBaH ot [naHc n CeBuT. Tasm
TeHAeHUnsa npu cemeHa tvn 2 n 3
ce 3anassa €OWHCTBEHO Mpu
naHc no oTHoweHwue VIr, npu
KOWTO CTOMHOCTMUTE Ha MokasaTe-
nd  ca  [JokasaHO  MNO-BUCOKW
cnpsAMo  gpyrute npoy4BaHu
coptoBe (547.59 n 191.43 cboT-
BETHO). lpu TO3M cOpT Hamase-

primary radicle and plumule length
between Pleven 4 and Glyans.
Significant differences between
seeds type 2 and type 3 were
observed for Glyans in respect to
the length of primary radicle and
plumule until for other varieties
such differences were not found.

The obtained results at
determination of vigor index of
primary radicle (VIr) and plumule
(VIp) in Table 3 showed a
significant difference among the
three types of seeds for studied
varieties.  With  the lowest
significant values were damaged
seeds with bruchid emergence
hole (type 3) followed by damaged
seeds with parasitoid emergence
hole (type 2).

VIr and VIp varied from 48.78 to
191.43 and from 16.70 to 46.61 for
type 3 and from 229.83 to 547.59
(VIr) and from 62.39 to 158.46
(SVIp) for type 2 respectively. At
comparing among Vvarieties with
highest vigor index of healthy
seeds (type 1) was distinguished
Pleven 4 (694.87 and 290.80
respectively for radicle and
plumule) followed by Glyans and
Cuvit.

This trend at type 2 and 3 (seeds)
was retained only at Glyans in
regard to VIr where the values of
parameter  were  significantly
higher to other studied varieties
(547.59 and 191.43 respectively).

In this variety the reduction relative
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HMeTOo cnpsAMo 34paBuTe ceMmeHa e | to the healthy seeds was least

€QHOBPEMEHHO U  Hali-cnabo | pronounced — 18.7 and 71.6%
naBeHo — 187 wn  71.6% | respectively for seeds type 2 and
CbOTBETHO 3a ceMeHa Tun 2 u 3. 3.

Tabnuua 3. BnvsHMe Ha cTeneHTa Ha noBpeaa oT Bruchus pisorum no cemeHarta
BbpPXY MHAEKCA Ha XU3HEHOCT (SVI) n nHagekca Ha KbaHsiemocT (Gl)

Table 3. Effect of the degree of damage by Bruchus pisorum to pea seeds on
vigor index (VI) and germination index (Gl)

CopTtoBe
Varieties 1 2 3 LSD 50,
Vir

Glyans 673.44 c'/ab? 547.59 b/c 191.43 alc 71.36
Cvit 619.14 c/ab 463.45 b/b 130.78 al/b 71.766
Kamerton 569.81 c/a 466.08 b/b 95.80 a/ab 70.984
Modus 612.50 c/ab 431.19 b/b 133.30 a/b 92.101
Pleven 4 694.87 c/b 229.83 b/a 48.78 ala 172.334
Average 633.95 427.63 120.02

LSD s, 133.56 83.485 60.594

Vip

Glyans 140.69 c/ab 107.19 b/b 28.33 al/ab 22.793
Cvit 164.25 b/b 128.22 b/bc 46.61 alb 56.132
Kamerton 97.87 c/ab 66.14 b/a 16.70 a/a 27.932
Modus 83.62 c/a 62.39 b/a 1789 al/a 17.802
Pleven 4 290.80 c/c 158.46 b/c 29.61 al/a 121.724
Average 155.44 104.48 27.83

LSD &g, 88.63 49.189 12.541

Gl

Glyans 15.42 bl/a 15.28 b/c 3.13 a/b 3.523
Cvit 1484 b/a 12.20 b/ab 344 alb 3.719
Kamerton 15.68 b/a 14.01 b/bc 255 al/ab 2.201
Modus 15.97 cl/a 12.18 b/ab 245 alab 2.953
Pleven 4 14.48 cla 9.59 b/a 139 al/a 4.68
Average 15.28 12.65 2.59

LSD s 4,711 2.955 1.392

NereHpga: 1 — 3apaBu cemeHa; 2 — NoBpeLeHn ¢ Npo3opye OT MarnH1upa napasntons ceMeHa;
3 - MNoBpeeHn ¢ Npo3opye OT UMarnHupasna 3bpHoAL cemeHa; VIr - nHgekca Ha XMU3HEHOCT Ha
KopeH4eTo; VIp- nHAeKca Ha XM3HEHOCT Ha Kb/iHa; Gl - MHAEKC Ha Kb/IHAEMOCT; * - foKa3aHOCT
Mexay TUNOBETE CEMEHa 3a COpT; ** - 10Ka3aHOCT MeXay COpToBeTe

Legend: 1 — healthy seeds, 2 — damaged seeds with parasitoid emergence hole, 3 — damaged
seeds with bruchid emergence hole, VIr — vigor index of radicle, VIp- vigor index of plumule, Gl -
germination index; T significance among the type of seeds for a variety; Z. significance among
the varieties values without same letter are significantly different
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Mpu CBUT pe3yntatute He ca
TO/IKOBA KaTeropuyHu, He3aBwUCU-
MO OT MO-BUCOKMA WHAOEKC Ha
XW3HEHOCT Ha MbPBUYHUA KOPEH.
MneBeH 4 ce OTKposiBa C Haui-
HACBbK  JOKasaH MHAOEKC Ha
XW3HEHOCT Ha NbPBUYHUA KOPEH
mMexnay coptoseTe (229.83 n 48.78
CbOTBETHO 3a cemeHa TMn 2 n 3) u
Hali-ronNsiMo  HamasieHve CnpsiMo
3apasute cemeHa (66.9 n 93.0%).
YcTtaHoBeHarta no-ronsmMa Ab/hKu-
Ha Ha KbJ/lHa Ha 34paBuTe ceMeHa
npu copt lneBeH 4 He rapaHTupa
cnabo un3paseHO HamasieHne B
cToiiHocTuTe Ha Vip npu nospege-
HUTe cemMeHa. BaxHo e pga ce
oTGenexu, 4ye npu TO3M COPT
HamaneHneto B VIp cnpamo
3[paBnTe CeEMeHa € Hali-3Haunumo
(455 n 89.8% cbOTBETHO 3a
cemeHa Tun 2 u 3).

Pe3yntatnte no OTHOLWIEHMe
Ha WHAEKCa Ha Kb/IHAEMOCT ca
aHanornyHn wn nokasarenHu. C
BMCOKN CTOMHOCTW e4HOBPEMEHHO
npu gpara Tuna noBpeneHu
cemeHa 2 n 3 (15.277 n 3.129%),
KakTo M B Hai-cnaba cTeneH
HamMasieHne CcrnpsMo CbOTBETHUTE
cemMeHa Tvn 1 ce oT/inMyaBa [NsHC.
Tohi e C [okasaHu pas/vku
cnpamo neseH 4. NocnegHnAaT e
C Hal-HUCBK WHAOEKC Ha KbJHse-
MOCT 3a TpuUTe Tuna CemMeHa u C
Hali-CUNIHO M3pa3eHO0 HamasieHne
B CTOMHOCTUTE Ha CemMeHa Tun 2 u
3 — 33.7 n 90.4% CbLOTBETHO
cnpsamo 34paBute cemMeHa.
HesaBncumMo OT copTa [[oKas3aHo
Hal-HUCBK MHAOEKC ce Habnwaasa
npu nospefeHNTe C nposopye oOT

The results were not so
categorical for Cvit independently
of higher vigor index of primary
radicle. Pleven 4 variety was
distinguished with the lowest vigor
index of primary radicle among the
varieties (229.83 and 48.78
respectively for type 2 and 3) and
the greatest reduction to the
healthy seeds (66.9 and 93.0%).

The greater plumule length of
healthy seeds for Pleven 4 variety
did not secure reduction in Vip
values of the damaged seeds. It
was important to note that for this
variety the reduction in VIp to the
healthy seeds was the most
essential (45.5 and 89.8% for
seeds type 2 and 3 respectively).

