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PE3IOME

MONCKNAT eKcnepumMeHT e usBefeH
npe3 nepuoga 2011-2013 r. ¢ nponeTeH
dypaxeH rpax (Pisum sativum L.) copT
.Kepno“. Llenta e ga ce ycrtaHoBu BNus-
HMETO Ha TeXHOJIoTUTE NPW OTrIeXaaHe
Ha NposieTeH hypaxeH rpax Bbpxy A06u-
Ba Ha hypax 1 cypos nNpoTevH. BapnaHTu
Ha oTriexpgaHe: 1 KOHTposa — Mo CTaH-
JapTHa TeXHOMNOrA BK/IOYBaLLa TOPEHE U
TpeTvpaHe ¢ xepbuuman v NUHCEKTULMAMN;
2 — 6e3 u3nonseaHe Ha npenapatn ot
HeopraHuyeH npousxos (buonoruyen); 3 —
TpeTvpaHe camM0O C OMO UWHCeKTMuug,
(,Exothun P") OoT opraHuyeH Npou3Xop.
YCTaHOBEHO €, Ye MPUIoKEHUTe pasnuy-
H/W  TEXHOMOTMM oOKasBaT CbLUECTBEHO
B/IUSAHNE BBbPXY W3MEHEHWETO Ha HAKOU
KO/IMYEeCTBEHU MoKasaTenn Ha NpPoAyKTUB-
HocTTa. Jlo6umBuTe Ha cyxa ypaxkHa
mMaca npv 6MOIOTMYHNA HAUMH Ha OTI/IexX-
JaHe Ha rpaxa W npu TpeTupaHe c
-Ekocun P” ca ot 15,33% pno 20,15% un
Ha cypoB npoTeuH ot 14,13% po 16,06%

Accepted: 25.04.2019

58

Published: 17.06.2019

SUMMARY

The field experiment was
conducted in the period 2011-2013 with
spring forage pea (Pisum sativum L.) cv.
"Kerpo". The aim is to establish the
Influence of technology on the cultivation
of spring forage pea on the yield of forage
and crude protein. Variants of cultivation:
1 control by standard technology
including fertilization and treatment with
herbicides and insecticides; 2 — without
the use of preparations of inorganic origin
(biological); 3 — treatment only with bio
insecticide ("Ecofil P") of organic origin. It
was found that the applied different
technologies have a significant impact on
the change of some quantitative indicators
of productivity.

The vyields of dry forage mass in the
biological way of cultivation of pea and
treatment with "Ecofil P" are from 15.33%
to 20.15% and crude protein from 14.13%
to 16.06% lower compared to the



MO-HUCKW B CpaBHEHWE C KOHBEHLMOHas-
HUSA HauWH. M3non3saHnTe TEXHOMOMMMN He
oKasBaT CbLeCTBEHA MPOMSHA BbPXY
nokasarenute 3a KauecTBOTO Ha hypaxa.

KnouoBn aymu: nposnieTeH rpax,
TeXHoNormM, 610 uMHcekTUumna, [o6useuy,
hypax, cypoB NpoTeUH

YBO/,

PypaxHuAT Trpax e eauH  oT
LEeHHMTE U3TOYHULM Ha pacTuTesieH npo-
TEWH 1 3aeHO C apyruTe 6060BU KyNTypu
MMa B&XHO 3HayeHue 3a pellaBaHe Ha
6enTbyHNA nNpobnem B cTpaHata (Kertikov,
2010). 'paxoBuTe pacTeHus cnocobcTeart
3a noggbpaHe Ha No4YBeHOTO NI0J0pPO-
[ve, KOeTo e MHOIo CbLUECTBEHO B YC/O-
BMATA Ha PA3KO CbKpaljaBaHe BHACAHETO
Ha MuHepanHu Topoe (Ryabtseva, 2009).
MpaxbT € OoT/MYeH npeflecTBEHVK 3a
MOBEYETO MOJICKN N TEXHUYECKU KyNTypu
(Honeycutt, 1998; Yau and Bounejmateb,
2003; Gramatikov and Koteva, 2006). B
peavua NnpoyyBaHus ce N3TbKBaT He3ame-
HMMaTa poss Ha MpoNeTHUs qoypaxeH
rpax, KaTo LEeHEeH M3TOYHUK MPU XpaHeHe
Ha npexunBHuTe >XuBoTHM (Mustafa and
Seguin, 2004; Jacobs and Ward, 2008).

Bogell npobniem e ocurypsiBaHeTo
Ha 4yucTa OT XMMWYECKM 3aMbpcsBaHUs
XpaHa, OCHOBa 3a 34paBHWMS CTaTyc Ha
HacefieHneTo, obnTaBallo BCUYKN CTpaHu
n koHTuMHeHTM (Nickel, 1982; Skubisz,
2002; Kuleva and Kuznetsov, 2004). B
Ta3n Bpb3ka OrpaHMYeHOTO W3MO/I3BaHE
Ha npenapaTy OT HeOpraHW4YeH NPOMN3Xog,
KaKTo U TpeTMpaHeTo ¢ OGuonpenapaTu
npv NPOV3BOACTBOTO Ha MPOTENHOBU QY-
PaXkHW KYNTypu, paswmpsasa Bb3MOXHOCT-
Ta 3a pasBuTUE Ha EKOJIOTMYHOTO 3eMee-
/e B cTpaHarta U He HOCU PUCK OT 3amMbp-
csABaHe Ha pobuTarta npoaykums. Ha tosu
eTan ca YCTaHOBEHW BJ/IUAHNETO Ha
pas/iMyHM TEXHOMOMMM NpU  OTINIEXAaHe
Ha NposeTeH oypaxkeH rpax copT Kepno
BbpXy  (beHosnorusAta,  6GuomeTpuATta,
cTeneHTa Ha nonsraHe, JOOGMBBLT Ha
3bPHO U OGMOXMMMYHA XapaKTepucTmka
(Kertikov and Kertikova, 2017; Kertikov et
al., 2018).
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conventional technology. The technologies
used did not make a significant change on
the quality of the forage.

Key words: spring pea,
technology, bio insecticide, yield, forage,
crude protein

INTRODUCTION

Field pea is one of the valuable
sources of vegetable protein along with
other legumes is important to solve
protein problem in the country (Kertikov,
2010). Pea plants contribute to
maintaining soil fertility, which is very
significant in terms of sharply reducing the
importation of mineral fertilizers
(Ryabtseva, 2009).

It is an excellent precursor for most Polish
and industrial crops (Honeycutt, 1998;
Yau and Bounejmateb, 2003; Gramatikov
and Koteva, 2006). A number of studies
highlight the irreplaceable role of spring
fodder pea as a valuable source in
feeding ruminants (Mustafa and Seguin,
2004; Jacobs and Ward, 2008).

Leading issue is the provision of
free of chemical contamination of food,
based on the health status of the
population inhabiting all countries and
continents (Nickel, 1982; Skubisz, 2002;
Kuleva and Kuznetsov, 2004). In this
connection the limited use of preparations
of inorganic origin and treatment with
biologics in the production of protein
fodder crops, expanding the opportunity
for the development of organic farming in
the country and carries the risk of
contamination of harvested produce.

At this stage, the influence of different
technologies on the cultivation of the
spring field pea cv. "Kerpo" on phenology,
biometrics, the degree of lodging, grain
yield and biochemical characteristics have
been identified (Kertikov and Kertikova,
2017; Kertikov et al., 2018).



Llenta Ha npoyyBaHeTo e fJa ce
YCTaHOBM BJIMSSHUETO Ha TEXHOJOrMuTe,
NPUNIOXEHN NPU OTINEXAaHe Ha nponeTeH
goypakeH rpax (Pisum sativum L.) Bbpxy
Jo6vBa Ha doypax 1 CypoB MPOTENH.

MATEPVAJT N METOOU

EkcnepvMeHTBLT e npoBefeH npes
nepuoga 2011-2013 r. BbB BTOpPO ONNTHO
nosne Ha VIHCTUTYTa No dhypaskHWUTE KyITy-
pn, cbCc copt rpax Kepno. CopTeT ce
OT/IMyaBa C BUCOK [0OMB Ha 3bPHO WU
paHo3psnoct (Kertikova and Kertikov,
2013). N3cnepBaHeTo e NpoBefleHO Bbp-
XY MOYBEH NOATUN C/1ab0-N3NYXKEH YepHO-
3eMm, NMpu HENOMMBHU YC10BUA. M3non3saH
e MeToda Ha [Jpo6HWTe napuesv B
YyeTUpUKPaTHa NoBTOPAEMOCT Ha BapuaH-
TWTe, NpW pekonTHaTa napuena 10 m?.
BapvaHTu Ha nosckua onut ca: sapuaHTt 1
KOHTpO/ia — MO KOHBEHLUMOHa/IHA TEeXHO-
norusa (Kertikov et al., 2003), BkouBawa
TOPEHEe N TpeTupaHe C xepbuuugn n vH-
cekTuumamn; BapuaHt 2 — 6e3 u3nosi3BaHe
Ha npenapaTy OT HeOpraHWyeH NPoun3xo;
BapuaHt 3 — TpeTupaHe camo C OGWOWH-
cektuumng, (,Ekodoun P”) oT opraHuyeH
npousxod. TpetTupaHeTo c 6uonpenapara
-EKothun P” e u3BbplIBaAHO BBLB (heHo-
(hasa nbrieH ybtex B gosa 3,5 l/da.

MpubupaHeTo Ha NoceBuTe € U3BbLP-
LWeHo ¢ ManorabapuTHa napuesiHa kocayka —
BCS BbB theHohasza nbaHW AonHn 6060-
BE Ha rpaxa. YCTaHOBEHM ca [obusute
cBexa U cyxa pypaxHa maca (kg.da'l) oT
rnocesuTe Ha MPOJIETEH rpax U Ha Ha-
/IM4YHaTa nnaeBesiHa pactutenHoct/6uomaca.
Mo cTaHOapTHUTE METOAU Ca U3BBbPLUEHU
XUMUYECKM aHanu3n Ha pypaxHarta 6uo-
Maca OT MPOoNeTHUA rpax U oT NnnesenuTe.
OTYeTEHO € CbAbPXaHMETO Ha Cyxo Be-
LLIeCTBO, CYpPOB NPOTEWH, CYPOBU BJ1akHU-
HK, Kanuuin n cdoccop. OTpaseHun ca no-
nyyennte Ao6mBM cypoB npoTeuH (kg.da™)
OT (pypaxHata 6Guomaca Ha rpaxa, OT
nnesefniHata pacTUTENHOCT M OT eAuHMLA
nnouwy (da). U3uncneHn ca OTKIOHEHUATA
(%, +/-) OT KOHTPO/IHMA BapuaHT. CTaTncTn-
yeckata 06paboTka Ha eKCNepUMEHTasTHUTe
JaHHV e n3BbpLUEHa C NPOrpaMHuUsA NPOAYKT
STATGRAPHYCS plus for Windows Version 2.1.
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The aim of the study is to
investigate the impact of the technologies
applied in the cultivation of spring forage
pea (Pisum sativum L.) on the production
of forage and crude protein.

MATERIAL AND METHODS

The experiment was conducted
during the period 2011-2013 in the
second experimental field in Institute of
Forage Crops with pea cv. Kerpo. The
variety has a high grain vyield and
earliness (Kertikova and Kertikov, 2013).
The study was conducted on the soll
subtype slightly leached chernozem,
without irrigation. It used the split plot
method with four repetitions of the
variants and a size of 10 m” of harvest
plot. Variants of the field experience:
Variant 1 control a conventional
technology (Kertikov et al. 2003),
including fertilization and treatment with
herbicides and insecticides; Variant 2 —
without the use of preparations of
inorganic origin (biological); Variant 3 —
treatment only with bio insecticide (“Ecofil
P") of organic origin. Treatment with bio
preparation "Ecofil P" is performed in
phenophase full flowering at a dose of 3.5
I/da.

Harvesting crops is done with a
small-scale mowing machine — BCS in
phenophase full bottom pods of pea. The
yields of fresh and dry matter (kg.da™) of
spring pea and available weed biomass
were established.

By standard methods, chemical analysis
of forage biomass from spring pea and
weeds was performed. The content of dry
matter, crude protein, crude fiber, calcium
and phosphorus was reported. The yields
of crude protein (kg.da) of the forage
biomass of pea, weed biomass, and unit
area (da) are reflected. The deviations (%,
+/-) of the control variant were calculated.
All experimental date were statistically

processed using the software
STATGRAPHYCS plus for Windows
Version 2.1.



PE3YJITATU N OBCBXXOAHE
Arpo-mMeTeopoiornyHnTe JaHHW
(durypa 1) 3a nepuvoga Ha pasBuTue Ha
nponeTHNa ypaxeH rpax nokasear, ye
npes nbpBarta roguHa, peasHa Bb3MOX-
HOCT 3a 3asiaraHe Ha MOoMCKMAT onuT
CblLUECTBYBA €/Ba B Kpas Ha MeceLl, mapT.
HannuHmute TemnepaTypu npe3 TpeTarta
JeceTaHeBKa ca pasHuM Ha 9,8°C, Mpu
CpaBHWUTENIHO CNabo Braro3anacsiBaHe Ha
noysata. MbAHO NOHUKBAHE U Npu TpuTe
BapuaHTa € perucTpmMpaHo B Ha4asoTo Ha

BTOpaTa feceTAHEBKa Ha MeceL, anpul.
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RESULTS AND DISCUSSION

The  agro-meteorological data
(Figure 1) for the development of spring
forage pea indicate that in the first year
there was no real possibility of betting on
the field experiment until the end of
March. Available temperatures in the third
ten days are equal to 9.8°C, with relatively
low soil moisture.

Full germination in all three variants was
recorded at the beginning of the second
10 days of April.
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Fig. 1. Klimatogram for the vegetation period, 2011-2013

MponeTHUAT BereTauuMoHeH nepuog
Ce xapakTepusupa C 4YecTu npeBasisBa-
HVUA Y ONTUMaTHU Temnepartypu 3a pas-
BUTWE Ha KynTyparta. lNpe3 BTopara roau-
Ha ce HabnaasaT xapakTepHuTe 3a me-
cel, MapT NPexoAHN CE30HHW NMPOMEHMN B
arpo-meTeoposnornyHaTa 06CcTaHOBKa.
KbM Kpas Ha NbpBOTO AeceTaHeBME TeM-
neparypata Ha Bb3Ayxa € C OTpu-
uatenHn namepenus (-1,2°C). Banexure
npes Meceua ca KpahHO HefoCTaTbyHM
(7,6 mm/m?), Ho 6naropapeHne Ha o6un-
HUTE CHeroBasiexu npes 3uMHUSA Nepunog,
noysata 6elwe p[obpe BnarosanaceHa.
CeutbaTta Ha rpaxa e ocbluecTBeHa npu
nbpBa BBb3MOXHOCT. [lpe3 nponeTHus
BereTauMoHeH nepuog, ycnosusita 6sxa
6naronpusaTHM 3a MpoTMYaHe Ha BereTa-
UMOHHMTE npoLecu. XapakTepHO 3a me-
cel MapT Ha 2013 r. e, ye gobpo nou-
BEHO OBJI@XHABaHe CbyeTaHo C 6naro-
NpuATHa Bb3AylIHa Temnepatypa 1 Bb3-
MOXHOCT 3a ceutba ce cb3fafe efBa B
Ha4yasl0TOo Ha TpeTara [feceTAHeBKa Ha
MeceL, MapT, KOrato e W3BBbPLUEHO U
3a/1araHeTo Ha MOoJICKAA  EKCNEPUMEHT.
Pa3BuTneTto Ha nponeTHWs qypaxeH
rpax npes mMecel, anpusa ce OCbLLECTBM
npu TemnepaTypu OKOM0 W Haph KiavMma-
TUYHUTE HOpMK 3a Meceua. [Npe3 cneg-
BallMTe Meceuu Cb3JaMte ce arpo-
METEeOopPOJIONMYHN YCNOBUA 6sXxa HopMmaJl-
HY 3a [O6POTO pasBuUTUE Ha KyNTypaTa.

The spring vegetation period is
characterized by frequent rainfall and
optimal  temperatures  for  culture
development. In the second year, the
seasonal changes in the agro-
meteorological environment are typical
for March. At the end of the first ten days,
the air temperature is negative (-1.2°C).

Precipitation during the month is
extremely low (7.6 mm/mz), but due to the
heavy snowfall during the winter, the soil
was well humid. Pea sowing was done as
soon as possible. During the spring
growing season, conditions  were
favourable for the conduct of vegetation
processes.

Characteristic for March 2013 is that
good soil humidification coupled with
favourable air temperature and sowing
capacity was created only at the
beginning of the third ten days of March
when the field experiment was made.

The development of spring forage pea in
April conducted at temperatures around
and above the climatic norms for the
month.

In the next months agro-meteorological
conditions were normal for the good
development of culture.
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OT nonyyeHute pesyntatm 3a
cpegHuTe gobuBm cBexa Maca  OT
NposieTHNUA rpax € yCTaHOBEHO, 4e Mpu
cTaHgapTHaTa TeXHOMNOoruA Ha oTriexaa-
He Toii pgoctura Ao 1826,68 kg.da™
(Tabnmya 1). CbWMSAT € N0 — BUCOK C
10,55% o1 TO3M noslyd4eH npu nocesa
oTrnexgaH 6e3 nsnon3saHe Ha npenapa-
TN OT HeopraHnyeH npomnsxod u ¢ 16,95%
CMPSAMO MOJSIYYEHUAT MpU TpeTupaHe Ha
nocesa ¢ 6uo nHcektuuma (,Exocoun P”)
OT opraHuyeH npousxon. Pasnukute B
OTYETEHUTE MPOLIEHTU CYXO BELLECTBO B
cBexara mMaca Ha rpaxa B 3aBMCUMOCT OT
TEeXHOoMoruATa Ha oTr/exgaHe ca B MHOro
TeceH agmanasoH — ot 19,20% o 20,31%,
T.e. B rpaHuuuTe Ha AonycTyMara rpeLuka.

From the results obtained for the
average fresh mass yields of pea it was
found that in standard technology it
reached 1826.68 kg.da™ (Table 1). The
same is higher by 10.55% of that
obtained in crops grown without the use
of preparations of inorganic origin and by
16.95% compared to that obtained from
treatment with bio insecticide ("Ecofil P").

The differences in the reported
percentage of dry matter in the fresh
mass of pea, depending on the cultivation
technology, are in a very narrow range —
from 19.20% to 20.31%, i.e. within the
margin of error.

Tabnuua 1. Jo6umBKM cBeXa M cyxa doypaxHa maca OT NposieTeH rpax, CpeaHo 3a

nepuoga 2011-2013r., kg.da™

Table 1. Yields of fresh and dry forage mass from spring pea, average for the

period 2011-2013, kg.da™

Mokasatenu / Indicators

BapvaHtun Ceexa hypaxHa maca Cyxa thypaxHa maca
Treatments Fresh forage mass Dry forage mass
pax [MneBenn Bcuuko pax Mnesenn | Bcuuko |OTKI0HEHME
Pea Weeds Total Pea Weeds Total Deviation
%,+/-
BapuaHT 1KoHTpona
\Variant 1 — control 1826.68 2 - 1826.68 % 371.63° - 371.63°% -
BapuanT / Variant2  1128.38° 505.75% 1634.13° 223.81° 90.85%° 314.66° -15.33
BapuaHT / Variant3  1196.77° 320.25"° 1517.02° 235.36° 61.38° 296.74° -20.15
LSD g9,5% (kg.da’l) 9.872 12.020 14.591 5.202 1.452 6.849

Mpu noceBuTe OT BTOpPU U TpeTU
BapuaHTM B KpaillHWTe [06MBM CBexa
Maca € W3MEPEHO U MNO-BUCOKO KOMU-
4YecTBO nNeBesiHa pactuTenHoct. [Mpu
nocesa TpeTupaH ¢ 6MO WHCEKTULMAA,
TErnoTo Ha ceexara niesesiHa buomaca
poctvra fo 320,75 kg.da™t, gokato npw
noceesa otrnexgaH 6e3 u3nosnssaHe Ha
npenapatu OT HEeOopraHU4yeH MpPOU3XO0A,
TErNnoTo Ha MJeBenMTe HapacTBa Ao
505,75 kg.da’l. [JobuBbT abconTHO
cyxa oypaxHa Maca e Hali-BMCOK CblLO
NPV KOHBEHLMOHATHNS HAYVH Ha OTIex-
haHe Ha rpaxa (371,63 kg.da'l), Jokarto
npu ocTaHanute fABa TEXHOSIOTUYHU
nogxoga, pobueute (thypaxHa maca oOT
rpax + nnesenHa maca) ca ot 15,33% go

In crops of the second and third
variants in the final yields a fresh mass is
measured and a higher quantity of weed
biomass. In the crop treated with the bio
insecticide, the weight of fresh weed
vegetation reaches 320.75 kg.da™, while
in crops grown without the use of
preparations of inorganic origin the
weight of weeds grows to 505.75 kg.da’l.

The yield of absolutely dry matter is also
highest in the conventional way of pea
growing (371.63 kg.da'l), while in the
other two technological approaches, the
yields (pea mass + weed mass) are
15.33% to 20.15% lower.
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20,15% no-Huckn. Oka3Ba ce, 4Ye CTaH-
JapTHaTta TeXHOOorMA Ha OTrexaaHe Ha
nponeteH dhypaxeH rpax e no-egekTBHa
Mo OTHOLWEHME Ha MpPOU3BOACTBO Ha
doypax, B CpaBHEHUWE C OTINEXAAaHETO MYy
no 6uosIorMYeH MeTod WaW 4Ypes TpeTu-
paHe ¢ 61o nHcekTuuma ,Exocoun P”.
MpegHa3HavyeHNeTo Ha npousBse-
JeHata pypaxHa Maca e T4 ga 6bae

M3xpaHBaHa MpW  CEJICKOCTOMaHCKUTE
XMBOTHW. B Tasn Bpb3ka KayecTBOTO Ha
noayyeHnaT diypax e OT 0cobeHo

3HayeHne. XUMUYECKUAT aHanm3 Ha qy-
paxHata 6uomMaca OT rpax nokassa, 4e
CbAbpXaHNETO Ha CYpOB NPOTEUH MeXAy
OTAEe/IHUTEe BapuaHTU e B MHOro 6/n3ku
rpasvum — ot 17,78% po 18,06% (Tabnmua
2). B cnyyast, npunoxeHute Tpu passnvy-
HW TEXHOJIOTUM Ha OTINexaaHe Ha KynTy-
pata, He oOka3BaT CbLLECTBEHO BUSAHUE
BbpPXY NPOLUEHTHOTO CbAbpPXaHWe Ha Cy-
poB npotenH B 6uomacata OT nponeTeH
rpax. Mpu nneeesHaTa pPacTUTESTHOCT,
CbbpXaHNETO Ha CypoB MPOTEUH € C
Hazg 3,0% no-HUCKO B CpaBHEHMEe C ToBa
npu coypaxa ot rpax. N Tyk npunoxeHuTe
pasNnMyHM  TEXHONIOTUYHM MEeToAM Ha
oTrnexjaHe Ha MoceBuUTe, He okasBar
BNNSAHME BbPXY CbAbPKAHMETO HA CYpOB
npoteuH. Mpu oTaenHWTe BapuaHTh (noce-
BMW) Ha rpaxa, NpoLeHTa Ha CypOBU BJIaKHU-
HY (14,08-14,87%), kanuuii (1,451-1,789%)
n cpocchop (0,340-0,395%) B 6GMOMacarta
ca CblWo ¢ 6mn3kn cToimHoCcTK. MogobHa e
TEeHAEeHUMATa U Npu pesyntartuTe oTyeTe-
HW 3a nneBesiHaTa pacTUTesIHOCT. W3-
KNoYeHne npasu CbAbpXaHUETO Ha Ccy-
poBY BNakHWHU. CbLUNTE He ce pasuya-
BaT N0 CbAbpXaHue B 3aBUCUMOCT OT
pasnuyHMTe TEXHOJIOTUYHW (hakTopu Ha
oTrnexpgaHe, Ho ca cpefHo ¢ Hag 5,0%
no-seye OT CbAbpXaHUeTo B 6Gmomacara
Ha hypaxHus rpax.

It appears that standard spring pea
cultivation technology is more effective in
forage production compared to its
biological methods or treatment with bio-
insecticide "Ecofil P".

The purpose of the produced
forage mass is to feed it from farm
animals. In this regard, the quality of the
forage obtained is of particular
importance. The chemical analysis of pea
forage biomass shows that the crude
protein content between the different
variants is very close — from 17.78% to
18.06% (Table 2).

In this case, the three different crop
cultivation techniques applied did not
significantly affect the percentage of
crude protein in spring pea biomass. In
weeds, the crude protein content is more
than 3.0% lower than in pea forage.

Here too, the different crop cultivation
methods applied do not affect the content
of crude protein.

The percentage of crude fiber (14.08-
14.87%), calcium (1.451-1.789%) and
phosphorus (0.340-0.395%) in biomass
are also close to the individual variants
(crops) of pea.

Similar is the trend in the results of weed
biomass. An exception is the crude fiber
content. They do not differ in content
depending on the different technological
factors of cultivation, but are on average
more than 5.0% above the biomass
content of pea.
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Tabnuua 2. XumMnyeckn aHanins Ha oypaxkHa buomaca oT nposieTeH rpax B % oT
CyXO0TO BellecTBO (cpeaHo 3a 2011-2013r.)
Table 2. Chemical analysis of forage biomass from spring pea in % of the dry

substance (average for 2011-2013)

BapuaHTn Cyxo Cypos Cyposu Kanuwi doccop
Treatments BeLecTBo NpoTeuH BNIaKHUHU Calcium Phosphorus
Dry Crude Crude fiber
substance protein
Bromaca ot doypaxeH rpax / Biomass from forage pea

BapuaHTt 1 — KoHTpoa
Variant 1 — control 91.17 18.06 14.71 1.789 0.395
BapuaHT 2 / Variant 2 91.48 17.78 14.08 1.458 0.340
BapuaHT 3 / Variant 3 91.51 17.98 14.87 1.451 0.340

Bruomaca ot nnesenu / Biomass from weeds
BapuaHTt 1 — KoHTpoa
Variant 1 — control - - - - -
BapuaHT / Variant 2 92.78 14.53 19.39 1.147 0.374
BapuaHT / Variant 3 92.50 14.30 19.58 1.882 0.393

MonyyeHnte oT rpaxa [O6MBU
CYPOB MNpPOTEMH Ca CPaBHUTEMHO MO-
BUCOKW MPYW OTIMeXAaHe No cTaHgapTHa-
Ta TexHonorust (67,16 kg.da™l), mokato
npy oOcTaHanUTe [JBa  TEXHOMOMMYHM
MeToga Ao6usuTe ca ot 39,79 kg.da™® o
42,29 kg.da™(Ta6numua 3).

The crude protein yields of pea are
comparatively  higher in  standard
technology (67.16 kg.da'l), while in the
other two process technologies the yields
are from 39.79 kg.da® to 42.29 kg.da™
(Table 3).