The results in regard to the
germination index were analogical
and indicative. Glyans variety was
distinguished with high values in
both types (2 and 3) of damaged
seeds (15.277 and 3.129%) as
well as with lowest degree of
reduction to the relevant seeds
from type 1. This variety had
significant differences to Pleven 4
variety. The last one had the
lowest germination index for all
types of seeds and the most
pronounced reduction in the
values of seeds for type 2 and
type 3 - 337 and 90.4%
respectively to the healthy seeds.
Independently of the variety factor
significantly lowest index (variation
in limits 1.388 — 3.438%) was
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nMarvHMpan 3bpHOAL CeMeHa,
KOWTO Bapupa B rpaHuyata 1.388-
3.438%. WHAOEKCHbT Ha KbiHAe-
MOCT  Mpu  noBpegeHuTe C
npo3opye OT MMarnHupasn napasu-
TOong CemMeHa e [JoKa3aHO T[o-
BUCOK CNpAMO cemMeHa Tun 3 U
[0Ka3aHo Mo-HUCHLK CNpsMOo ceme-
Ha TN 1 eQMHCTBEHO NpU COPTO-
BeTe [1neBeH 4 n Mopyc. He ce
HabnogaBa 3HauMma pas/ivka B
CTOMHOCTUTE  Ha  nokasaTens
MeXAy COpTOBeTe Npu CeEMeHa Tur
1 kato Te BapupaT oT 14.479 po
15.793%.

Upes HanpaBeHns aHa/In3 Ha
BapvaHca MNO OTHOLLUEHMe Ha
Kb/lHAemMara  CrnocoOHOCT  Ha
34paBu 1 nospeneHn ot Bruchus
pisorum cemMeHa npu copToBe rpax
ce yCTaHOBfiBa, Ye [AOMMHMpALL
dhakTop npu BCUYKM aHaNn3npaHu
rnokasarenu e TUMbT Ha CeMeHa
(dpaktop B) — Tabnuua 4. Toi
oKasBa Hal-CUIHO BJIMSIHNE BbPXY
NnoceBHUTE KayecTsa M MMa Aoka-
3aH epekT — oT 5.6 0o 94.8% oT
o6WoTo BapupaHe. W3knoyeHne
ce Habnwpgasa eAVHCTBEHO Mpu
TEerno ” [Ab/KMHA Ha KblHa,
Kb[EeTO He e yCTaHOBEeHO foKas3a-
HO BnsAHWe. CopToBeTe ca CbLlo
dhakTop Npu NOBEYETO Nnokasaresiv
C [lOKasaHa cuna Ha BAWsAHWE, HO
TAXHOTO Bb34eNcTBne e no-cnabo
n3paseHo — ot 2.4 po 70.3%.
B3anmopgeinctesneTo mexay Asata
dhaktopa (AxB) kato cunata Ha
BNNAHNE Bapupa B MHOI0 TeCHU
rpaHnum — ot 0.9 go 17.4% kato e
pokasaHo npu RL, RW n Vip.

observed in damaged seeds with
bruchid emergence hole. The
germination index for damaged
seeds with parasitoid emergence
hole (type 2) was significantly
higher to type 3 and significantly
lower to type 1 only for Pleven 4
and Modus varieties. It was not
observed significant difference in
the values of parameter among
the varieties for seeds type 1 as
they varied from 14479 to
15.793%.

The analysis of variance in
regard to the germination ability of
healthy seeds and damaged
seeds by B. pisorum in pea
varieties showed that dominant
factor in all analyzed parameters
was the type of seeds (factor B) —
Table 4. It had the strongest
influence on the sowing qualities
and significant effect — from 5.6 to
94.8% from the total variation. It
was observed an exception only in
regard to the plumule length and
weight andwhere it was not found
significant influence. The varieties
were also factor in more
parameters with significant
strength of influence but their
interaction was lower pronounced
— from 24 to 70.3%. The
interaction between two factors
(AxB) as strength of influence
varied in very narrow limits — from
0.9 to 17.4% and was significant in
RL, RW and VlIp parameters.
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Tabnuua 4. AHaIM3 Ha BapuaHca Ha
thypaxeH rpax

n3cnenBaHuTe (PaKTopy MNMpU COPTOBE

Table 4. Analysis of variance for studied factors in pea forage varieties

Source 4 ©OP GP RL RL RW RW PL PL
of variation MS IF% MS IFE% MS IFE% MS IF%
Total 59 13688 - 3.2 - 000053 - 0.9 -
Factor A-Variety 4 491.2 2.4 53 11.3* 0.00212 27.3* 9.3 70.3*
z:g(tj‘;r B-Types of 38281.3 94.8* 36.1 38.4* 0.00598 38.4* 1.9 7.3
AxB 8 903 09 41 17.4* 0.00019 5.0¢ 03 40
Pooled error 42 260 15 14 32.9* 0.00020 29.3* 0.2  18.3*
Source df PW PW Gl Gl Vir Vir Vip Vip
of variation MS IF,% MS IF, % MS IF, % MS IF, %
Total 59 000076 - 356 -  93897.1 - 97754 -
Factor A-Variety 4 0.00417 37.2* 132 25 380195 2.7 292305 20.3*
FaclorB-Typesof 5 000125 56 897.0 85.4* 24341450 87.9% 1512485 52.4"
AxB 8 000012 22 47 18 414391 6.0 110554 15.3*
Pooled error 42 0.00055 55.0+ 4.8 103 41789 3.4  1530.8 11.9*

Nerenpa: LSD oo0s%, DF — CteneH Ha cBo6oga; MS — CpegeH kBagpaT; IF — BnusiHne Ha
haktopa, %; GP — kbrHsiemocT, % ;RL - gb/knHaTa Ha KopeH4yeTo, cm; RW - Terno Ha
NbPBUYHNA KOpPeH, g; PL - Ab/mkuMHa Ha KbaHa, cm; PW - Terno Ha kbnHa, g; Gl - nHaekc Ha
Kb/iHAeMOocCT; VIr - nHAeKca Ha XM3HEeHOCT Ha KopeHYeTo; VIp- nHaekca Ha XXU3HEHOCT Ha Kb/Ha,;

*n0oKa3aHoCT

Legend: LSD ¢0s5%; DF - Degrees of freedom; MS - Mean square; IF - Influence of factor; GP -
germination percentage; RL - radicle length; RW - radicle weight; PL - plumule length; PW -
plumule weight; GI - germination index; VIr - vigor index of radicle; Vip - vigor index of plumule;

*significant

CopToBaTa npUHaANEXHOCT
Ha cemeHaTta e daktop, Bnusew
BbpPXy THAXHOTO MOHUKBAHE U
noceBHN xapaktepuctukn (Gunn,
1972). OT gpyra cTpaHa NoHuKBa-
HETO Ha cemeHaTa ce B/usde OT
MHOro abuoTmyHn u OBUOTUYHU
dhakTopK, BKIOUMTENHO U MNOBpe-
AN OT  pas/inyHu  BpeauTenu.
BpemeTo, 3a KOeTo noKb/aBaT U
NMOHMKBAT CemeHaTa OkasBa cepu-
03HM nocneavun BbPXY Uenus
npouec Ha pacTtex u pasBuTue Ha
otaenHute  pacteHus  (Kalisz,
1986). Cnopep, Southgate (1979)
edoekTute Ha noBpefeHuTe OT
3bPHOAAN CEMEHA BbPXY KbJlHse-
MOCTTa MoraT ga 6baart Henpea-
cKkasyemu. lMoBpeneHnTe c

Varietals appurtenance of
seeds was a factor influencing
their germination and sowing
characteristics (Gunn, 1972). On
the other hand the emergence of
seeds is influenced by many
abiotic and biotic factors including
damages by different insects. The
period for which the seeds emerge

and germinate has serious
consequences on the whole
process of plant growth and

development (Kalisz, 1986).

According to Southgate (1979) the
effects of damaged bruchid seeds
on the germination could be
unpredictable.