Tabnuua 3. lobmB Ha cypoB NpOTeunH, cpeaHo 3a nepnoga 2011-2013 r., kg.da’l
Table 3. Crude protein yield, average for the period 2011-2013, kg.da'1

Cypos npoteuH / Crude protein

BapuaHtu / Treatments| pax/ Pea Mnesenn/  |Bcuuko / Totall OTkioHeHue / Deviation
Weeds %,+/-

BapuaHTt 1 — KoHTpoa

Variant 1 — control 67.12 2 - 67.12°2 -

BapuaHT / Variant 2 39.79° 13.20 52.99 " -14.13

BapuaHT / Variant 3 42.29" 8.77° 51.06 © - 16.06

LSD g5 (kg.da™) 2.849 1.458 1.899

CypoBUAT NPOTEUH MOSYyYeHN OT
nfesefniHarTa pacTuTesIHOCT Mpu NnocesnTe
OT BTOpPU W TpeTu BapwaHT e ot 8,77
kg.da'1 no 13,20 kg.da’l. Kato o06uy
[06MB, NPU KOHBEHUMOHAUTHUS HAUYMH Ha
oTrnexaaHe Ha rpaxa, CypoBus npoTeunH
e oT 26,66% po 31,45% no-BuCOK B
CpaBHeHWe ¢ GMONOTUYHUA HAYMH U Npu
TpeTtupaHe ¢ ,Ekocdmn P”. BugHo e, 4ye
M3MNON3BaHETO Ha Pas/iyHU TEXHOOorMK
npu oTrnexpaHe 3a ypax Ha nponet-
HWA rpax, BOAAT [0 CbLUECTBEHU Npome-
HW Ha HAKOW KOJINYECTBEHU N KAYeCTBEHM
rnokasartenun Ha NPoAyKTUBHOCTTA.

The crude protein obtained from
the weed biomass in the crops of the
second and third variants is from 8.77
kg.da'1 to 13.20 kg.da’l. As a total yield,
in the conventional way of pea growing,
the crude protein is from 26.66% to
31.45% higher than in the biological way
and in the treatment with "Ecofil P". It is
clear that the wuse of different
technologies in forage crops for spring
pea leads to substantial changes in some
gquantitative and qualitative performance
indicators.
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N3BOAN

MpunoxeHuTte pas/iMyHnN TEXHOSO-
My Ha oTrnexagaHe npu nponetHua dy-
paXeH rpax okassBaT CbLUECTBEHO B/UA-
HMe BBbPXY M3MEHEHMETO Ha HAKOU KOJu-
YeCTBEHM MokasaTenn Ha NPOAYKTUBHOCT-
Ta. [lobmBUTE Ha cyxa oypakHa maca npu
OGMONOTMYHUS HAYMH Ha OTIIexaaHe Ha
rpaxa u npu TpetupaHe c ,Ekocmn P’ ca
or 15,33% po 20,15% wn Ha cypos
npoteuH ot 14,13% po 16,06% no-HUCKK
B CpaBHEHWE C KOHBEHLMOHAHNA HAUNH.

M3nonssaHute  TeXHonoruM  He
oKa3BaT CblUeCcTBeHa TMpOMAHA BbpXYy
rnokasaTtenute 3a ka4ecTBOTO Ha oypaxa.

CONCLUSIONS

The different cultivation
technologies applied to spring forage pea
have a significant impact on the change in
some guantitative indicators of
productivity. The yields of dry forage mass
in the biological way of cultivation of pea
and treatment with "Ecofil P" are from
15.33% to 20.15% and crude protein from
14.13% to 16.06% lower compared to the
conventional technology.

The technologies used did not
make a significant change on the quality
of the forage.
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PE3IOME

MpoyyeHn ca Tpu Obarapcku
nonynauyun coumin (Ne2, Nel2 m Nel3) ot
nogsupgose striata (Vicia pannonica ssp.
striata) n pannonica (Vicia pannonica ssp.
pannonica) MO OCHOBHW KOJINYECTBEHM
npusHaun. Ypes aHanm3 Ha BapuaHca ca
YCTaHOBEHWU [0Ka3aHW pasnuuna Mexay
u3cneABaHUTe fIMHUK KU nonynaumn donia
Mo OTHOLWEHWe Ha A06uB 3esieHa n cyxa
Maca. finHna 13/16 (ot nonynaumnsa Nel3)
€ C HaWl-BMCOK [J06MB Ha 3eneHa Mmaca
(1.18 kg/mz) MU npeBb3XoXaa CTaTucTu-
yeckM [pgokasaHo KoHTponata Pisareska
Panonska (0.80 kg/mz). Mo pobus cyxa
Maca ca yCTaHOBEHW He3HauuTesSHn pas-
munsa Mexay NMHuMTE 1 nonynauuvTe
gouin. Cnopepf, KOeUUMNEHTUTE Ha paHro-
Ba M NMHEeWHa Kopenauus, npu gopmmpa-
HETO Ha Cyxa Maca CbLUeCTBEHO 3Haue-
HWe nma npusHaka maca Ha 1000 cemeHa,
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SUMMARY

Three Bulgarian vetch populations
(Ne2, Ne12 and Nel13) of subspecies
striata (Vicia pannonica subsp. striata)
and pannonica (Vicia pannonica subsp.
pannonica) were studied regarding main
quantitative traits. Through analysis of
variance, significant differences were
found between the tested lines and
populations regarding green and dry mass
yields. Line 13/16 (from population Nel3)
had the highest green mass yield (1.18
kg/mz) and  statistically  significant
exceeded the control Pisareska Panonska
(0.80 kg/mz). In terms of dry mass vyield,
insignificant  differences between the
vetch lines and populations were
established. According to the rank and
linear correlation coefficients, in the dry
mass formation, an essential meaning
had the trait of 1000 seeds mass, in both



KakTo npu noasug —striata  (rs=0.80;
r=0.63), Taka “ npu nogBuA pannonica
(rs=0.67; r=0.71). Mpu AnHWUMTE OT
noAsuA pannonica nosuwasaHe Ha Ao6us
Cyxa Maca MOXe fga ce MNocTurHe upes
yBe/iMyaBaHe Ha CeMeHHarta NpPoAyKTUB-
HocT (r=0.54) n xbTBEeHUa uHgekc (r=0.45),
a npu noaguya striata — upes ysenmyasaHe
6pos Ha pasknoHeHusTa (r=0.53).
KnouoBn gymun: cuin, cenekuus,
NPoAYKTUBHOCT, Kopenauuu

yBO/[,

MpeactaBuTenuTe Ha pog Vicia ca
€[4HN OT Hali-yecTo cpelaHuTe enHo-
roauwHn  dpypaxHu kyntypu. duiiosete
0OGUKHOBEHO Cce u3fnosseatr B 6umonioruy-
HOTO XpaHeHe Ha xusoTHuTe (Yolcu et al.,
2012). MaHoHckmAT chuii (Vicia pannonica
Crantz.) e eguH OT Hali-obellaBawmTe
efHoroguwHKM Buaose dmin (Tahtacioglu
et al., 1996; Nizam et al., 2011). Ton e
ajantupaH KbM ekosiorMyHara cpefa Ha
ronemmn parionn B ceeta (Nizam et al.,
2011; Sayar et al., 2013). OT/iMyaBa ce ¢
6bp3 TEMN Ha pasBuTME Npe3 NpPoseTTa,
dopMMpa CpaBHUTE/IHO BUCOK [A06MB
cBexa 6uomaca U ocurypsiBa BMCOKOKa-
yecTtBeHo ceHo (Yolcu et al., 2012). MNog-
X04sl, e 3a oTr/iexgaHe B caMoCTosATeSl-
HW NOCEBU MU B CMECKMA C XXWUTHW KOMIMO-
HeHTU (Mikic et al., 2011; Debelyj et al.,
2015). B arpoekocuctemmTe Moxe ga ce
13M0M3Ba KaTo MOKPOBHA Ky/Typa, 3a 3ene-
HO TOpPEHE M 3a NoBuLLABaHe Ha NO4YBEHOTO
nnogopoane (Kostov and Pavlov, 2001).

CbBpEMEHHUTE CETEKUMOHHN MNpo-
rpaMy ca Haco4YeHW KbM Cb3faBaHe Ha
COpTOBe, XapakTepusmpawm ce c agarn-
TMBHOCT MO OTHOLIEHWE HA OCHOBHUTE
e/leMeHTN Ha NPOAYKTUBHOCTTA, fobusa un
KauyecTBOTO Ha pacTuTesiHata NPoAyKUUS.
ChbluecTByBa peasiHa Bb3MOXHOCT 3a ce-
NEKUMOHMpaHe Ha reHOTUMOBE C BMCOK Mpo-
[OYKTUBEH MOTEHUMan U CPaBHUTENHO [06-
pa TONepaHTHOCT KbM HEG1aronpusaTHUTE
(hakTopu Ha cpegarta, Tbil KaTo Te3un npu-
3HaUW ce KOHTpoMpart OT pas/iMyHuN reHe-
TnYHK cuctemm (Anohina and Mazuka, 2006).

YcnexbvT B cenekyusita 3aBuUcu B
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subspecies striata (rs=0.80; r=0.63) and
subspecies pannonica (rs=0.67; r=0.71).
In the lines of subspecies pannonica, an
increase of dry mass vyield can be
achieved by increasing the seed
productivity (r = 0.54) and harvest index (r
= 0.45), and in subspecies striata — by

increasing the number of branches
(r=0.53).
Key words: vetch, breeding,

productivity, correlations

INTRODUCTION

Representatives of genus Vicia are
one of the most commonly encountered
annual forage crops. Vetches are usually
used in organic animal feeding (Yolcu et

al., 2012). Hungarian vetch (Vicia
pannonica Crantz.) is one of the most
promising annual vetch species

(Tahtacioglu et al., 1996; Nizam et al.,
2011). It is adapted to the environment of
large areas of the world (Nizam et al.,
2011; Sayar et al., 2013). It distinguishes
with a rapid growth rate in the spring,
forms a relatively high yield of fresh
biomass and provides high-quality hay
(Yolcu et al., 2012). Hungarian vetch is
suitable for growing in pure stands and in
mixtures with cereal components (Mikic et
al., 2011; Debelyj et al, 2015). In
agroecosystems, it can be used as a
cover crop, for green manures, and for
increasing soil fertility (Kostov and Pavlov,
2001).

Modern breeding programs are
directed to the development of cultivars
characterized by adaptability regarding
the main elements of productivity, yield
and quality of plant production. There is a
realistic possibility of selecting genotypes

with  high productive potential and
relatively good tolerance to the
unfavorable environmental factors as

these traits are controlled by different
genetic systems (Anohina and Mazuka,
2006).

Breeding success depends largely



rofisiMa cTteneH oT 60ratcTBOTO U pasHo-
06pa3uneTo Ha n3XodHuUs Mmatepuan, KOnTo
TpsbBa fga npuTexasa LeHHU 1 NOe3HN B
CeNIeKUMOHHO  OTHOLWIEeHMEe  npusHaum.
Heobxoaumo e aa ce 3Hae ecTecTBOTO Ha
3aBMCMMOCTTa Ha Te3u npusHauu, 3a ga
ce 3acuim edpeKTbT Ha XeslaHnTe 1 ga ce
Hamasim nposiBata Ha HenoAxXoAsLWM npu-
3HaUW. YCTaHOBABAHETO Ha KopesiauvoH-
HM 3aBUCUMOCTY MO3BOJISIBA Aa Ce Harnpa-
BV NPOrHO3a Ha O4YakBaHWTe pe3ynTaTu ot
M3MOM3BAHETO Ha ONpefesieHn M3XoAHU
opmMnm 1 nomara npu nogbopa Ha
Nnoaxodsy  poavTeNniCkKA  KOMMOHEHTU
(Vitko, 2014; Maksimenya, 2016).

Llenta Ha HacToALOTO NpoyyBaHe
e [fa ce onpegenu cTeneHta Ha BbTpe-
nonysaynMoHHa M3MEHYMBOCT B AMBOpac-
TAWM Obarapcku nonynauun cuii  no
OCHOBHU Npu3Hauu, onpegensawm npoayk-
TMBHOCTTA Ha Kyntypara.

MATEPVAJT N METOOU

WN3cnepsaHeTo e npoBefeHO npes
nepuoga 2011-2013 r. B EkcnepumeHTtan-
Ha cTaHuus no coaTa (MaBnunkeHn). O6eKT
Ha npoyyBaHe npe3 2011-2012 r. ca Tpu
6barapcky nonynaumu dmid. Monynauus
Ne2 e oT nogsupg striata (Vicia pannonica
subsp. striata), a nonynauun Nel2 n Nel3 —
oT noggua pannonica (Vicia pannonica
subsp. pannonica). CenekuMoHHUAT Ma-
Tepvan, Bkw4yBaw, 21 reHotuna, e
0T6paH no NPOAYKTUBHOCT U KayecTBO Ha
TpeBHUA hypax B ABYrogMLIHO CpaBHU-
TeNHO M3NuTBaHe, NocsefBaHo OT ABYro-
OVLIHO KOHTPOJIHO M3nuTBaHe ¢ 9 reHo-
Tna. Mo 100 pacTteHnsa OT BCsAKa nonyna-
uma ca HabnwogasaHn B CeNEKUMOHEH
NMATOMHUK C WHAVBUAYa/THO pPa3nosioxe-
HVe Ha pacTeHuATa Ha nnaow, ot 1 m®. Ha
6a3a BU3yasiHa OLeHKa Ha pacTexa u pas-
BUTMETO ca MapkupaHu no 20 pacTeHus
OT nonynauus, KOUTO ca MOAJSIOKEHN Ha
GUOMeTpUYeH aHann3 no  crefHute
cefleM Mnokasartesia: mMaca Ha pacTeHue
npu y3psiBaHe Ha ceMeHara (g), BUCoYnHa
Ha pacTeHWe npu pekonTupaHe (cm),
pask/oHeHus Ha cTbb6n0 (6poii), 6oboBe
Ha pacTeHune (6poii), BUCOUMHA Ha MbPBYU
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on the richness and diversity of the
starting material, which has to possess
valuable and useful in terms of breeding
characteristics. It is necessary to know the
nature of the dependence of these traits in
order to increase the effect of the desired
ones and reduce the performance of
inappropriate traits. The establishment of
correlation dependencies allows to predict
the expected results of the use of certain
starting forms and helps in the selection of
suitable parental components (Vitko,
2014; Maksimenya, 2016).

The aim of the present study was to
determine the degree of intra-population
variability in  wild growing Bulgarian
populations of vetch regarding main traits
determining crop productivity.