The  damaged

seeds with
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npo3opye OT MMarvHupas napasu-
Tong cemeHa (cemeHa Tvn 2) umat
[0Ka3aHO MO-HUCKA KbJ/IHAEMOCT
CnpsAMO 34paBuTe CeMeHa, Hesa-
BMCUMO 4e napsarta He e [OCTUr-
Hana [0 CBOETO MbJIHO pasBuTME
N e 3arMHana. To3n Tun cemeHa ce
OoT/IM4yaBaT C [oKa3aHO Mo-BMCOKa
Kb/ITHAEMOCT W 3HAYUTEsIHO Mo-
HUCBK WHXMOUpalwy, edekt (IE1)
CNpsIMO NOBpPeAEeHN C Npo3opye oT

nMmarMHmpan 3bpHOSiL  CeMeHa
(cemeHa Tun 3).
PaHHaTa  CMBPTHOCT  Ha

napBuTe Ha rpaxoBust 3bpHOAL,
nopagu napasvtusbM, He OKa3Ba
B TakaBa rosisiMa CTeneH otpuua-
TE/IHO BJ/IMSAHNE BBPXY KbJIHSAE-
MOCTTa W MOHUKBAHETO Ha ceme-
Hata, 3alloTo JlapBuUTe 3arvear,
npean pa KoHcymupar TBbpae
rofiemMm KosmyecTBa XpaHuUTesTHU
Bewectea OT ceMeHaTta. 3a
pasnuka OT TAX Jnapsara npu
noBpefeHnTe cemeHaTta C Mmaru-
HApann Bb3pacTHU  WHAMBUAMN,
XpaHelrkn ce egekTMBHO ybuBa
eMbproHa NN yHuL0XaBa TOJKO-
Ba rosiima 4yact OT eHAocnepma, B
pe3ynartaT Ha KOeTo rossma 4act
OT cemeHaTa He morart ga Mnokb/i-
HaT (Thomson, 1979; El Atta,
1993; Camargo-Ricalde et al.,
2004). PesynTtar oT noBpepgata e
N  BUCOKMSA WHXMOUpaLL edqekT
(IE2). Bwbnpekn Te3n naryoHu
nocneguum B pesysnrtaT Ha WweTtuTte
Mo cemeHatra OT 3bpHOAAMUTE,
N3BECTEH NPOLEHT Ha NoBpeaeH!-
Te CemMeHa nNOoKb/BaT YCMEeLHO.
CxogHn pesyntatu  poknagsart
Nakai n konektus (2011), crnopep

parasitoid emergence hole (type 2)
had significantly lower germination
independently that the larva did
not reach its full development and
was died.

This type was distinguished with
significantly higher germination
and considerably lowers inhibitory
effect (IE;) to damaged seeds with
bruchid emergence hole (type 3).

The early mortality of bruchid
larvae due to parasitism had no
negative influence in great degree
on seed germination because the
larvae  were killed before
consuming too large a quantity of
the seed.

Unlike that the larval feeding (in
damaged seeds with imago)
effectively kills the embryo or
removes so much endosperm that
a large part of seeds can not
germinate (Thomson, 1979; EI
Atta, 1993; Camargo-Ricalde et
al., 2004).

Result of damage was the high
inhibitory effect (IE;). Despite
these detrimental effects of seed-
beetle damage, some proportions
of infested seeds germinate
successfully.

Similar results reported Nakai et
al. (2011) pursuant to which the
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KOUTO cemMeHara, OT KOuUTO ce
nosBABaT napasuTHUTE Ocu OT
pog Pteromalus nokbnBar no-
yCneLHOo, OTKO/IKOTO ceMeHaTa, OT
KOSATO ce nosiBaBaT Bb3pacTHOTO
Ha Bruchus loti. JTapBuTe Ha TO3u
HenpuaTesi, KOUTO ca napasuTupa-
HW, KOHCymMupaT C Mno-Maska
WHTEH3WBHOCT  CemMeHata  Ha
Lathyrus japonicus, OTKOJIKOTO
HenapasuTupaHuTe  napsM  Ha
3bpHOsAA4a. Mateus © KONMEKTVB
(2011) ycTtaHoBsBAaT, Ye AeNbT Ha
MOKb/IHA/IM CeMeHa OT rpax e
3HaAYNTEsNIHO MO-BMUCOK MpU Henos-
pegeHute oT Bruchus pisorum
CeMeHa B CpaBHeHMe CbC CeMeHa-
Ta C UMarMHuUpasim 3bpHOAOM.
CxooHn pesyntaty 3a HamasieHa
Kb/IHAEMOCT, B pe3ynrar Ha
noBpeau oT 3bpPHOSAAM CbobLiaBar
n gpyrm astopu (Andersen, 1930;
Halevy, 1974; Hoffman et al,

1989).
dakTopsbT copTt OKasBa
BNIUSSHAE  BbPXY  MOKb/IBAHETO

€[MHCTBEHO NpV NOBpeAeHnTe C
npo3opye OT MMarMHMpasa 3bpHO-
A4 ceMeHa (cemeHa Tun 3) Kato
npu [NSHC ycTaHoBeHaTa Haii-
BMCOKA Kb/IHAEMOCT U  HUCHK
NHXMbMpaly, edekT BeposTHO ce
AbJ/DKN HA MO-BUCOKO ChbAbpXXaHue
Ha XpaHUTesnHW BewlecTBa. YcTa-
HOBEHO e, B 3aBWCUMOCT OT
YyBCTBUTE/IHOCTTA Ha Pas/NyHu
COpTOBE MNPOJIeTEH (PypaxeH rpax
KbM HanageHue ot Bruchus
pisorum HacTbnBaT OGUOXVMWYHM
NMPOMEHU, CBbpP3aHu C yBennyasa-
He CbAbpXaHMeTO Ha CypoB
NPOTEWH, 6enTbUMHM, oo

seeds from which Pteromalus
wasps is emerged germinated
more successfully than the seeds
from which Bruchus loti adults
emerged. B. loti larvae parasitised
by the two wasp species
consumed with less intensively the
seeds of Lathyrus japonicus than
the non parasitized larvae of
weevil.

Mateus et al. (2011) are found that
the proportion of pea germinated
seeds is significantly higher for
non-attacked seeds from Bruchus
pisorum compared to the attacked
seeds.

Similar results about reduced
germination in result of bruchid
damages are reported and other
authors (Andersen, 1930; Halevy,
1974; Hoffman et al., 1989).

The variety factor influenced
the germination only for damaged
seeds with bruchid emergence
hole (type 3).

The established highest
germination and low inhibitory
effect for Glyans variety probably
was due to the higher content of
nutrients.

It was found that depending on the
sensitivity of different pea varieties
in regard to attack of Bruchus
pisorum occurred biochemical
changes related to increased
content of crude protein, proteins,
total phenols, water-soluble
sugars, phosphorus and
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doeHoNKn, BOAOPA3TBOPUMUN 3axapu
n ocdop, HamasnisiBaHe CbAbp-
XaHWETO Ha Ka/lunil N TPUMNCUHUH-
XMbuTopHata akTMBHOCT. [lpwu
4yyBCTBUTE/IHATE COPTOBE YBENU-
YeHMeTo MO OTHOWeHMe U Ha
CYpoB MPOTEWUH, OGENTbUNHU U
06N heHONN e Hali-CUTHO n3pa-
36HO U Ce Ab/DKM Ha 3awuTHaTa
peakuus Ha pacTeHusiTa fa KoM-
neHcupar 3arybuTte OT noespeaute
(Hvkonosa n gp., 2009).

Pe3syntat Ha XpaHeHeTo Ha
napsarta Ha rpaxoBusi 3bpHOS[4, €
noTUCKaHe  HapacTBaHETO  Ha
MbPBUYHNS KOPEH U KbJH, KaKTO U
HamasiiBaHe Ha TAXHOTO Terso.
MoBpefdeHuTe C npo3opye OT
nMarmHupasn napasmtoung cemeHa
ca B Nno-cnaba cTeneH 3acerHatu B
CpaBHeHWe C oBpefeHuTe c
npo3opye OT MMarMHMpasl 3bpHO-
A/l CEMEHa, KbJeTo ce HabngaBa
[loKa3aHo MNoTMUCKaHe B HapacTBa-

HETO Ha MNbPBUYHUA KOPEH U
HEeroBoto Tersio  Npu  BCUYKMK
copToBe. N3uepnBaHeTo Ha

pesepBuUTe Ha KoTWledoHa npu
cemMeHa Tun 3 BepoATHO 3abass
pacTtexa Ha pacTeHWeTOo 1 No To3wu
Ha4yMH HamassiBa BEPOSATHOCTTA OT
Bb3cTaHoBABaHe. CopT [naHc ce
OoT/IM4aBa KaTo Hal-ToNlepaHTeH
KbM noBpegute oOT  Bruchus
pisorum, KOeTo € CBbp3aHo
BEPOATHO C Pa3/IMYHOTO KOMU-
4YeCTBO pPe3epBHU  XpaHUTEsTHU
BeLlecTBa, HaTpynaHu B cemeHarta
N TEXHUTE MOTEHUVaSTHU Bb3MOX-
HOCTW. KaTo Hai-4yBCTBUTENEH Ce
nposieaia lneseH 4, KOWTO He3a-
BMCMMO OT YyCTaHOBeHaTa Haii-

decreased content of calcium and
trypsin inhibitory activity.

The sensitive varieties had the
most pronounced increase in
regard to crude protein, proteins,
total phenols which due to the
protective reaction of plant to
compensate the losses from
damage (Nikolova et al., 2009).

Result of larva feeding of pea

weevil was suppression in the
growth of primary radicle and
plumule as well as decrease of
their weight.
The damaged seeds  with
parasitoid emergence hole were
less affected than the damaged
seeds with bruchid emergence
hole where was observed
significant suppression in the
growth and weight of primary
radicle for all varieties.

The depletion of cotyledon
reserves in seeds type 3 probably
slowed the growth and
development of plant and hence
reduced the  probability of
establishment. Glyans variety was
distinguished as the most tolerant
to damage by Bruchus pisorum
which likely was related to the
different quantity of reserve
nutrients accumulated in seeds
and their potential.

As the most sensitive was
manifested Pleven 4 which
independently of the greatest
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ronaMa Ab/DKMHA U Terno Ha
Kb/lHA CrpsaAMO Apyrute copToBe,
KOeTO e copToBa OCOGEHOCT, € B
Hal-CUMIHa CTEeneH 3acerHatr u c
HamMasieHn [MOoCeBHUTe KayecTBa
Ha cemeHarta. Mateus n KosiekTnB
(2011) yctaHoBsBaT, Ye CpeAHOTO
TErno Ab/HKMHA Ha NbPBUYHUSA
KOPEeH W Kb/IH Mpu 34paBute
CeMeHa ca [ioKa3aHOo Mo-BUCOKM OT
Te3n Ha noBpefeHuTe ot Bruchus
pisorum cemeHa. CblUeBpPEMEHHO
npu cpaBHsABaHe Ha cemeHaTta C
Ha/inume  Ha  nposopye  OT
3bpHOAAA N TakmBa C Ha/lnume Ha
nposopye OT napasuTouan He ce
yCTaHOBABAT 3HA4YMMWU  pPas3/vKu
MexXxay TAX MO OTHOLWEeHWe Ha
Kb/IHAEMOCTTa U XWU3HeHoCcTTa. B
HacToAWOTO wm3cnenBaHe noao6-
Ha TeHAEeHLMsA CbLLo ce Haboga-
Ba, HO cOpT [NAHC e u3KIYeHne
Karo Mma [okasaHO HamasleHue B
Ob/DKMHATA Ha MbPBUYHUA KOPEH
N Kb/IH MeXAy cemMeHarta OT Tun 2
n 3. Cnopen Bonal n konektus
(2007) n Mack (1998) npu HsAkou
pacTeHus, 4YacT OT KOTuefoHa
MOXe ha CNYXu n 3a
orpaHuyaBaHe Ha OTpUUATENIHOTO
Bb34eNCTBMETO OT LWetute oOT
3bpHOAAMUTE, KaTo npu  Apyru
pacTeHnss Bcska 3aryba Ha
KOoTunegoHa 3HaunuTeNnnHoO Hamass-
Ba Ternoto Ha noHvyute. BepoAT-
HO Ha TOBa Ce Ab/DKA U pas/ing-
HaTa peakuMs Ha npoy4yBaHuUTe
COpTOBE rpax KbM HanageHneTto
OT 3bpPHOAAA.

B nopgkpena Ha ropenssnoxe-
HOTO ca W pe3yntatute OTHOCHO
WHAEKCHT Ha XXM3HEHOCT U UHAEK-

length and weight of plumule to
other varieties was the most
affected by the damages and with
reduced sowing characteristics of
seeds.

Mateus et al. (2011) found that the
mean weight and mean length of
primary radicle and plumule were
significantly greater than these of
damaged seeds by Bruchus
pisorum.

At the same time comparing the
two types (2 and 3) of seeds did
not show significant differences
between them in regard to seed
germination and seedling vigor. A
similar tendency was also
observed in the present study
(Glyans variety was an exception)
as there was significant decrease
in the length of primary radicle and
plumule between seeds from type
2 and type 3.

According to Bonal et al. (2007)
and Mack (1998) in some plants,
part of the cotyledon may serve to
buffer the negative impact of
bruchid damage whereas any loss
of cotyledon tissue in other plants
greatly reduces seedling mass.

Probably this was the reason for
different reaction of studied
varieties to pea weevil attack.

In support of the above were
the results regarding vigor index
and germination index. Pleven 4
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CbT Ha KbsHAemocT. [lneBeH 4
MMa BUCOK WHAEKC Ha XW3HEHOCT
Ha 34paBM CcemMeHa, HO npwu
nospega OT rpaxoB 3bpHOAL He
MOXe [da  npeojosiee  WUU
KOMMNeHcnpa HeraTtuBHUTE MocC/ie-
Avun OT To3u Henpusaten. Toi ce
OoT/IM4aBa M C HaW-HUCHK WHAOEKC
Ha Kb/IHAEMOCT Mpu TpuTe Tuna
cemeHa. 3a pas3/iMka OT Hero
['NaHC, HEe3aBUCUMO OT MO-HUCKUA
NHOEKC Ha XW3HEHOCT, Npeoaons-
Ba BpegHWTE nocneguun ot
BpejaTta Ha 3bpHOs4a M uma no-
CTabuiHM No3nuuM 1N  NO-BUCOK
NHOEKC Ha >XM3HEHOCT W KbllHAe-
MOCT Mpu noBpefeHuUTe TUnose
CemMeHa crnpsmo ApyrnTe cCOpToBe.
HesaBucmmo OT copToBeTe
noBpeauTe OT rpaxoBuUs 3bPHOAL,
ca CBbp3aHM C HamansBaHe Ha
Kb/IHAEMOCTTa U XWU3HEHOCTTa Ha
cemMeHatTa U Bb3MOXHOCTTa 3a
6BbP30 M eJHOBPEMEHHO MOHKKBA-
He u passuTue. lloBpepeHUTe C
npo3opye OT MMarnHupan napasu-
Tong cemeHa (Tun 2) ocurypssart
no-gobpa Bb3MOXHOCT 3a pacTex
N pasBuTMe, LOKATO NoBpeneHuTe
C npos3opye OT uUMarnHupan
3bpHOAL CemMeHa ca C JokasaHa
HUCKA KbJ/IHAEMOCT, XWU3HEHOCT U
NnoceBHU KayecTBa. Te3n cemeHa
He moraT fa OCuUrypsaTt cb3gasaHe-
TO Ha p[obpe rapHupaH MoceB U
cTabunHn pobmBn. Kato Haii-
TO/lepaHTeH KbM MoBpeauTe OT
Bruchus pisorum ce otnnyaBsa copt
"NsHC, KONTO MOXEe Aa ce M3Mnon3sa
KaTo W3TOYHMK Ha 3apoauiiHa
nnasa 3a TO/IePaHTHOCT KbM TO3U
HenpusaTen nNpu cenekumsTa.

variety had a high vigor index of
healthy seeds but at damage by
pea weevil it could not overcome
or compensate the negative
consequences.

It was distinguished and with the
lowest germination index in regard
to three types of seeds. As
opposed to it Glyans variety
(independently of lower vigor index
of healthy seeds) overcame the
detrimental effects from bruchid
damage and had higher vigor
index and germination index in
damaged seeds to other varieties.

Irrespective of varieties the
damage by pea weevil was related
to reduction of germination and
vigor of seeds and the possibility
for fast and simultaneously
emergence and development. The
damaged seeds with parasitoid
emergence hole (type 2) had
better potential for growth and
development whereas the
damaged seeds with bruchid
emergence hole had significantly
low germination, vigor and sowing
characteristics.