MATERIAL AND METHODS

The study was conducted in the
Experimental station soya (Pavlikeni)
during the period 2011-2013. Three
Bulgarian populations of vetch were
subjects of study during the period 2011-
2012. Population Ne2 belongs to
subspecies striata (Vicia pannonica
subsp. striata), and populations Nel12 and
Nel3 — to subspecies pannonica (Vicia
pannonica subsp. pannonica). The
breeding material, including 21
genotypes, was selected on yield and
quality of the forage in a 2-year
comparative experiment, followed by a 2-
year controlled experiment with 9
genotypes. 100 plants of each population
were observed in a breeding nursery with
an individual layout of plants of 1 m? area.
On the basis of a visual assessment of
the growth and development, 20 plants of
a population were marked, and they were
subjected to biometric analysis on the
following seven traits: plant mass at seed
maturity (g), plant height at harvesting
(cm), stem branches (number), pods per
plant (number), height of 1% pod (cm),
seed productivity per plant (g) and 1000



606 (cm), NPOAYKTMBHOCT CEMEHa Ha
pacTteHue (g) n maca Ha 1000 cemeHa (g).
OnpepgeneHn ca cpefHuTe CTOMHOCTU MO
HabnogasaHuTe nNpusHauu, TEXHUTE rpeLu-
Kv 1 BapuaHc. o nonynauun n nokasare-
/I € OCBbLLECTBEH PaHroB aHans3.

leHoTUNoBeTe C Hai-BUCOKA KOM-
nsiekcHa paHrosa oueHka (13 Ha 6poii — 4
6poa or nonynaumsa Ne2, 4 6posa oT
nonynauusa Nel3, u 5 6pos oT nonynauus
Nel2) ca BK/KOYEHU KATO NMHUWU B npea-
BapuTesIHO U3NuTBaHe, NpoBefeHO npes
nepuoga 2012-2013 r. B n3nutBaHeTo ca
BK/TIOYEHWN KaKTO W3XOAHUTE mnonynauuu,
Taka 1 copT Pisareska Panonska, koiiTo e
n3non3saH kaTo crtaHgapt. MeToAbT Ha
3asaraHe e 610KoB, 6posi Ha noBToOpe-
HuaTa — 4. Centbara e pefioBa, C Noces-
Ha Hopwma 200 cemeHa/m’, npu mexaype-
[oBO pascTosiHue 12.5 cm u njow, Ha
pekonTHaTa napuena ot 1 m> OTyeTeHn
ca [06MB Ha cBexa M cyxa buomaca npu
HacTbMnBaHe Ha nacuilHa 3panocT (nossa
Ha NbpBM LBETOBE). Ypes koeduuneHtTa
Ha paHroea kopenauusi Ha CnMpMbH (rs) €
OLeHeHa 3aBMCUMOCTTa MexAay MNpoayK-
TMBHOCTTA Ha cyxa (pypaxHa maca oT
NIHUATE B MNpefBapuUTenIHOTO U3NMTBaHe
W CTOWHOCTUTE Ha nokasarenute, no
KOMTO ca OTOépaHu e/IMTHUTE TeHOTUMOBE.
CroiiHoCTTa Ha koeduuneHTa ce n3uuc-
nasa no chopmynaTta, kbaeto: d — pasnu-
Ka B paHrosute Homepa no X n Y; n —
o6em Ha n3Bagkara:

Famil—

M3BbpLIEH € liepapXnyeH KabecTe-
peH aHanu3 no metoga Ha Ward (1963) —
3a rpynvpaHe Ha reHoTunoseTe Ha 6asa-
Ta Ha CXOACTBO KaTo Mspka 3a pasnu-
ymsATa (reHeTUYHOTO PasCTOsHME) MeXAy
TAx. EBKIMAOBOTO pascTosiHue (kato msp-
Ka 3a [uMBepreHuus) e M34UCNeHo cnep,
npegsapuTesniHo  cTaHgapTu3npaHe Ha
JaHHuTe.

seeds mass (Q).

The mean values of the observed traits,

their errors and variance  were
determined.
Genotypes  with the  highest

complex ranked assessment (13 — 4 of
population 2, 4 of population 13, and 5 of
population 12) were included as lines in a
preliminary test conducted during the
2012-2013 period. Both the starting
populations and cultivar Pisareska
Panonska, which was used as a standard,
were included in the testing. It was used
block design method, with  four
replications. The sowing was in rows, with
a sowing rate of 200 seeds/m®, with 12.5
cm space between the rows and an area
of the harvesting plot of 1 mZ Fresh and
dry biomass vyields were reported at the
occurrence of pasture maturity
(appearance of first flowers).

Through Spearman’'s rank correlation
coefficient (rs) was estimated the
dependence between the dry forage mass
yield of the lines in the preliminary test
and the values of the traits according to
which the elite genotypes were selected.
The coefficient value was calculated by
the formula where: d — difference in the
rank numbers of X and Y; n — volume of
the sample:

6y of

nin? =1

A hierarchical cluster analysis was
performed according to the method of
Ward(1963) — for grouping genotypes
based on similarity as a measure of
differences (the genetic distance) among
them. The Euclidean distance (as a
measure for divergence) was calculated
after previously data standardization.
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PE3YJITATU N OBCBXXOAHE

AHanu3bT Ha BapuaHca Ha fobuBa
Ha 3e/ieHa W cyxa maca, npefcTtaBeH B
Tabnuumn 1 1 2, Nnokasea Hasmune Ha aoc-
TOBEPHU pas3/nuusa Mexzay reHoTurnoBseTe
Ha TpuTe nonynawuu npu BUCOKO HUBO Ha
3HaumMmocT. lNpusHaunTe maca Ha pacrte-
Hue (433.5) n 6poit 6o6oBe Ha pacTeHne
(379.4) ca ¢ no-gobpu NposiBu NpU reHo-
TMnoBeTe OT nonynauus Ne2 B cpaBHeHMne
¢ nonynaumu Nel3 1 Nel2 (Tabnuua 3).

RESULTS AND DISCUSSION

The analysis of variance of the
green and dry mass yields presented in
Tables 1 and 2 showed the presence of
significant  differences  between the
genotypes of the three populations at a
high level of significance. The traits of
plant mass (433.5) and pods number per
plant (379.4) had better manifestations in
genotypes of population Ne2 compared to
populations Ne13 and Nel2 (Table 3).

Tabnuua 1. AHanM3 Ha BapmaHca No OTHOLWeHNe Ha A06MB 3e/1eHa Maca
Table 1. Analysis of variance regarding green mass yield

Source of variation SS df MS F P-value F crit
Between groups 2.972492 16 0.185781  4.529455 0.000158 1.982764
Within groups 1.27150 31 0.041016

Total 4,243992 47

Tabnuua 2.AHa/IM3 Ha BapuaHca Nno OTHOLIEeHMe Ha A06UB cyxa maca

Table 2. Analysis of variance regarding dry mass yield

Source of variation SS df MS F P-value F crit
Between groups 0.168292 16 0.010518 3.807689 0.000699 1.982764
Within groups 0.085633 31 0.002762

Total 0.253925 47

Tabnuuya 3. CpegHo (X) n cTtaHgapTHO

OTK/IOHeHMe (SD) Ha cToHOCTUTE Ha

HAKOM KONIMYEeCTBEHW NpU3HaLM Npu 60 n3bpaHu efIMTHU reHOTUNN
Table 3. The mean (X) and standard deviation (SD) of the values for some
quantitative traits in 60 selected elite genotypes

Monynaumsa Monynaumsa Monynaumsa
MpusHauwn/Traits Population Ne2  Population Ne12 Population Nel3

X SD X SD X SD
Maca Ha pacteHue/plant mass 433.5 169.7 186.5 40.6 217.2 28.8
PasknoHeHus/branches 47.4 13.6 48.2 9.3 48.6 11.3
BucounHa Ha pacteHue/plant height 96.8 11.0 88.0 115 104.9 7.5
BucoumnHa Ha nbpsu 606/1> pod height 28.0 5.9 35.9 11.3 47.2 14.4
Bpoin 6060Be/pods number 3794 139.9 3717 1309 2044 851

Cnopef nonyyeHuTe pesyntatu 3a
Oposi pa3K/IOHEHNST HA pacTeHue, Npoy4-
BaHUTE nonysiauum nNpakTUYeckn He ce
pasnMyaBatr nomexgy cu. [lpu3HakbT
Bapvpa B MHOrO TeCHMW rpaHuun (ot 47.4
(Ne2) po 48.6 (Nel3)). NeHoTMNOBETE OT
nonynauna Nel3 ce otnuyaBatr C no-
Abnm ctbbna (104.9) mn 3anarat no-
BMCOKO MbpBu 606 (47.2). CpegHo 3a

According to the results obtained
for the number of branches per plant, the
studied populations practically did not
differ from one another. The trait varied
within very narrow limits (from 47.4 (No.2)
to 48.6 (No.13)). Genotypes of population
Nel3 were distinguished by longer stems
(104.9) and a higher situated 1% pod
(47.2). On average, for the experimental
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€KCMepPUMEHTasTHUS  Nepuos, Hal-HUCKK
CTOMNHOCTM MO OTHOLUEHME HAa NPOYy4YBaHK-
Te npusHauu ce HabnwgasaT Npu reHo-
Tunosete OT nonynaumsa Nel2. W3kto-
yeHMe ce ycTaHoBsiBa camo npu 6poli
6060Be Ha pacTeHMe CbC CTOMHOCT
61m3Ka Ao Tasmn Ha Ne2.

[aHHnTe 3a BenMuuHarta Ha CTaH-
[apTHOTO OTK/IOHEHME MOKa3BaT, ye Mpu
NnoyTM BCUYKM MOKa3aTesin BUCOKUTE CTOM-
HOCTM ca CBbP3aHu C NO-rofisiMo pascei-
BaHe Ha npusHaka. OTHOCMTeNIHa BbTpe-
nonysaynMoHHa CcTabuiHOCT M XOMOreH-
HOCT [AEMOHCTpMpaT npu3HauuTe 6poii
Pas3k/OHEHUS], BMCOYMHA Ha pacTeHue U
BMCOYMHA Ha 3a/1araHe Ha Mbpeu 606.

Cnopep nonyyeHuTe pesynrtatu oT
KOMM/IEKCHUA paHroB aHanu3 (Tabnuua
4) Ha O0TOpaHM OT U3XOAHWUTE monyauun
eNnTW, JIMHUUTE C MPOU3Xo4 OT nonyna-
umns Ne2 ce xapakrtepusupar ¢ no-ronsma
Maca Ha pacTteHmeTo M Maca Ha 1000
cemMeHa, hopMmupaT pacTeHus ¢ AbAru
CcTbbna n 6poAT Ha 6060BETE UM € Haj
cpefHus 3a n3cneaBaHeTo.

period, the lowest values regarding the
studied traits were observed in the
genotypes of population Nel2. An
exception was established only for the
number of pods per plant with a value
close to that of Ne2.

The data for the magnitude of the
standard deviation showed that in almost
all indicators the high values were
associated with a greater scatter of the
trait. Traits of number of branches, plant
height, and 1* pod height demonstrated
relatively intra-population stability and
homogeneity.

According to the results obtained
by the complex ranked analysis (Table 4)
of the selected elites of the starting
populations, the lines from population Ne2
were characterized by a higher plant
mass and 1000 seeds mass. They also
formed longer stems and the pods
number was above the average for the
study.

Tabnuua 4. EanT ¢ Hall-BUCOKa KOMMJ1EKCHA paHroBa OLeHKa
Table 4. Elites with the highest complex ranked assessment

Envi Maca Ha Paskno- BucoumHa Ha BucounHa Ha 6poi Mpoayk- Maca 1000
Elites PacTeHne Hewus pacTeHue Sl'tl‘prVI 6c_)6 60608Be TUBHOCT cemMeHa
Plant mass Branches Plant height 1™ pod height Pods number Productivityl000 seeds mass

2/17 455 39 97 33 622 49 41.5
2/38 670 32 103 35 565 51 35
2/63 399 68 81 23 400 28 36.5
2/84 570 52 112 32 510 36 48.5
12/27 200 37 90 32 330 30 28
12/37 190 39 94 23 473 34 225
12/54 250 52 105 31 569 51 315
12/56 225 57 75 31 504 38.8 26
12/77 200 48 95 32 492 43 25
13/16 230 43 105 46 302 39 26.5
13/69 250 53 110 47 244 17.3 21
13/85 250 63 100 48 247 32 24
13/89 220 59 87 33 294 33 30

or Tasu nonynauus nHtepec | Of this population, lines 2/38 and 2/84

npeactasnsaesaTr nvHunTe 2/38 n 2/84.
PacteHnara ot nonynauma Nel3 ce

were of interest. The plants of population
Ne13 were distinguished by higher values
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OT/IMYaBaT C NO-BMCOKU CTOMHOCTM MO OTHO-
LUEHME Ha BUCOYMHA Ha 3a/1araHe Ha MbpBu
606, BMCOYMHA Ha pacTeHme u 6poii pas-
KnoHeHus. OT nonynaumst Nel2 cenekumnoH-
HO nogobputenHata pabota MOXe pfa
NPOAb/MKM C NMnHKSA 12/54. B 6naronpusitHo
cbhbyeTaHue Npu Tasu JIMHUS ca Npu3HaumTe
OpOI pask/MOHEHNs, BUCOYMHA Ha pacTe-
Hue, 6poii 6060BE M NPOAYKTUBHOCT.

CpegHvTe CTOMHOCTM Ha [gobuea
Ha 3efleHa maca Ha J/IMHMUTEe OT nony-
nauna Nel2 ca MO-BUCOKM CMPSAMO KOH-
TposnHusa copT Pisareska Panonska (0.80
kg/mz), HO TOBa NpPeauMMCTBO € CTaTUCTu-
yeckM HesHaummo (Tabnuua 5). Huto
eflHa OT NuHUMUTEe OT nonynaums No2 He
npesuwaBaT KoHTponara, KaTo Hai-
HUCKOMPOAYKTMBHA € nmHusA 2/38 (0.31
kg/m?). OT nonynaums Nel3, nuHus 13/16
3aema nmbpea nosvums (1.18 kg/m?) w
NPeBb3XoXAa CTaTUCTUYECKM 3HAYMMO
KoHTponarta. Mo fobus Ha cyxa maca He
Ce yCTaHOBSBaT CbLUECTBEHM pasnmuns
Mexay NMHUUTE 1 nonynauuuTe, BbIpe-
KN uye HAKoM NuHuM kaTo 13/16, 12/54,
LP2 wn 12/27 dopmupatr no-ronsMo
KO/IMYeCTBO Cyxa maca.

in terms of 1% pod height, plant height
and number of branches. From
population Nel2, the breeding-
improvement work could continue with
line 12/54. Traits of number of branches,
plant height, pods number and
productivity were in a favourable
combination in this line.