These seeds could not provide the
establishment of well-garnished
stand and stable yields. As the
most tolerant to damage by
Bruchus pisorum was
distinguished Glyans variety which
can be used as a germplasm
source for selection.
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N3BO4AN

Pesyntat oT Bpepara Ha
Bruchus pisorum npu cemeHa c
napasutiupaHa napsa e fokasHaHo
HamasiiBaHe Ha Kb/IHAeMOoCTTa
cpefHo ¢ 16.4%™", gbmkuHaTa 1
TEr0TO Ha MbPBUYHUA KOPEH C
16.8 u 245%, pAvnxuHata w
TErnoTo Ha KbfiHa ¢ 12.3 n 14.1%,
NHOEKCA Ha XXN3HEHOCT Ha MbpPBUY-
HNA KOpeH U Kb/H ¢ 32.5 n 32.8%,
KaKTO M MHAEKCHT Ha Kb/IHAEMOCT
CbC 17.4%. VHxmnbnpawmaT edpekr
e cpegHo 17.8%.

CobLecTBeHu AoKasaHu
MPOMEHN MO  OTHOLIEeHMEe Ha
npoy4ysBaHUTe  nokasatesnm  ce

ycTaHOBABaT Mpu MNOBpPefeHuTe C
npo3opye OT MMarnHupas 3bPHOAL,
CeMeHa, Npuv KOUTO KbJ/IHAEMOCTTa
Hamansea ¢ 58.3% ™ eguHuuw,
Ab/pKMHaTa U TernoTo Ha NbpBuY-
HMA kKopeH c 341 wu 36.2%,
Ab/DKMHAaTa U TErnoTo Ha KbfiHa C
31.8 wn 34.3%, wvHOekca Ha
XWN3HEHOCT Ha MbPBUYHUA KOPEH Y
Kb/iIH ¢ 81.1 n 82.1%, Kakto u
WHOEKCHT Ha KbJ/IHAEMOCT CbC
83.1%. WHxubupawuatr edekt e
cpepHo 58.3%.

[MoBpegeHUTe C npo3opye oT
nMarvHMpan napasvtoug cemeHa
(tun  2) ocurypsieaT no-go6bpa
Bb3MOXHOCT 3a pacTex Wn passu-
TMe Ha pacTeHuATa KU mMorat ga
OCUTYPAT Cb3haBaHeTo Ha fobpe

rapHMpaH noceB W CTabuHK
[oo6usn.
Kato TO/IepaHTeH KbM

nospegute ot Bruchus pisorum ce
oyepTaBa CopT [NSAHC, NPU KOWTO
CTOMHOCTUTE Ha nokasaresnuTe,

CONCLUSIONS

Result of damage by Bruchus
pisorum in seeds with parasitized
larva was significant decrease of
the germination by 16.4%
percentage points, the length and
weight of primary radicle by 16.8
and 24.5%, the length and weight
of plumule by 12.3 and 14.1%, the
vigor index of primary radicle and
plumule by 32.5 and 32.8% as well
as the germination index by 17.4%.
The inhibitory effect was on
average 17.8%.

Essential significant changes
in regard to the studied parameters
were found for damaged seeds
with bruchid emergence hole. In
these seeds the germination
decrease by 58.3% percentage
points, the length and weight of
primary radicle by 34.1 and 36.2%,
the length and weight of plumule
by 31.8 and 34.3%, the vigor index
of primary radicle and plumule by
81.1 and 82.1% as well as the
germination index by 83.1%. The
inhibitory effect was on average
58.3%.

The damaged seeds with
parasitoid emergence hole (type 2)
provided better possibility for
growth and development of plants.
These seeds could provide the
establishment of well-garnished
stand and stable yields.

As the most tolerant to
damage by Bruchus pisorum was
distinguished Glyans variety for
which the values of parameters
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CBbp3aHM C KbfHAemocTTa U | related to germination and vigor of
XWM3HEHOCTTa Ha ceMeHaTta ce |seeds were influenced in the
noBNusaBaT B Hal-HUCKa cTeneH oT | lowest degree from damage unlike
Bpefarta 3a pas/simka OT 4ycTBu- | the sensitive Pleven 4 variety.
TenHua copt lneBeH 4.
YcTaHOBEHO €, 4e [AOMWHU- It was found that the
paw, doaktop, BAusiew, BbPXY | dominant factor influencing
Kb/IHAemata  Cnoco6HoCT Ha | germination ability of seeds for all
cemMeHaTa npu BCUYKM aHanuaupa- | analyzed parameters was the type
HMW nokasatenm e TunbT Ha | of seeds compared to varietals
cemMeHata B  CpaBHeHMe  C | appurtenance.
coproBara npuHag/1eXHocCT.
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PE3HOME

LlenTa Ha HacToswarta pa3paboTtka
e fa ce npoyun edhekta OT TPETUPAHETO C
HSKOW  Xepouuuan n xepouungHn cMecu
BbpXy MPOAYKTMBHOCTTA Ha fABa copTta
0OUKHOBEHa MLIEeHMUA, KakTo n onpege-
NHE  Ha  TEXHONIOTUYHO  Hal-LeHHuTe
BapuaHTM Nno OTHOLWeHue cTabuHocTTa
Ha pob6uswute. MONCKOTO u3cnegBaHe e
NnpoBefeHO B ONWTHOTO MNoJie Ha ArpapeH
akynTteT, Tpakuicku yHuBepcuTeT, rp.
Crapa 3aropa npe3 2012-2014r. N3cnep-
BaHM ca ABa (haktopa: (haktop A — aga
copTa 06uMKHOBeHa nweHuua EHona wu
Mnwuko; thaktop B — xepbuungnte Akcuan
efHo, Akcmnan 050 EC, Tpakcoc 045 EC,
NorpaH 20 BI' v JinHtyp 70 BI', KakTo U
TEXHU CMEeCK. YCTaHOBEHU ca napameTpu-
Te Ha CcTabwunHOCT Ha NpPUIOXKEHUTE
xepouunaHn kombuHaumMm Ha [obuB Ha
3bpHO nNpu coptoBeTe EHona m Wnuko.
O6o6wWaBawmaT kputepuin 3a crabun-
HOCT, OTYWTalKW  €JHOBPEMEHHO U
CTabunHOCTTa U CTOMHOCTTa Ha AobuBa
npu EHONa, paBa BMCOKa OLEHKa Ha
TpeTvpaHeTo C pe3epBoapHa CMec
Nivutyp + Akcuan (3+) u JlorpaH +
Tpakcoc (1+). Mpu copT Vnnko TexHono-

SUMMARY

The purpose of this paper is to
study the effect of treatment with certain
herbicides and herbicide mixtures on the
productivity of two varieties of common
wheat, and determine the most
technologically valuable options regarding
the stability of yields. Field experience is
displayed in the experimental field of
Agricultural Faculty, Trakia University,
Stara Zagora in 2012-2014. The following
factors are examined: factor A — two
varieties of common wheat: Enola and
lllico; factor B — Herbicide: Axial one
(pinoxaden + florasulam) — 1000; Axial
050 EC (pinoxaden) — 900 ml/ha; Traksos

045 EC (pinoxaden + clodinafop) — 1200
ml/ha; Logran 20 WG (triasulfuron) — 37.5
g/ha; Lintur 70 WG (triasulfuron +

dicamba) — 150 g/ha. Set the parameters
of the stability of the applied herbicide
combinations of grain yield varieties in
Enola and lllico. Summary criterion for
stability, taking into account both the
stability and the value of production in
Enola, praised the treatment tank mixture
Lintur+Axial (3+) and Logran+Traksos

478



TMYHO Hai-LeHeH ce siBsiBa BapuaHTbT C
yyactne Ha xepouumamte JIMHTYp+Tpakcoc
(pesepBoapHa cmec) (21+).

KnwoyoBn  gymu:  06MKHOBEHa
nweHuua, xepbuunamn, Aobus, Kputepuii
3a cTabusiHocT

yYBO/
Bce no-ronsgmo 3HayeHue
npugobvBa  BHeApsBaHETO  Ha

copToBe OOMKHOBEHa MwWeHuua C
BMCOKa NPOAYKTUBHOCT M afanTuB-
HOCT KbM YC/IOBMATa Ha cpepgara.
3a peanusMpaHe Ha reHeTU4HUTe
Bb3MOXHOCTWU Ha [JafeH Ccopr,
B&XHO € TOW fa ce oTrnexgja B
NOAXOAAWNAT  paioH, KaTto ce
CbyeTasAT MOYBEHN U KIUMATUYHU
YC/I0BUA C OMTMMasiHa arpoTexHu-
ka Ha oTrnexgaHe. [lMpaBunHata
copToBa CTPyKTypa B 3aBUCUMOCT
OT KOHKpeTHWUTE arpoeKkosIormyHu
YCNOBMSI Ha palioHa Moxe jaa
MOBULLN 3HAYUTENIHO [06UBUTE U
KauyecTBOTO Ha  npopgykumarta(
Cenov et al., 2009; llieva, 2011).
Heobxoanmo e pa ce npoyyar
NPOAYKTUBHUTE BB3MOXHOCTU Ha
COpTOBETE B pPas/IMYHUTE arpoeko-
nornyHn parion (Penchev and
Stoeva, 2004).

Bopb6ata ¢ nneeBenute e
OCHOBEH efleMeHT OT KOMI/iekca
arpoTexHN4eckm MepOonpuUATHS.
Xepbuumante ca OCHOBHUAT hak-
TOP B CbBPEMEHHUTE MHTErpUpaHn
TEXHOJI0rMM 3a KOHTPOJ Ha niese-
nute. [llonyyaBaHETO Ha BUCOKK
[06MBKN OT 3eMefeniCKUTe KynTypu
e HeMncnumo 6e3 TaxHaTa ynotpe-
6a (Chokar et al., 2007; Delye et
al.,, 2011; Dospatliev, 2012;
Delchev, 2012).

(1+). In variety lllico most technologically
valuable is a variant involving herbicides
Lintur + Traksos (tank mix) (21+).

Key words: common wheat,
herbicides, yield, criterion for stability

INTRODUCTION

Ever more becomes
important to the implementation of
common wheat varieties with high
productivity and adaptability to
environmental conditions. For the
realization of the genetic potential
of a variety, it is important to be

grown in suitable areas by
combining soil and climatic
conditions with optimal
agrotechnics cultivation. Proper

varietal structure depending on the
specific agro-ecological conditions
of the region can significantly
increase yields and quality of
production (Cenov et al. 2009;
llieva 2011). It is necessary to
examine the productive capacity of
varieties in different  agro-
ecological regions (Penchev and
Stoeva, 2004).

Weed control is an essential
element of the complex agronomic
techniques. Herbicides are the
primary factor in modern integrated
technologies for weed control.

Obtaining high yields of agricultural
crops is impossible without their
use (Chokar et al., 2007; Delye et
al.,, 2011; Dospatliev, 2012;
Delchev, 2012).
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Cnopeg Campagna and
Rueegg (2006) xeponumasT
AKkcuan  ycrnewHo  KOHTposipa
XUTHUTE nNNeBenn v nposiBaBa
fobpa  CefleKTMBHOCT  CNpPSAMO
06MKHOBEHaTa 1 TBbpAa NnueHuua.

LlenTa Ha HacToAwata pas-
paboTka e ga ce npoyuu edoekra
OT TPETUPaHETO C HAKOU Xepbuun-
AN 1 XepbuumaHu CMecu BbpPXYy
NPOAYKTMBHOCTTA Ha [JBa copTa

OOMKHOBEHA MLIEeHMUa, KaKTo W
onpegensiHe Ha  TEXHONOTMMYHO
Hal-LeHHUTe BapmaHTu no
OTHOLLUEHMEe  CcTabunHoCcTTa  Ha
noobusuTe.

MATEPVANT N METOON

MonckuAT onuTt e u3BeneH B
ONUTHOTO none Ha  ArpapeH
hakyntet, Tpakuiickn yHUBEpPCU-
TeT. loyBeHUAT TN e nnBagHo-
KaHefneHa noysa, Xapakrepusupa-
a ce C MOLLEH XyMYCEH XOpu-
30HT. [NoyBaTta e cpefHO 3anaceHa
C MuHepasieH as3otr - 33.20
mg/1000g; cnabo 3anaceHa ¢
docdhop — 3.90 mg/1000g u e
[obpe 3anaceHa ¢ kanuii — 44.00
mg/1000g e ycTaHOBW/1 aHa/IN3 Ha
cnosa 0-30 cm. O6eKkT Ha uscneg-
BaHe ca [fgBa copTa O0O6UKHOBEHa
nweHnya EHona n nuko. Mpn 1ax
€ NPOYyYeHOo B/IUSHUETO Ha TpeTu-
paHeTo C HAKOM Xepouunan u
XepouungHn cMecu BbPXY NPOAYK-
TMBHOCTTa WuM. [lpeactaBeHa e
cxemara, Mno KOATO e u3BefeHo
MOJICKOTO nU3cneaBaHe.

MpoyyeHn ca pgBa dhakropa:
haktop A - gBa  copTta
0O6MKHOBEHa nweHuua: EHona -

According Campagna and
Rueegg (2006) herbicide Axial
successfully control grasses and
show good selectivity for common
and durum wheat.

The purpose of this paper is
to study the effect of treatment with
certain herbicides and herbicide
mixtures on the productivity of two
varieties of common wheat, and
determine the most technologically
valuable options regarding the
stability of yields.

MATERIAL AND METHODS

Field experience is displayed
in the experimental field of
Agricultural Faculty, Trakia
University, Stara Zagora, Bulgaria.
The soil type is typical meadow-
cinnamon soil, characterized by
strong humus horizon. Soll is the
average stock of mineral nitrogen —
33.20 mg/1000g; weak stocks
phosphorus — 3.90 mg/1000g and
is well stocked with potassium —
44.00 mg/1000g established
analysis of the layer 0-30 cm.
Object of study are two varieties of
common wheat Enola and lllco.
They studied the effect of
treatment with some herbicides
and herbicide mixtures on their
productivity. A scheme under
which alleges field study is
presented.

The following factors are
examined: factor A — two varieties
of common wheat: Enola -
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6barapckn copt M WNnmko — ot
coptoBata nucta Ha CUHIOXEHTa;
haktop B — xepbuumgn Akcuan
efHO (pinoxaden + florasulam) —
1000ml/ha; Akcman 050 EC
(pinoxaden) — 900 ml/ha; Tpakcoc
045 EC (pinoxaden + clodinafop) —
1200 ml/ha; NorpaH 20 WG
(triasulfuron) — 37.5 g/ha; Nnntyp
70 WG (triasulfuron + dicamba) —
150 g/ha. BapuaHtTMTEe Ha
n3cnefBaHeTo ca cnegHuTte:
1. KoHTpona — 6e3 TpeTupaHe;
2. Axial one — 1000 ml/ha;
3. JlnHtyp+Tpakcoc 150 g/ha +
1200 ml/ha — pe3epBoapHa cmec;
4. JlorpaH+Tpakcoc 37.5 g/ha +
1200 ml/ha — pe3epBoapHa cmec;
5. Jinntyp+Akcunan 150 g/ha + 900
ml/ha - pe3epBoapHa cMmec;
6. NorpaH+Akcuan 37.5 g/ha + 900
ml/ha - pe3epBoapHa cMmec;
7. Nuntyp+Akcnan 150 g/ha + 600
ml/ha — pa3genHo TpeTupaxe;
8.J/lnHtyp+Tpakcoc 150 g/ha +
1200 ml/ha - pa3genHo TpeTupaHe;
9. NNorpaH+Akcuan 37.5 g.ha + 600
ml/ha — pa3genHo TpeTupaHe;
10.lorpaH+Tpakcoc 37.5 g/ha +
1200 ml/ha — pa3genHo TpeTupaHe.
BHacaHeTO Ha pe3epBoapHa
CMec O3HauyaBa, 4e pas3TBOPbT Ha
pacTUTesIHo3alMTHUTE NpenapaTn e
NMPUroTBEH 3aefdHo, T.e. xepbuynan-
Te ca pa3TBOPEHW B €AUH CbA U
TPETMPaHETO € WN3BbPLUEHO eAHOB-
pemeHHo. [Mpu pasgenHoto TpeTtu-
paHe kaTo NpbB Xepbuuna e BHeceH
NorpaH wnn cboTBeTHO JIMHTYpP, a
cnep efHa cegmuua e TpeTupaHo ¢
apyrvat npenapat (Tpakcoc u Akcu-
an), KakTo e 3a/10KEeHO N0 MeToAMKa.