The average values of green mass
yields of the lines of population Nel2
were higher compared to the control
cultivar Pisareska Panonska (0.80 kg/mz),
but this advantage was statistically
insignificant (Table 5). None of the lines
of population Ne2 exceeded the control,
and line 2/38 was the lowest productive
one (0.31 kg/m?). From population Ne13,
line 13/16 occupied the first position (1.18
kg/m® and statistically  significant
exceeded the control. Between the lines
and populations, there were no significant
differences in terms of dry mass yields,
although some lines such as 13/16,
12/54, LP2 and 12/27 formed a larger
amount of dry mass.

Ta6nuua 5. [lo6MB Ha IMHUKUTE, MPOU3XOXAALLM OT OTOepaHuTe enutn (kg/m?)
Table 5. Yield of the lines originating in the selected elites (kg/m?)

Green mass/3eneHa maca

Dry mass/Cyxa maca

1 ST Pisareska Panonska 0.80bc 0.25bc

2/17 0.54 ab 0.16 abc
2/38 0.31a 0.09 a

2/63 0.56 ab 0.15 ab
2/84 0.57 ab 0.15ab
LP2 1.01 cd 0.28 bc
12/27 1.09 cd 0.28 bc
12/37 1.03 cd 0.24 bc
12/54 1.11cd 0.29 bc
12/56 0.99 cd 0.22 abc
12/77 0.81 bc 0.21 abc
LP12 1.05cd 0.26 bc
13/16 1.18d 0.31c

13/69 0.60 ab 0.17 abc
13/85 1.00 cd 0.25 bc
13/89 0.98 cd 0.24 bc
LP13 0.93 cd 0.25 bc

Means followed by the same letter(s) did not differ significantly at 5 % level
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3aBucumocTuTe mMexay fobusa Ha
cyxa maca npu nuHuiTe dnin B nacullHa
3pSAA0CT M u3cneiBaHWTe npusHaun ca
npeactaBeHn B Tabnmuya 6. Cnopepg
KoedhLuMeHTa Ha paHroBa Kopesauus,
npu copmupaHeTo Ha cyxarta Maca
CbLLECTBEHO 3HAYEHME MMa MNpUsHaka
Maca Ha 1000 cemeHa, KakTo npu noasus
ssp. striata (rs=0.80), Taka n npu noaBMA
ssp. pannonica (rs=0.67). Mpu NuHUUTE
OT noAgug striata ¢ MOMOXUTESTHO, Makap
1 no-cnabo Bb3AelicTBre, ca 6poit 6060-
Be Ha pacTeHue (rs=0.40) 1 XXbTBEH UHAEKC
(rs=0.20). Mpu noaBmg pannonica, 3a
pasnvka oT striata, noBe4yeTo OT NpU3Ha-
uuTe Kopesvpart MoSIOXUTESTHO C Jo6uBa
cyxa Maca (C u3kI4YeHMe Ha 6poii
pas3k/oHeHus, rs=-0.23).

The dependencies between dry
mass yields in vetch lines at pasture
maturity and the studied traits were
presented in Table 6. According to the
rank correlation coefficient, in the dry
mass formation, an essential meaning
had the mass of 1000 seeds, in both
subspecies  striata  (rs=0.80) and
subspecies pannonica (rs=0.67).

In lines of subspecies striata with
positive, albeit weaker impact, were pods
number per plant (rs=0.40) and harvest
index (rs=0.20). In subspecies pannonica,
unlike striata, most of the traits correlated
positively with the dry mass yield (except
for the number of branches, rs=-0.23).

Tabnuua 6. PeHOTMNHU Kopenaunnm mexay Ao6MB Ha cyxa mMaca W OCHOBHUTE
KO/IMYECTBEHU NMPU3HaLUM Npu NpoyyYBaHnUTe IMHUN i B MaculHa 3psaocT
Table 6. Phenotypic correlations between dry mass yield and main quantitative
traits in the studied lines of vetch at pasture maturity

ssp. ssp. ssp. ssp.

MpusHauu/Traits striata pannonica striata  pannonica
rs R® rs R? r r

Maca Ha pacTeHue/plant mass -0.40 0.16 0.05 0.00 -0.77 -0.03
PasknoHeHus/branches 0.20 0.04 -0.23 0.05 0.53 -0.36
BucoumHa Ha pacteHue/plant height 0.00 0.00 0.14 o0.02 -0.16 0.08
BucounHa Ha nbpsr 606/1% pod height -0.20 0.04 0.08 0.01 -0.40 -0.05
Bpoin 6060Be/pods number 040 0.16 0.04 0.00 -0.13 0.08
MpoaykTnBHOCT cemeHa/seed productivity -0.20 0.04 0.28 0.08 -0.47 0.54
XXbTBEH nHAekc/harvest index 0.20 0.04 0.28 0.08 0.24 0.45
Maca Ha 1000 cemeHa/1000 seeds mass 0.80 0.64 0.67 0.44 0.63 0.71

I's - KOe(UUMEHT Ha paHroBa kopesauns Ha CnMpMbH; R®- KOe(MUUEHT Ha AeTepMUHaLUS; T -
KOeMUUEHT Ha NIMHeliHa Kopenauus

rs - Spearman’s rank correlation coefficient; R? - coefficient of determination; r - coefficient of
linear correlation

Mpu cpaBHsABaHe Ha JaHHUTE MO
OTHOLWIEHME KOEIULMEHTUTE Ha NINHENHA
Kopenaumsi Ha aHanMsMpaHuTe NpU3HaLum
Ce yCcTaHOBSIBa, 4Ye npu dopMupaHe Ha
JobuBa cyxa maca no-rofiiMo Bb3Aeli-
CTBME OTHOBO uMa 6poAaT 6060Be Ha
pacTteHue (r=0.71; r=0.63). Mpn nnHUMTE
OT MnoABuA pannonica MoBULIABaHe Ha
pobmBa Ha cyxa maca MoOxe pa ce
NMOCTUIHE 4ype3 yBeNnyaBaHe Ha CeMeH-
HaTta npoayktmBHocT (r=0.54) n XbTBeE-

When comparing the data with
respect to the linear correlation
coefficients of the analyzed traits, it was
found that in the dry mass yield
formation, the pods number again had a
greater impact (r=0.71; r=0.63).

In the lines of subspecies pannonica, an
increase of the dry mass yield can be
achieved by increasing seed productivity
(r = 0.54) and harvest index (r=0.45), and
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HMA wuHaekc (r=0.45), a npu noasug
striata upe3 yBenuuaBaHe 6pos  Ha
pasknoHeHusTa (r=0.53).

Debelyj et al. (2011) cbobuiasar,
Yye KbM HACTOALWMSA MOMEHT B CeJiek-
umsaTa Ha 3umyBawmTe dopmu duii ce
oTAens No-ronsiMo BHYMaHVe Ha OLeHKa-
Ta Ha OTAe/NHWTE eNeMEeHTU Ha NpPoAayK-
TUBHOCTTa, onpeaenawm obvsea, Nnpu us-
MEHSILLM Ce YC/MOBUS Ha OKo/HaTta cpega.
Cnopepq, aBTOpMTE BMCOYMHATA Ha pacTe-
HUATa B Hali-ronsiMa cTeneH oTpasssa
noTeHunanHata BeretatmsHa npoayKTvB-
HOCT, KaTo TO3U NpPU3HaK ce xapakrepu-
3Mpa C BUCOK KOeuUMEHT Ha Hacneas-
BaHe. CbliuTe aBTOpM Ca YCTaHOBW/IM
Ha/Imyme Ha BUCOKa MOMOXMTENHA Kope-
faumsa Ha BUCOYMHATA Ha pacTeHUETo
CbC cBexara 6uomaca Ha pacTeHueTo,
6pos NNCTeHLAa Ha CAOXHUA NIUCT U TAX-
HaTa wupouvHa. [pyru asTopu (Shtetinin,
2008; Zelenov, 2011) n3pasasBaTr MHeHNe,
ye Mpu Cb3haBaHeTO Ha HOBW COPTOBE
TpsibBa Aa ce 06bpHE NOBeYe BHUMaHUE
Ha 3aBMCMMOCTUTE MexXay Ko/muyecTse-
HUTE MpuU3HaUM Ha TrEeHOTUMHO HMBO U
0cobeHO Ha BpbB3KUTE Mexay rpynara
npusHauy, onpegenawm aafeH napame-
Tbp C onpejesieHa CTOMHOCT Ha Kopena-
LUMOHHUTE KOeULUNEHTH.

[eHeTUYHOTO CXOACTBO M oTAane-
YEHOCT Ha /IMHUMTE ca YCTaHOBEHU upes3
MepapxmyeH knbcTepeH aHaami3. OT
cpefHuTe CTOMHOCTM Ha wu3cnegBaHuTe
npu3Hauy e OCbLEeCTBEH KTbCTEpPeH
aHa/iM3 3a rpynvpaHe Ha nvHuiTe OoT
noasuaoBeTe striata u pannonica. Kato
MspKa 3a OTJa/IeYeHOCT e M3Mon3BaHo
eBKNNA0BO pasCcTosHve. PesynTtarbT oT
NPOBeAEHUAT aHan3 e NpeacTaBeH Ha
durypa 1 BbB BUg Ha geHpgorpama. W3-
Nnon3BaHeTO Ha AaHHWTe OT PEHOTUMHU-
Te MposiBM Ha reHoTunoeeTe puii no
OCHOBHUTE KOMMYECTBEHU Mpu3Haun e
0ocobeHO 6naronpuATHO nopagu o6CcTos-
TENCTBOTO, Ye B CENEKUMOHHMSA Mnpouec
ce BoaM oTbop Ha reHoTun no deHoTun.
IvHunte ca KkIbLCTEpU3MpaHn B [Be
OCHOBHM Tpynu.

in subspecies striata — by increasing the
number of branches (r=0.53).

Debely et al. (2011) reported that
at the present time, in the breeding of
wintering vetch forms, more attention was
paid to the assessment of the productivity
elements determining the vyield under
changing environmental conditions.

According to the authors, the plant height
reflected, in the greatest degree, the
potential vegetative productivity as this
trait is characterized by a high coefficient
of inheritance. The same authors have
found a high positive correlation of the
plant height with the plant fresh biomass,
the number of leaflets of the complex leaf
and their width.

Other authors (Shtetinin, 2008; Zelenov,
2011) expressed the view that when
developing new varieties, more attention
should be paid to the dependencies
between the quantitative signs at the
genotypic level and especially for the
relations between the group of traits
defining a given parameter with a certain
value of the correlation coefficients.

Genetic similarity and distance of
the lines were established by hierarchical
cluster analysis. From the mean values of
the studied traits was conducted
hierarchical cluster analysis for grouping
the lines of subspecies striata and
pannonica. As a measure for divergence
was used the Euclidean distance.

The result of the analysis was presented
in Figure 1 as a dendogram. The data
use of phenotypic manifestations of the
vetch  genotypes regarding main
quantitative traits is particularly favorable
due to the fact that it is being conducted
selection of genotype by phenotype in the
breeding process.
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Fig. 1. Dendrogram of the selected lines of vetch

MbpBarta rpyna BKIOYBa IVHUN Pas3nosio-
XEeHN B JonHata vacT Ha dwmrypaTta.
NuHuunte 2/63, 2/84 n 2/38 dhopmupar
nbpBaTa noarpyna v nposBsBarT CXof4-
CTBO MO Maca Ha pacTeHue, 6poii 6060Be
Ha pacteHne n macata Ha 1000 cemeHa.
Btopata nogrpyna Ha CbLMAT KIbCTEP
ce cbCTOM OT siMHUMTEe 13/85 mn 13/69,
KOMTO Ca reHeTMYHO CXOoAHW Mo Maca Ha
pacTeHune, BUCOYMHA Ha NbpBK 606, 6poli
6060Be Ha pacTeHume M maca Ha 1000
cemeHa. JlIuHus 13/69 e pasnonoxeHa Ha
Mo-BMCOKO HMBO OT MbPBOTO pasjeneHvie
B cpaBHeHue c 13/85, koeTo nokassa, 4ye
Mexay Te3n NUHAM uma U pasnuung,
Ob/nKaly ce Ha pasIMYHOTO PEHOTUMHO
NposiBJIEHNE Ha NpuU3HauuTe NPOAYKTUB-
HOCT Ha cemMeHa, 6poli paskK/oHEeHUs K
BMCOYMHA Ha pacTeHue.

Bropara knbcTepHa rpyna cbLio e
pasnpefesieHa B B OCHOBHU MOATPYMU.
MbpBara nogrpyna ce CbCTOM OT JINHUK
12/27, 2/17, 13/89 " 13/16.
OTHOCUTE/THOTO  TEHEeTUYHO  CXOACTBO
Mexay TAX Ce AOb/DKM Ha MNO-HUCKUTE
CTOMHOCTM Ha Maca pacTeHue, Opo

Lines were clustered into two main
groups. The first group included lines
located at the bottom of the figure. Lines
2/63, 2/84 and 2/38 formed the first
subgroup and exhibited similarity in terms
of plant mass, pods number per plant and
1000 seeds mass. The second subgroup
of the same cluster was composed of
lines 13/85 and 13/69, which were
genetically similar in plant mass, 1% pod
height, pods number and 1000 seeds
mass. Line 13/69 was located at a higher
level than the first division compared to
13/85, indicating that there are
differences between these lines due to
the different phenotypic manifestation of
seed productivity, number of branches
and plant height.