Bulgarian and lllico of Syngenta;
factor B — Herbicide: Axial one
(pinoxaden + florasulam) — 1000
mi/ha; Axial 050 EC (pinoxaden) -
900 mil/ha; Traksos 045 EC
(pinoxaden + clodinafop) — 1200
ml/ha; Logran 20 WG
(triasulfuron)— 37.5 g/ha; Lintur 70
WG (triasulfuron + dicamba) — 150

g/ha.

Variants of the experience are the
following:

1. Control — no treatment with
herbicides;

2. Axial one — 1000 ml/ha;

3. Lintur + Traksos 150 g/ha +

1200 ml/ha — tank mixture;

4. Logran + Traksos 37.5 g/ha +

1200 ml/ha — tank mixture;

5. Lintur + Axial 150 g/ha + 900

ml/ha — tank mixture;

6. Logran + Axial 37.5 g/ha + 900

ml/ha — tank mixture;

7. Lintur + Axial 150 g/ha + 600

ml/ha — separate treatment;

8. Lintur + Traksos 150 g/ha +

1200 mi/ha — separate treatment;

9. Logran + Axial 37.5 g/ha + 600

ml/ha — separate treatment.

10. Logran + Traksos 37.5 g/ha +

1200 mi/ha — separate treatment.
By a methodology tank mix

means that the solution of the two

products is prepared together.

Herbicides are dissolved in one

court and the treatment is conducted

simultaneously. In separate

treatment as first herbicide is paid

Logran or Lintur respectively, and

after a week was treated with
another medicine (Traksos and
Axial).
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PE3YNTATU N OBCbXXOAHE
[MokasaTenute, KOUTO Xapak-
TepusmpaT Hah-gobpe kKaMmaTuu-
HUTE YCNnoBusA npe3 nepuopa Ha
BeretauuaTa Ha nuweHuyarta ca
cpefHaTa AeHOoHoWHa Temnepary-
pa n 6anaHca Ha aTMoc(epHOTO
OB/laXHeHNe. AHaNIM3BbT Ha AaHHK-
Te nokasBa, 4Ye CTOMHOCTUTE Ha
TemnepaTtypute He ca C ronemmu
OTK/IOHEHUSA OT cpefHuTe usmepe-
HW 3a Abnbr nepuog (dur. 1). Ha
cnepfBawiata guarpama ce Bmxaa
KOJIMYECTBOTO U pasnpefeneHneTo
Ha BanexuTe npes BeretayuMoHHUA
nepnos Ha nuweHuuara. [llpes
ctonaHckata roamHa 2012-2013
KO/IMYECTBOTO Ha BaslexuTte npes
doeBpyapu, mMapT 1 anpun e easa
60 munnmeTpa, AoKaTo npe3 mapTt
2014 ca peructpupaHn 134 munun-
meTpa (dur. 2). OT guarpamaTta ce

RESULTS AND DISCUSSION
Indicators that characterize
the best climatic conditions during
the growing season for wheat are
the average diurnal temperature
and atmospheric humidity balance.
Data analysis shows that the
values of temperatures do not
have large deviations from the
average measured over a long
period (Fig. 1).

The next chart shows the amount
and distribution of rainfall during
the growing period of wheat.

For the business year 2012-2013
precipitation in February, March
and April is only 60 mm, while in
March 2014 recorded 134 mm
(Fig. 2).

The diagram shows how unevenly

BXAA KOMKO HepaBHOMepHO ca | distributed rainfall during the
pasnpefeneHn Basexute npes | growing season of the crop.
BeretayuaTa Ha Kyntypara.
40-
3192 3
2011/2012 m Wy \;2 3
m 2012/2013
B2013/2014
W 2006-2013
dun

r. 1. JuHaMuKa Ha cpeHO OHEBHUTe TeMnepaTypu Mo roAvHU U Meceum 3a nepuoga

2011-2014r.

Fig. 1. Dynamics of average daily air temperatures in years and months, 2011-2014
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=2011/2012
2012/2013

- O2013/2014
W 2006-2013

dur.
nepuog Ha nweHunyara, 2011-2014.

2. KonnuyecTBO W pasnpefenieHne Ha Baslexute npe3 BeretauyMoHHUS

Fig. 2. Quantity and distribution of precipitation during the growing period of

common wheat, 2011-2014

B Tabnunua 1 ca npepacrase-
HW pe3ynTatuTe OT B/USIHUETO Ha
xepouumante u  xepbuuynaHute
CMecu BbpXy AobuBa Ha 3bPHO.
Mpe3 BTOpaTa roguHa oT MOJICKUS
onnT ca perncTpupaHn rno-BUCOKU
[o6vBn 1 npu asata copTa. Haii-
[06pu pesyntatu ca nosy4veH npu
BapuaHTuTe 3 1 4, Npn KOUTO xep-
6uumanTe ca BHECEHU KaTo pesep-
BoapHa cmec. CpefiHO 3a nepuoja
Ha npoyyBaHe YyBe/IMYEeHNEeTo Ha
poouBa e 40% un 33% cnpsamo
KOHTponata. Hai-BMCOK NOM0Xn-
TeneH edekt (67.1%), cnpsmo
KOHTPO/IHUSA BapuaHT, e oTbenssa-
HO MpW NpbCKaHe C pe3epBoapHa-
Ta cmec Tpakcoc + JlorpaH npes
BTOpata onutHa roguHa. [lpu
BCUYKN BapuaHTh e peructpupaH
3a/l0Bo/iMTesNIeH  edhekT cnpsmo

HeTpeTnpaHaTta KOHTPOJ/Ia, KaTto pas-
NNKNTE Ca CTaTUCTUYEeCKN AOoKa3aHW.

Table 1 presents the results
of the influence of herbicides and
herbicide mixtures on grain yield.
In the second year of the field
experience  registered  higher
yields in both varieties.

Best results are obtained in
variants 3 and 4, where herbicides
are imported as a tank mix.
Average over the period of study,
the increase in yield is 40 % and
33 % of the control.

The highest positive effect (67.1
%) compared to the control
variant, noted in spray tank mix
Traksos + Logran in the second
experimental year. All options
registered a satisfactory effect on
the untreated control, the
differences are be statistically
proven.
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Tabnuua 1. AGCONMOTEH U OTHOCUTENEH J06MB 3bPHO, kg/ha
Table 1. Absolute and relative yields of grain, kg/ha

Coprose  BapuaHTy 2012 2013 2014 ~ CPeAHo/Average
Variety  Variants 2012-2014
kg/ha % kglha % kgha % kg/ha %
1 2281 100 5231 100 3650 100 3720 100
2 2823 124 6618 127 4869 133 4770 128
3 3180 139 7570 145 4058 111 4935 133
© 4 2689 118 8741 167 4199 115 5210 140
° 5 3138 138 6185 118 4279 117 4534 122
] 6 2549 112 6725 129 4140 113 4471 120
7 2708 119 6685 128 4160 114 4517 121
8 3281 144 5769 110 4762 130 4604 124
9 2561 112 5915 113 4480 123 4318 116
10 2922 89 5536 106 4979 136 4479 120
Average Enola 2813 - 6497 - 5973 - 4556 -
1 3033 100 7111 100 5680 100 5274 100
2 4280 141 7744 109 5949 105 5991 114
3 4766 157 7912 111 6149 108 6276 119
4 4922 162 7474 105 5100 90 5832 111
8 5 4500 148 7521 106 6000 106 6007 114
= 6 4430 146 7573 106 6010 106 6004 114
7 5391 178 7690 108 6390 113 6490 123
8 4983 164 7158 101 6069 107 6070 115
9 5391 178 7243 102 6230 110 6288 119
10 4779 158 7248 102 6150 108 6059 115
Average lllico 4647 - 7467 - 5973 - 6029 -

HCP/LSD, kg/ha:

FA p<5%=81,3 p<1%=107,5
F.B p<5%=66,4 p<1%=87,8

F.C p<5%=148,4 p<1%=196,2
AXB p<5%=115,0 p<1%=152,0
AXC p<5%=257,1 p<1%=339,9
BxC p<5%=209,9 p<1%=277,5
AXBXC  p<5%=363,6 p<1%=480,6

p<0,1%=138,6
p<0,1%=113,1
p<0,1%=253,0
p<0,1%=195,9
p<0,1%=438,1
p<0,1%=357,7
p<0,1%=619,6

AncnepcrMoHeH aHann3 Ha
nonlyyeHnTe pesyntaTu ycTaHoOBSI-
Ba CTEMNeHTa Ha B/NSIHME Ha TpuUTe
dhakTopa: rogunHa, copT, xepbuun-
An. AHanM3bT Nokasea,ue roanHu-
Te oOKasBaT Hal-CUHO BNSAHUE

Analysis of variance of the
results determines the extent of
influence of three factors: a year
variety herbicides (Table 2). The
analysis shows that the years
have the greatest impact on yield -

BbpXxy gobmea — 65.5 % (Tabnuuya | 65.5 %. It is conditioned by
2). To e 06ycnoBeHO OT HeefHak- | unequal response variants to
Bara peakumsa Ha BapuaHTuUTe KbM | changes in environmental

npoMsHaTta B YC/oBusiTa Ha
cpegata. lMpuumHa 3a TOBa ca

conditions. The reason for the
large differences in  weather
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rofieMmTe pasninynsa B MeTeoposio-
TMYHUTE YC/IOBUA Npe3 roguHute
Ha npoy4ysaHeTO. BanaHneTto Ha
coptoBeTe e 20.2 %, a BNUAHNETO
Ha xep6buunmgn e epgsa 3.1 %.
Hanuue e B3aumogeicteBme Ha
COpTOBETE C yC/ioBMATa Ha roam-
HuTe (A x B) — 1.3 %. Komnnekc-
HOTO B/IMSAHME Ha TpuTe (pakTopa
e 2.7 %. To e pokasaHo npwu
pasnukun p<S %.

conditions during the vyears of
study.

The influence of varieties is 20.2
% and the influence of herbicides
is only 3.1 %. There is an
interaction of varieties with the
terms of years (A x B) — 1.3 %.
Includes all three factors is 2.7 %.
It has been shown in differences
r<5 %.

Tabnuua 2. ncnepcnoHeH aHanin3 Ha Jo6mea OT 3bPHO
Table 2. Analysis of variance of grain yield

CTeneHn Ha Cyma ot BnuaHne Ha CpepgHu
V3TOYHMK Ha BapupaHe
Source of variation cBobopa/Degrees KBazpatu paktopa/Influence  kBagpatu
of freedom Sum of squares of factor, % Mean squares
Total 179 4,8 100 -
Tract of land 2 31744 0,6 15872,0
Variants 59 4,7 98,2 8085704,0%**
Factor A - Years 2 3,1 65,5 3152,2***
Factor B — wheat variety 1 9,7 20,2 1931,7***
Factor C - herbicides 9 15 3,1 1681237,0***
AxB 2 6056448 1,3 3028224,0**
AxC 18 2,0 4,2 1132089,0***
BxC 9 5953024 1,2 661447,1**
AxBxC 18 1,3 2,7 728149,3***
Pooled error 118 5966336 1,2 50562,2
*p<5% **n<1% ***n<0,1%

YcTaHoBeHN ca napameTpu-
Te Ha CTabW/IHOCT Ha NPUIOXEHN-
Te XepouumaHu KomMOuHaumm Ha
[06MB Ha 3bpPHO NpU copToBeTe
EHona n Mnuko. BapuaHcute 3a
ctabunHocTt (07 n S no Shukla)
oTunTaT SIMHENHUTE N HENUHENHU
B3aUMOAENCTBUSA, onpefenat u
CTabunHOCTTa Ha BapuaHTuTe.
Mo-cTabunHm ca Te3n BapuaHTy,
KOUTO ca C MO-HUCKN CTOMHOCTMU,
3auoTo Te no-cnabo B3auMo-
felictear ¢ ycnosusTa Ha cpeja.
OTpuuaTeniHATe  CTOMHOCTM  ce
npuemat 3a 0. lNpn ekoBaneHca

Set the parameters of the
stability of the applied herbicide
combinations of grain yield
varieties in Enola and lllico.
Variance stability (ci* and Si* by
Shukla) reported linear and
nonlinear interactions determine
the stability of the options. More
stable are those variants that have
lower values because they
interfere less with the conditions of
the environment.

Negative values are considered 0.
Ekovalensa in Wi Wricke, things
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W, no Wricke, Hewara CTOAT no
CbLMS HAYWUH, T.e. KOJSIKOTO Mo-
BMCOKM ca CTOMHOCTUTE Ha napa-
MeTbpa,TO/IKOBa No-HecTabuseH e
faneHns sapuaHT. Crnopes 0606-
LiaBalmAT KpUTepuii 3a crabun-
HOCT YSi Ha Kang, KouTO oTuuTa
e[lHOBPEMEHHO N cTabusiHocTTa "
CTOMHOCTTa Ha gobuBa C yyacTtue
Ha xepbuuynante JIMHTYp +AKcHnan
(3+) n JlorpaH + Tpakcoc (1+),
BHECEHM KaTO pe3epBoapHa CMec,
npn EHona (Tabnuua 3). [Mpu
NNMKO TEeXHONOrMYHO Ha-LeHHM
ce ABABAT BapuaHTUTe C BHECEHU
KaTto pesepBoapHa cmec JINHTYp +
Tpakcoc (21+) n JluHTyp +AKcuan
(18).

are the same, ie the higher the
values of the parameter, the more
unstable it is a variant.

According Synthesis criterion for
stability YSi of Kang, which
recognizes both the stability and
value of production with the
participation of herbicides Lintur +
Axial (3+) and Logran Traksos +
(1+) imported as a tank mix in
Enola (Table 3).

When llico most technologically
valuable appear variants
introduced as a tank mix Lintur +
Traksos (21+) and Lintur + Axial
(18+).

Ta6nuua 3. NMapameTpu Ha CTA6UIHOCT Ha AIOGUB 3bPHO MO OTHOLLEHWE HA TOAMHUTE

Table 3. Parameters of the stability of the variants for grain yield in terms of years

CopTt BapunaHT - 2 2
Varizty VzEriant Oi Si Wi YSi
1 3720 27189,7 -23193,4 152767,2 -2
2 4770  314471,2** 271189,8* 669873,9 -3
3 4935 2428953,0** 2451000,0** 4475940,0 -2
o 4 5210 8416055,0** 2934236,0** 52527,0 1
re 5 4534 17971,5 57186,7 136174,5 3
ch 6 4471  754446,4** 105577,7 1461829,0 -8
7 4517 510592,1** 168404,9 1022892,0 -6
8 4604  588890,1** 272176,3* 1163828,0 -4
9 4318 160292,4* 395160,2**  392352,1 -5
10 4479 1270559,0** 1777949,0** 2390831,0 -71
1 5274 1219715,0** 1560024,0** 2299313,0 2
2 5991 -1934,9 10980,5 100324,8 16+
3 6276 -47912,5 -33458,9 17583,3 21+
4 5832 1264396,0** 1953211,0** 2379738,0 7+
.8 5 6007 24098,3 28984,3 147202,7 18+
= 6 6004 -3000,3 49573,0 98425,1 17+
7 6490 702857,4** -32996,6 1368969,0 15+
8 6070 952773,9** 2393,8 1818819,0 12+
9 6288 1589837,0** -32397,6 2965532,0 14+
10 6059 574907,1** 142275,6 1138659,0 11+
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n3BOAMN

B pesyntat Ha npoBefeHus
MOJICKM eKCNepuMeHT Morat pa
6bgar  060CHOBaHW  cnegHuTe
OCHOBHW N3BOAMN:
> O606LwaBalmaT KpuTepuii

3a CTabWMIHOCT, OTYMTalKN efHOB-
PEMEHHO M CTabusiHOCTTa U CTOM-
HOoCTTa Ha pgobusa npu EHoONa,

CONCLUSIONS
As a result of field experiment

can be justified following
conclusions:
> Summary  criterion for

stability, taking into account both
the stability and the value of
production in Enola, praised the

[laBa BMCOKA OLIEHKa Ha TpeTupa- | treatment tank mixture Lintur +

HeTO C pe3sepBoapHa cmec | Axial (3+) and Logran Traksos +
NnHtyp+ Akcuan (3+) u JlorpaH + | (1+)

Tpakcoc (1+)

> Mpwn copt Wnuko | » In  variety Illico most
TEXHO/MIOTMYHO  Hali-ueHeH  ce | technologically valuable is a
ABABa BapuaHTbT C yyacTme Ha | variant involving herbicides Lintur
xepouunguTe NnHtyp+Tpakcoc | + Traksos (tank mix) (21+).

(pe3epBoapHa cmec) (21+).
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