The second cluster group was also
divided into two main subgroups. The first
subgroup consisted of lines 12/27, 2/17,
13/89 and 13/16. The relative genetic
similarity between them was due to lower
values of plant mass, pods number per
plant, seed productivity and a medium
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6060Be Ha pacTeHue, CEMeHHa Npoayk-
TMBHOCT W CPefHO HMBO Ha Mpu3Haka
Maca Ha 1000 cemeHa. BbB BTOpara
nogrpyna ca BKIOYEHW AuvHuMM 12/56,
12/54, 12/77 v 12/37. TAxXHOTO pa3gene-
HMEe € Ha MHOr0 HUCKO HMBO, KOETO No-
Ka3Ba MHOTO ro/IIMO CXOACTBO, Ab/hKallo
ce Ha 6pos Ha pasknoHeHusATa, 6pos Ha
6060BeTe 1 BUCOYMHATA Ha MbpBU 606.

N3BOAN

AHanM3bT Ha BapuaHca nokassa
[oKa3aHn pasnuuua Mexay uscnefsaHu-
Te AMHMKM 1 nonynauun dnin, npuHagne-
Xawm kbMm nogsupgose striata  (Vicia
pannonica ssp. striata) n pannonica (Vicia
pannonica ssp. pannonica), N0 OTHOLUe-
HMe Ha JobKMB 3e/eHa n cyxa maca.

NvHuna 13/16 ce xapaktepusupa c
Hali-BMCcoK p[obuB 3eneHa maca (1.18
kg/mz) W NPeBBb3X0XAa CTATUCTUYECKU [0-
KaszaHO koHTponata Pisareska Panonska
(0.80 kg/mz). Mo pobuB Ha cyxata maca
Ce YCTaHOBABAT He3HaYUTE/THN pasnyus
Mexay NMHUMTE 1 nonynaumumTte uii.

Cnopep, koeULNEHTUTE Ha paHro-
Ba M NMHEWNHa Kopenauus, npu gopmmpa-
HETO Ha Cyxa Maca CbLUeCTBEHO 3Haue-
HWe nma npusHaka maca Ha 1000 cemeHa,
KakTo npu noasug, striata (rs=0.80; r=0.63),
Taka 1 npu noasua pannonica (rs=0.67;
r=0.71). Mpn NUHUMTE OT NOABMA pannonica
noBuvLIaBaHe Ha J06MB cyxa Maca MOXe
Ja ce nocTurHe 4pes yBenuyasBaHe Ha
ceMeHHaTa npoayktusHocT (r=0.54) n
XbTBeHUs nHaekc (r=0.45), a npu noasug,
striata — upe3 yBenMyaBaHe 06pos Ha
pasknoHeHusTa (r=0.53).

level of the trait 1000 seeds mass. In the
second subgroup, lines 12/56, 12/54,
12/77 and 12/37 were included.

Their division was at a very low level,
which shows a very large similarity, due
to the number of branches, pods number
and 1st pod height.

CONCLUSIONS

The analysis of variance showed
significant  differences  between the
studied vetch lines and populations
belonging to subspecies striata (Vicia
pannonica ssp. striata) n pannonica (Vicia
pannonica ssp. pannonica) in terms of
green and dry mass yields.

Line 13/16 was characterized b?/
the highest green mass yield (1.18 kg/m®)
and statistically significant exceeded the
control Pisareska Panonska (0.80 kg/mz).
Regarding dry mass yield, insignificant
differences between the vetch lines and
populations were established.

According to the rank and linear
correlation coefficients, in the dry mass
formation, an essential meaning had the
trait of 1000 seeds mass, in both
subspecies striata (rs=0.80; r=0.63) and
subspecies pannonica (rs=0.67; r=0.71).
In the lines of subspecies pannonica, an
increase of dry mass vyield can be
achieved by increasing the seed
productivity (r = 0.54) and harvest index (r
= 0.45), and in subspecies striata — by
increasing the number of branches
(r=0.53).
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PE3IOME

Mpe3 nepuopga 2007-2009 r. e
NnpoBefeHO NOJSIEBO NPOYyYBaHe CbC OCEM
copta nwuepHa: Epona (®paHums) wu
cegem Obarapcku: Mpucta 2,Mpucta 3,
Mpucta 4, O6HoBa 10, MNneseH 6, Japa n
MHoronncTHa. AganTuBHOCTTa U cTabun-
HOCTTa Ha Wu3cnegBaHUTE COPTOBE Ce
onpegenaT no OTHOWEHME Ha nokasartenu
3a noBpega ot Apion seniculus n Hsikon
OUOXMMWNYHN XapaKTEPUCTUKN. YCTaHoBe-
HO € CU/IHO B/IMSIHWE Ha reHoTuna, OKos-
HaTa cpefa v B3aVMOAENCTBUETO MeXAy
TAX BbPXY M3cnegsaHute npusHaum (4an
Ha pacTeHuss C yBpefeHun oT Apion
seniculus pacTeHwus, CTeENEH Ha noBpeje-
HM CcTbOMA, CbAbpXaHWe Ha CypoB MPOT-
€WH, CYpOBU B/IaKHVHU, pa3TBOPUMU 3axa-
pu 1 canoHunHn) npu nouepHa (Medicago
sativa L.). CopTbT MHOronmcTHa Moxe ga
Ce OTHece Bb3MOXHO Hai-65M30 Ao
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SUMMARY

During the period 2007-2009 was
conducted a field trial with eighth alfalfa
cultivars: Europe (France), and a seven
Bulgarian: Prista 2, Prista 3, Prista 4,
Obnova 10, Pleven 6, Dara and
Multifoliate. The adaptability and stability
of the tested cultivars were determined in
relation to damage indicators from Apion
seniculus and some biochemical traits. It
was found a highly significant influence of
the genotype, environment and the
interaction between them on the studied
traits (plants with damaged stems by
Apion seniculus, degree of damaged
stems, content of crude protein, crude
fiber, soluble sugars, and saponins) in
alfalfa (Medicago sativa L.).

The cultivar Multifoliate could be revolved
as close to the excellent type (bi=1.0),



naenHusa tmn redotun (bi=1.0), noaxoasiuy
3a OTrfiexjaHe BbB BCska cpefja WM 3a
CenekuMoHHn uenu. Toil ce onpegens
KaTo cTabusieH ¢ gobpa oT3NBUYMBOCT KbM
NPOMEHSLLMTE Ce YC/I0BUS Ha OKosiHaTta
cpefa, xapakrtepusupal, ce C BUCOKa
TONEpPaHTHOCT KbM A. seniculus n BUCOKO
CbAbPXaHNe Ha CypoB NPOTENH N pa3TBo-
pumn 3axapu. EBpona nposiBsiBa HecTa-
O6unHa peakuMs No OTHOLIEHWE Ha Aena
Ha noBpegeHu cTbba, HO COpPTbLT NpuTe-
XaBa no-ronsiMa aganTMBHOCT B Hebna-
ronpusiTHa cpefa ¥ Hucka CcTeneH Ha
nospega. EBpona ce knacudumumpaHa
Kato COpT C BWCOKa CTabuNHOCT U no-
[obpa afanTMBHOCT CMpPAMO CbAbpXa-
HMETO Ha CypoB NPOTEUH U CYPOBU Bflak-
HWHW, KaKTOo U CbAbPXaHWETO Ha BOAO-
pastBopuMM 3axapu. Mpucta 2 Moxe da
ce onpegesnv kato ctabuneH cnpsmo npo-
yuBaHMTE MokasaTenu ¢ gobpa 0T3vBYM-
BOCT KbM OKOJIHaTa cpefa.

Kntoyosu LyMu: nouepHa,
coptoBe, cTabunHocT, Apion seniculus,
BUOXMMUNYHM NoKasaTesim

yBO/[,

Cepvio3Ha TPYAHOCT Mpu oTrnexaa-
HEeTO Ha souepHa e onasBaHeto U OT
HacekoMHuTe HenpuaTenn. CTb610BUAT
X060THUK Apion seniculus e eguH oT
4YecTo cpellalmTe ce TBbPAOKPUAUTE
Hacekomu B nitoyepHoBust noces (Nikolova
and Georgieva, 2010; Nikolova and
Lecheva, 2010). OcHoOBHa Bpega HaHacsT
napBuTe, KOUTO Ce pa3BMBaT W XPaHAT
BbTpe B CTLOIOTO KaTO M3rpu3Bar TeceH
X04, N0 Ab/kKMHATa Ha cTbbnoTo. Xogo-
BETe ca pasnosioKeHU B NpMKOpeHoBaTa
yacT Ha CTb6/10TO, KbAETO TO Ce npeyyn-
Ba M n3cbxBa. B pesynTtar Ha noBpegata
HacTbnBa HeXeflaHo U3MEHEHWe B KOJu-
4ecTBOTO U Ka4yecTBOTO Ha dypaxa. Cop-
TbT KaTO MOLLHO CPeACTBO OKa3Ba B/US-
H/Ye BbpXy umMciieHocTTa M un3nosorny-
HOTO CbCTOSIHME Ha HenpuaTenuTe. Tone-
paHTHUTE COpTOBE MNOTUCKAT TAXHOTO
pasmHOXaBaHe, a u4yBCTBUTE/IHUTE TO
6naronpusatcteat (Camprag et al., 1996).

CopTtoBeTe, KOUTO € Heobxoaumo
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propitious for growing in any environment
and for breeding purposes. It was
determined as stable with good
responsiveness to changing environment-
al conditions, providing high tolerance to
A. seniculus and high content of crude
protein and soluble sugars.

Europe had an unstable reaction in regard
to damaged stem trait, but the variety
showed greater adaptability in an
unfavourable environment and a low rate
of damage.

Europe was classified as a cultivar with
high stability and better adaptability for
crude protein, crude fiber and soluble
sugar content.

Prista 2 could be defined as stable and
with good environmental responsiveness
to the studied traits.

Key words: alfalfa,
stability, Apion seniculus,
traits

cultivars,
biochemical

INTRODUCTION

A serious difficulty in alfalfa grown
is the protection from insect pests. Stem
weevil, Apion seniculus is one of the
commonly occurring beetle insects in the
alfalfa field (Nikolova and Georgieva,
2010; Nikolova and Lecheva, 2010).

The main damage is caused by larvae
which develop and feed inside the stem
by gnawing a narrow tunnel along the
stem length. The tunnels are located at
the bottom of the stem, where it refracts
and dries. As a result of the damage,
there is an undesirable change in the
forage quantity and quality. The variety as
a powerful tool affects the density and
physiological behavior of the insects.
Tolerant  varieties  suppress  their
reproduction, and susceptible ones favor
insect development (Camprag et al.,
1996).

Cultivars to be considered at



Ja ce pasrnexgar npv Henocnegosaresi-
HW U Henpeackasyemu KIMMaTUYHW YCrio-
BUSA, TpsbBa Aa Cce oueHsBaT B pasHo-
pOAHM floKauMm 1 ga ce pokaxart upes
TectoBe 3a cTtabunHoct (Kilic and
Yagbasanlar, 2010). geHTudnympaHeTo
N XapakTepusnMpaHeTo Ha CTabW/HW WU3TOu-
HALUM Ha PEe3NCTEHTHOCT KbM BaXHW He-
npuaTenu B 3apogMliHaTta naasma B pas-
JINYHW CpEeaM e CbLLO OT oMo 3HaYeHUe.

XapakTepucTuknTe 3a ctabuneH re-
HOTMMN ca KOMMNJIEKCHW, nopaju B3amMmo-
OelicTBUA MexXAay reHoTun X OKonHarta
cpefa (Alwala, 2010; Moghaddam et al.,
2013). Mopagn TOBa OCHOBHA LeNn Ha
Ce/IeKUNOHHNTE MporpaMyM € Haco4vyeHa
KbM Cb3faBaHe Ha COPTOBE CbC CTabws-
HA M YCTOWYMBM JOGMBM MpU PasIvyHU
YyCNoBMSA Ha OKosHata cpepa. Mo T03m
Ha4YMH ce M3non3eaT pas/IMYHU OTroBOPYU
Ha reHoTMNU Npu NPOMsHa Ha ycnosusATa
Ha OKo/sHaTa cpefja, 3a fda ce OueHu
cpeaHuaT gobve 1 aa ce naeHtTuguumpat
CTabunHW reHOTUNU C BUCOKU JO6GUBK U
TONEPaHTHN KbM WKOHOMWUYECKA BaXXHU
HenpuaTenm (Moghadam et al, 2012;
Tsegaye et al., 2012). Moxe pa ce
npveme, 4e B3aMMOLENCTBUSATA MEXAY
reHOTUM X OKOJIHaTa cpefia Ce Ab/DKN Ha
npeasnavMu N Henpegckasyemu edektu
(Allard and Bradshow, 1964). MMbpsute
eekTn ce Ab/xaT Ha Makpo-oKosHaTa
cpega, a nocnegHuTe ce Ab/xart Ha Temne-
patypa n mukpo-cpega (Abo-Hegazy, 2013).
B fonbsiHeHWe, aganTMBHOCTTA Ha cop-Ta e
pe3ynTaT oT HeroBaTa CTabUHOCT Npu pas-
nnyHn ycnosus (De Souza Goncalves et al.,
2003; Rasul et al., 2005; Sharma et al.,
2010; Moghaddam et al., 2011).

Pa3paboTeHn ca HSKOMKO cTaTtumc-
TMYECKM MeTofa 3a aHanu3 Ha cTabwn-
HocTTa. Mexay Te3n MeToAau Han-LnpoKo
ce msnonseart (bi) koeduumeHta Ha per-
pecus, (S2di) oTKNOHeHWe OT perpecus,
aHa/M3 Ha ajanTMBHOCTTa, aHau3 Ha
OCHOBHUSI koMnoHeHT (PCA), GGE biplot
aHanm3 u gp. (Yan and Holland, 2010;
Ukalski and Klisz., 2016; Georgieva and
Kosev, 2018).

MeToauTe 4ecTo ce M3nonseaT 3a
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inconsistent and unpredictable climatic
conditions should be evaluated in
multilocation trials and proved by stability
tests (Kilic and Yagbasanlar, 2010).

The identification and characterization of
stable sources of resistance to a major
insect pest in cultivare germplasm in
different environments are also important.

The features of stable genotype are
complex due to genotypexenvironment
interactions (Alwala, 2010; Moghaddam et
al., 2013). Therefore, the main purpose of
breeding programs is aimed to create
cultivars with stable and sustainable
yields under various environmental
conditions.

In this way, different responses of geno-
types to changing environmental conditions
are used to estimate the mean yield and
to identify high yield and stable genotypes,
which are tolerant to economically important
pests (Moghadam et al., 2012; Tsegaye et
al., 2012). It can be considered that the
genotypexenvironment interactions are due
to predictable and unpredictable effects
(Allard and Bradshow, 1964).

The former effects are due to the macro-
environment and the latter ones are
attributable to temperature and micro-
environment (Abo-Hegazy, 2013). In
addition, the adaptability of a cultivar
results from its stability under different
conditions (Sharma et al, 2010;
Moghaddam et al., 2011).

Several statistical methods have
been developed for stability analysis.
Between these methods, the most widely
used are (bi) the regression coefficient,
(S2di) deviation from regression, analysis
of adaptability, principal component
analysis (PCA), GGE biplot analysis and
others (Yan and Holland, 2010; Ukalski
and Klisz., 2016; Georgieva and Kosev,
2018).

Methods are often used for describ-



onuceaHe Ha edoekTTe OT B3auMogeii-
CTBMATA MeXxAy TreHoTMn X OoKoJjiHaTa
cpefa ycrnopegHo c¢ maeHTuduumpaHe u
npenopbyBaHe Ha CTabWHU reHOTUNOBE
B cenekymoHHute nporpamn (Villegas-
Fernandez et al., 2009; Rubiales et al.,
2014; Sanchez-Martin et al., 2014;
Georgieva and Kosev, 2016; 2017).
Llenta Ha ToBa u3cnegBaHe e Aa
Ce HampaBu OLEeHKa Ha B3anmMoaelicTBus-
Ta Mexgy reHoTun ¥ oKofHata cpefa Ha
oceM copTa /luepHa No OTHOLIEHWE Ha
To/lepaHTHOCTTa KbM Apion seniculus u
HAKOW BMOXMMMWYHM XapakTepucTUKN 1 da
ce yCTaHOBW TsixHaTa CTabWMHOCT KaTo Ma-
Tepuan 3a 6bAeLLn CENEKLUUOHHN NPOrpamu.

MATEPWNAN N METO4WA

MNpoyyBaHeTo e npoBeAeHO Mnpes3
nepuoga 2007-2009r. Ha OnNUTHOTO Mnone
Ha V®K, lMNMneseH, npn ectectseHa nomny-
naumoHHa NAbTHOCT Ha Apion seniculus
(Coleoptera: Curculionidae). OnutbT €
3a/10KEH MPU  HEMNOJSIMBHW YC/I0BUA, MO
6nokoBMAT MeTod ¢ 8 coprta: Espona
(®paHumn), cegem 6BArApPCKU: Mpucta 2,
Mpucta 3, MNpucta 4, O6HoBa 10, MNMneBeH
6, Japa n MHoronmMcTHa niouepHa.

BbB asa UubdpTex Ha nNbpBU
nogpact no crbbnara Ha pacTeHusTa e
oTuMTaHa CTeneHTa Ha nospega oT Apion
seniculus ypes3 HagTbXHO paspsi3BaHe Ha
cTbbn1ara n oTYMTaHe Hasimume Ha U3rpu-
3aH xof. V3BbpLIEeH e XMMUYEeCKn aHauns
N ca onpejesieHn: CypoB MNPOTEWMH — MO
meToga Ha Kjeldahl, cypoBn BnakHUHN —
no Weende meToga, CanOHWHM — MO
Jurzysta (1979) un BOAOpPA3TBOPUMMU
3axapu — no Ermakov et al. (1987).

MonyyeHuTe AaHHM ca 06paboTeHu
upe3 AByd)aKTOpeH AMCNEPCUOHEH aHa-
M3 3a BCEKM MpU3HaK 3a onpegensHe Ha
BNnsAHUETO Ha reHotunu (G), (E) cpean n
B3ammoJeiictBue reHotun-cpega (G x E).
OueHkata 3a eKkosiornyHa ctabuiHoCT Ha
n3cnefBaHvTe COpTOBE Ce N3BbPLUN Ype3
npunaraHe Ha cnegHute metoaun: Perpe-
CVOHeH aHanm3 — no Eberhart n Russell
(1966), B KOITO Cca N3YNC/IEHN PETPECUOH-
HUAT koedmumeHT (bi) n aucnepcus Ha
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ing the effects of genotypexenvironment
interactions along with identifying and
recommending stable genotypes in
breeding programs (Villegas-Fernandez et
al., 2009; Rubiales et al., 2014; Sanchez-
Martin et al., 2014; Georgieva and Kosev,
2016; 2017).

The object of this study was to
evaluate genotype x  environment
interactions of eight alfalfa cultivars in
regard of resistance to Apion seniculus
and some biochemical traits and to
establish their stability as a material for
future breeding programs.

MATERIAL AND METHODS

The study was conducted during
the 2007-2009 period in the Experimental
field of IFC, Pleven, Bulgaria at a natural
population density of Apion seniculus
(Coleoptera: Curculionidae). The trial was
laid out by the block method without
irrigation with 8 alfalfa varieties: Europe
(France), and a seven Bulgarian: Prista 2,
Prista 3, Prista 4, Obnova 10, Pleven 6,
Dara and Multifoliate.

In the flowering stage of the first
regrowth, the plant stems are evaluated
for the degree of openness seniculus
damage by a longitudinal incision of the
stems and reporting the presence of
gnawed tunnels. A chemical analysis was
carried out and were determined: a
content of crude protein Kjeldahl
method, crude fiber — Weende method,
saponins — Jurzysta (1979) and water-
soluble sugars — Ermakov et al. (1987).

The obtained data were processed
by two-factor analysis of variance for each
trait for determination of effects of
genotypes (G), (E) environments and
genotype-environment interaction (G x E).
The estimation of the ecological stability
of the tested cultivars was done through
the application of the following methods:
Regression analysis according to
Eberhart and Russell (1966), in which the
regression coefficient (bi) and the



perpecuoHHn OTKMOHeHuns (Si2); no Tai
(1979), (ai; Ai); Theil (1950), (T); aHanu3
Ha pgucnepcuaTa — cpefHa AucrnepcHa
komnoHeHTa (PP) no Plaisteid n Peterson
(1959); ekoBaneHTHOCT (W2) — no Wricke
(1965).

EkcnepumeHTanHuTe gaHHu ca obpa-
O0TEeHM CTaTUCTUYECKM C MoMmouiTa Ha
KOMMOTbPHUA codptyep GENES 2009.7.0
3a Windows XP (Cruz, 2009). /3BbpLieH
€ aHa/M3 Ha OCHOBHUTE KOMMOHEHTU
(PCA) n GGE 6unnot aHanms.

PE3SYNTATV N OBCBbXOAHE

FognHWUTE, Npe3 KoUTO e u3BefeH
onnTa, Ce Xapaxkrtepusupar CbC 3HaYUTES-
HO pasfnuMyasally ce B MeTEOPOsSIOTMYHO
OTHOWeHne ycnosusa. C Hali-Hucka ro-
OuwHa cyma Ha BasiexuTte oT 469.1 mm n
CcpefHOAEeHOHOLWHa TeMneparypa Ha Bb3-
ayxa ot 12.4 °C ce oTkposiea 2008. [oau-
HaTa ce OT/MyaBsa C Hail-ronemu 3acylua-
BaHuA. CyxuAT nepuof 3ano4ysa OT Cpe-
JaTa Ha Maii 1 npoab/pkasa [0 HavasoTo
Ha cenTemMBpW, KaTo Hal-NPOABb/HKUTENHN
ca 3acyllaBaHusATa npes3 1AM u asrycrt
(konnuecTBOTO Baviexu ca enga 31.5 un
17.1 mm, cbOTBETHO). Hail-gbxaoBHa 1
BflaKHa, KOHTpacTHa Ha npeaxofHarta
roguHa e 2009, npe3 koATO obwaTa cyma
Ha Banexute e ¢ 31% no-Bucoka. Haii-
MHOr0O BasieXu ca nafjHanu rfaBHO npes
IOHM — 95.5 mm n B cpaBHeHWe C npea-
XO[HUTE roAMHUTE ca 3HA4YMTEsIHO PaBHO-
MepHO pasnpegeneHn. MexaMHHO nosio-
XeHue 3aema 2007. PasnnumaTa B meTeo-
posIorMYyHMTE  YCNOBUA Mpe3 roauvHuTe
0OKa3BarT CbLLECTBEHO BNINSAHME KaKTO Bbp-
Xy pactexa 1 pasBUTMETO Ha PacTeHUATa,
Taka ¥ BbpXy nonynaumoHHata nabTHOCT
n Bpeda ot A. seniculus.

B Tabnuua 1 e npeactaBeH aHanM3
Ha BapuaHca Ha wuscnefsaHWTe B TOBa
npoyysaHe rokasarenun. YCTaHOBEHU ca
cTaTUCTUYEeCKM AokasaHu pasnukm (p<0.001;
P<0.05) 3a BCUYKM XapakTepuUCTUKUA MO
oTHoweHne Ha cpepgata (E), reHotunure
(G) n B3aMMOAEeNCTBNETO Ha reHoTUn X
cpefa, Kakto M y4acTMeTO Ha pasfinyHu
r€HHN CUCTEMW B TEXHUA KOHTPO/.
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variance of the deviations from regression
(Si2) were calculated; Tai (1979), (ai; Ai);
Theil (1950), (T); analysis of variance —
mean variance component (PP) according
to Plaisteid and Peterson (1959);
ecovalence (W2), Wricke (1965).

The experimental data were
processed statistically by using the
computer software GENES 2009.7.0 for
Windows XP (Cruz, 2009). It was
performed principal component analysis
(PCA) and GGE biplot analysis.

RESULTS AND DISCUSSION
Years of the study were
characterized by considerably different
meteorological conditions. The lowest
annual rainfall of 469.1 mm and average
air temperatures of 12.4 °C was found in
2008. The year had the greatest droughts.

The dry period began in the middle of May
and continued to the beginning of
September, and the most prolonged
droughts were in July and August (the
amount of rainfall was only 31.5 and 17.1
mm, respectively). The rainiest and wet,
contrasting to the previous year was 2009
when the amount of rainfall was 31%
higher. June was characterized with the
most rainfall (95.5 mm). They were
considerably evenly distributed compared
to the previous years. An intermediate
position had 2007 year.

Differences in weather conditions over the
years had an important impact on both
plant growth and development, and on the
population density and damage of A.
seniculus.

The variance analyses of
investigating traits in this study are
presented in Table 1. There were

statistically significant differences (p<0.001;
P<0.05) for Environments (E), Genotypes
(G) and genotype x environment
interaction of all characters which shows
the participation of different genetic
systems in their control.



Ta6bnuua 1. AHanuM3 Ha BapmaHca OTHOCHO CTalGWUIHOCT Ha u3cnegBaHUTe
npu3Haum rnpm coptoBeTe NouepHa 3a nepmoga 2007-2009
Table 1. Analysis of variance for stability for studied traits in alfalfa cultivars for

the period 2007-2009

CpefHa cyma Ha KBagpaTtuTe 3a nscnegsaHute npusHaum / Mean sum of squares for the traits studied

M3TOYHKK Ha MoBpeneHn CTteneH Ha Cyposn Pa3TBopum

Bapuauus 4f  Pactenus  nospesern cTb6na  CypoB NpoTeuH BITAKHUAHY n3axapn  CanoHuHu

Source of Damaged Rang of damaged Crude protein . Soluble Saponins

Variation plants stems Crude fiber sugars
Environments (E) 2 53893 288" 12 898 238" 139821762 2614101137 821147 20 882"
Genotypes (G) 7 587297 13914217 4133336 71474557  0.1981" 0.0545"
GxE interactions 14 1471 059™ 295538™ 945 991™ 24218987  0.2364" 0.0475"
Env/iGen 16 8023838 1870875 18305 463" 34795425 1047127  0.3026™
Env/Europe 2 880.39" 133.41" 1492.23™ 6405917  118444™  0.4624™
Env/Prista 2 2 945.97” 205.51" 1361.417 4308.07™ 904217  0.0484"
Env/Prista 3 2 391577 226.83" 2533.717 2664.137 1218197  0.3412"
Env/Prista 4 2 639.48" 194.53” 1924.68™ 264439 1217567  0.3364"
Env/Obnova 10 2 1024.33" 49.21” 1773.49" 3595.27" 86 164 0.3612"
Env/Pleven 6 2 1154417 94.09 2096.92™ 1842.21” 97804™  0.3892"
Env/Dara 2 997.33” 397.757 1359.01™ 4159.36™ 11617 0.0192"
Env/Multifoliate 2 385597 195.377 2102.92™ 2217.0™ 85189  0.4624"

Total

23

Legend//lereHpa: Environments (E) / OkonHa cpega; Genotypes (G) / F'eHotunu;
GxE interactions / B3anmopeiicTene mexgy okonHa cpefa v resotunu; Env/Europe / OkonHa cpepa / Espona;

Env/Prista 2 / OkonHa cpepa / Mpucta 2; Env/Prista 3 / OkonHa cpega / Mpucta 3; Env/Prista 4 / OkonHa cpepa /

MpucTa 4; Env/Obnova 10 / OkonHa cpepa / O6HoBa 10;

Env/Pleven 6 / OkonHa cpepa / NneseH 6;

Env/Dara / OkonHa cpega/ [Oapa; Env/Multifoliate / OkonHa cpega / MHoronucTHa
Significant at P=0.05 (*), **P=0.01, ***P=0.001; ns — not significant / [okasaHocT npu at P=0.05 (*), **P=0.01,

***P=0,001; ns — HAMa [0Ka3aHOCT

Mpu onpegensiHe ctabuaHocTTa Ha
JafleH copT, TOl We ce cuuta ctabusieH
3a BCEK/ NMapameTbp 3a NoBpefda, ako ce
OKaxxe cTabuneH No OTHOLLIEHNE Ha HUCKA
cpefHa CTOMHOCT Ha noBpefda, koedgu-
UMEHT Ha perpecust CnpsiMoO OKosiHaTta
cpefa paBeH Ha eguHuua (bi=1.00), 1 no-
HUCKO OTK/TIOHEHWNe Ha perpecus (S2di) ).

KoedhnumeHTbT Ha perpecuss Hapg
1,0 onucBa reHoTMnu C MO-BMCOKA 4yB-
CTBUTE/THOCT KbM MPOMSIHA Ha OKoJsiHaTa
cpepfa (nog cpefHata ctabuaHOCT) U no-
ronsMa cneuMguyHa aganTtyMBHOCT KbM
Cpeaun c Hucka cTeneH Ha nospepa. Koe-
domumeHT Ha perpecus nog 1.0 ocurypsisa
no-rofisMa ycTonuMBOCT KbM MpomMsHaTta
B OKofiHaTa cpefa (Hag cpepHata cra-
OGU/THOCT) M MO TO3U HauUH yBefMyaBa
crneundmyHaTa afanTuBHOCT KbM cpeau
C BMCOKa cTeneH Ha noBpega (Wachira et
al., 2002).

MoBpeaeHn pacteHusa: Hali-
BMCOKaTa OLEHKa 3a CTabu/IHOCT crnopeg,

To determine cultivar stability, it
would be considered stable for any given
parameter for damage if it appeared to be
stable as regards having low mean
damage trait, a regression coefficient one
over the environment’s (bi=1.00), a lower
deviation from regression (S2di).

Regression coefficient above 1.0
describes  genotypes  with  higher
sensitivity to environmental change
(below average stability) and greater
specificity of adapt to environments
related to lower damages. A regression
coefficient below 1.0 provides a
measurement for greater resistance to
environmental change (above average
stability), and thus increases the
specificity of adaptability to environments
related to high damages (Wachira et al.,
2002).

Damaged plants: The highest
evaluation of stability according to the
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KpuTepumTe Ha [BaTa MeToja 3a aHa/v3
Mo OTHOLUEHWE Ha TO3W nokasaTen npure-
xaBaTt [lNpucta 4 n [Japa, cnegsaHu ot
Mpucta 2 un Mpucta 3 (Tabnvua 2).
Mpucta 4 n [Japa ce oT/iMyaBar CbC
CpaBHUTENIHO HUCKa CTeneH Ha nospepg-
€HN pacTeHus 1 nposBaBaT no-gobpa
cneyndmyHa aganTMBHOCT CbOTBETHO
KbM Cpeau C HUCKa U BUCOKa CTEMNeH Ha
nospesa (Purypa 1a). N3cnegsaHuAT no-
KazaTen oTpassiBa B onpejesieHa cTenex
npegnoynTaHmsta Ha HenpuaTens Kb
npoyyYBaHUTE COPTOBE B pas/iMyHU cpe-
an. Hail-BaxHUAT Kkputepuii 3a yCTOM-
YMBOCTTA Ha COPTOBETE /IOLEPHA KbM
Apion seniculus e cTeneHTa Ha nospe-
JeHuTte cTbbna. lNpuunHa 3a TOBa €
pasnuuMeto B 6pos Ha cTbbnata Ha
€[HO pacTeHne nNpu OTAENHNTE COPTOBE.

CteneH Ha noBpefeHn ctbbna:
JlvHeliHaTa perpecus OTHOCHO cpefgHaTa
CTeneH Ha MoBpefeHo CTb6/1I0 Ha eaunH
COpT W cpefHaTa CTeneH Ha MoBpeAeHo
CTbO/I0 Ha BCWMYKM COPTOBE BbB BCAKA
cpefa e CBbp3aHO C  perpecuoHHU
koedmuymeHTn (bi cToliHoCcTM), Bapupalim
ot 0.24 po 1.68 (Tabnuua 2). Tosa
rofIIMO OTK/IOHEHUE B Koe(huUUEeHTUTE
Ha perpecus nokassa pas/iMyHn peakumm
Ha copToBeTe KbM MNPOMEHMTE B
OKOsHaTa cpefa.

criteria of both analysis methods in
regard to that trait have shown Prista 4
and Dara, followed by Prista 2 and Prista
3 (Table 2). Prista 4 and Dara are
distinguished by a relatively low degree of
damaged plants and exhibited greater
specificity of adaptability to low and high
damaging environments, respectively
(Figure 1a).

The studied parameter reflected a certain
extent the preference of the insect pest
for the studied varieties in different
environments. The main trait characteriz-
ing the degree of attack by the weevil
was the degree of damaged stems. The
reason for that was the difference in stem
number for the different varieties.

Degree of damaged stems: Linear
regression for the average damaged
stem of a single variety on the average
damaged stem of all varieties in each
environment resulted in regression
coefficients (bi values) ranging from 0.24
to 1.68.

That large variation in regression
coefficients indicates different responses
of cultivars to environmental changes.
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Tabnuua 2. OueHKa Ha napameTpuTe 3a afanTUBHOCT M CTaGWU/IHOCT Ha MokasaTenn 3a
noBpepa ot Apion seniculus U Ha Ha HAKON BUOXMMUYHU XapaKTEPUCTUKN NPU COPTOBETE

nouepHa

Table 2. Estimates of the adaptability and stability parameters for Apion seniculus
damage components and for some biochemical traits in alfalfa varieties

Copt Eberhart and Russell Tai Theil Plaisted and Peterson  Wricke
Cultivar bi s2di ai Al T PP Wi2

MoBpeaeHn pacteHus / Damage plant
Dara/fapa 1.22 0.46 ns 1.22 1.59 7.92 30.43 21.82
Europe/EBpona 0.72 353.08 rkk 0.72 606.34 -10.25 135.26 388.76
Multifoliate/MH. 0.72 22.25 rohk 0.72 38.83 -10.19 40.55 57.23
Obnova 10/OHoBa 1.21 24.45 rohk 1.21 42.99 7.72 37.02 44.93
Pleven 6/MNneseH 1.25 70.22 rkk 1.25 121.54 9.08 52.29 97.83
Prista 2/Mpucta 2 1.16 22.40 rohk 1.16 39.26 5.99 34.15 35.14
Prista 3/Mpucta 3 0.76 -0.01 ns 0.76 0.80 -8.75 31.61 26.14
Prista 4/Mpucta 4 0.96 12.89 il 0.96 23.47 -1.52 28.32 14.17
MoBpeaeHu cTbbna / Damaged stems
Dara/[lapa 1.68 8.37 rkk 1.560 6.596 10.04 15.3 21.82
Europe/EBpona 0.24 72.52 rohk 0.821 28.266 -32.14 10.29 388.76
Multifoliate/MH. 1.17 4.72 rohk 1.066 13.996 1.18 7.06 57.23
Obnova 10/OHoBa 0.58 2.51 rkk 0.538 2.858 -8.29 11.62 44.93
Pleven 6/lMneBeH 0.82 1.17 *x 0.761 0.697 -4.28 6.46 97.83
Prista 2/Mpucta 2 1.20 5.98 rohk 1.116 5.330 2.09 5.90 35.14
Prista 3/Mpucta 3 1.26 7.44 rkk 1.138 20.507 2.48 8.60 26.14
Prista 4/Mpucta 4 1.06 28.30 el 1.000 37.979 0.00 10.92 14.17
CypoB npoTeunH / Crude protein
Dara/[lapa 0.89 -2.46 ns 0.882 0.969 -7.00 20.27 15.77
Europe/EBpona 0.92 22.74 *x 0.912 42.132 -5.17 2.50 34.28
Multifoliate/MH. 1.04 158.17 rkk 1.033  270.467 1.97 60.88 162.90
Obnova 10/OHoBa 0.96 114.83 rkk 0.954 207.304 -2.69 50.68 119.90
Pleven 6/lMneBeH 1.08 1.22 ns 1.094 5.248 5.57 19.26 12.07
Prista 2/MpwucTa 2 0.89 -0.84 ns 0.881 4.650 -7.02 20.91 17.39
Prista 3/Mpucta 3 1.19 -2.75 ns 1.204 2.108 12.04 29.58 42.74
Prista 4/Mpucta 4 1.04 20.15 * 1.039 42.476 2.32 23.02 25.63
Cyposw BnakHuHu / Crude fiber
Dara/fapa 1.12 15.58 rohk 1.125 28.708 10.09 54.52 50.68
Europe/EBpona 1.37 185.43 rkk 1.369 319.449 29.85 178.14 483.57
Multifoliate/MH. 0.81 39.79 rkk 0.812 70.078 -15.18 73.66 117.75
Obnova 10/OHoBa 1.04 52.57 rohk 1.037 92.238 3.00 5.63 56.72
Pleven 6/MNneseH 0.75 0.64 ns 0.750 3.204 -20.19 79.37 138.00
Prista 2/MpucTa 2 1.14 30.46 rkk 1.142 54.480 11.47 61.65 75.58
Prista 3/Mpucta 3 0.87 127.87 rohk 0.869 221.379 -10.55 87.53 166.10
Prista 4/Mpucta 4 0.90 16.83 il 0.895 30.904 -8.49 52.05 42.00
Pa3TBOpuMUK 3axapu / Soluble sugars
Dara/[lapa 1.04 0.20 rkk 1,050 0,356 0,223 -0,230 0.22
Europe/EBpona 1.05 0.29 rkk 1,054 0,515 0,243 -0,202 0.31
Multifoliate/MH. 0.91 0.20 rohk 0,896 0,298 -0,467 -0,223 0.27
Obnova 10/OHoBa 0.90 0.02 ns 0,913 0,043 -0,389 -0,272 0.10
Pleven 6/MNneseH 0.98 0.01 ns 0,975 0,026 -0,113 -0,288 0.02
Prista 2/Mpucta 2 0.93 0.04 * 0,934 0,088 -0,297 -0,271 0.09
Prista 3/Mpucta 3 1.10 0.01 ns 1,090 0,024 0,401 -0,275 0.09
Prista 4/Mpucta 4 1.09 0.00 ns 1,089 0,023 0,400 -0,275 0.07
CanoHuHn / Saponins
Dara/[lapa 0.02 -2.50 ns -0.454 -0.153 -0.547 -0.296 20.72
Europe/EBpona 0.12 -2.50 ns 1.631 -0.028 0.237 -0.320 16.69
Multifoliate/MH. 0.12 -2.50 ns 1.631 -0.028 0.237 -0.320 16.74
Obnova 10/OHoBa 7.39 -2.46 ns 1.338 -0.008 0.127 -0.324 883.94
Pleven 6/lMneBeH 0.10 -2.50 ns 1.421 -0.012 0.159 -0.323 17.41
Prista 2/MpucTa 2 0.04 -2.50 ns -0.094 -0.089 -0.412 -0.309 19.97
Prista 3/Mpucta 3 0.10 -2.50 ns 12712 -0.004 0.102 -0.324 17.49
Prista 4/Mpucta 4 0.10 -2.50 ns 1.256 -0.003 0.096 -0.324 17

[okazaHoCT npu HMBO Ha BepoAaTHOCT 0.01(**), 0.001(***); ns — HAIMa fOKa3aHOCT
Significant at 0.01(**). 0.001(***) probability levels. ns — not significant
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CToiiHOCTMTE Ha MapameTpuTe 3a
CTabUIHOCT OTHOCHO CTerneHTa Ha nospe-
AeHn oT X0b60THMKa CcTbbna onpegenat
KaTo Hal-LUeHHUAT copT MHOrosmMcTHa
CblNIACHO pPEerpecuoHHNs aHaan3 Ha
Eberhart n Russell (bi=1.17), Tai (ai=1.066)
n Theil (T=1,18). MNpucta 4 (bi=1.06)
CbLLO € OLEeHeHa KaTo LLEHEH U cTabuneH
COpPT MO TO3M NpPU3HaK CbIACHO Nocoye-
HUTE TMO-TOPe PErpecMoHHN aHau3w.
MHoronmcTHa e Haii-cnabo npegnoynTaH
oT Apion seniculus (Hucka cTeneH Ha
nospefeHn ctbbna) (dPurypa 1b). Cop-
TbT NPOABABA BNCOKA TO/IEPAHTHOCT KbM
nospeauTe oT X060THMKA ¥ NposiBsBa No-
[obpa afanTMBHOCT BbB BCAKa cpeja.
EBpona e ¢ HecTabwieH Tun peakuus,
KOeTo npegnosiara npeanosiara Herogara
BMCOKa YYBCTBUTENHOCT KbM MNPOMEHS-
LMTe ce YC/I0BMSA Ha OKosiHaTa cpefa, Ho
COpTbT npuTexasa no-gobpa aganTuB-
HOCT B HebnaronpusiTHa cpefa M HUCHK
MPOLEHT Ha NOBpeaeHu cTbo/a.

MpucTa 4 ce nposiBsiBa KaTo ctabu-
NIeH COpT C OT3MBYMBA peakuums KbM
okonHarta cpega (bi =0.06). Mpwn MNneseH
6 perpecrmoHHns KoedmumeHT gobnmxa-
Ba 1 (bi=0.82), HO cOpTbT Ce oTnyaBar c
BMCOK MPOLIEHT Ha MOBpeAeHn cbbna u
cnaba aganTMBHOCT B HebnaronpusiTHa
cpepa. 3atoBa He ce MnpenopbyBa 3a
uennTe Ha cenekuusTa.

CypoB npoTeunH: MpunaraHeTo Ha
mMeTogonornite, paspaborteHn ot Eberhart,
Russell and Tai, noka3sa, 4e NOYTK BCUY-
KA TEHOTUMOBE MpOsiBABAT BMCOKa CTa-
6unHoct (bi=1), ¢ uskyeHne Ha Mpucta
3 (bi=1.19) (Tabnuua 2). Cpep TaX MHo-
ronnctHa m EBpona ce oTnyaBaT CbC
3HAUUTE/THO MO-BMCOKO OT CpeaHOTO 3a
onnTa CbAbpXaHWe Ha CypoB MPOTEUH,
KakTo 1 no-gobpa afanTyBHOCT BbB BCsKa /
Heb6naronpuaTHa cpean (Purypa 1c). Toea
O3HayaBa, 4ye copToBeTe ca CTabusHu,
LUMPOKO afanTupaHn U LeHHU 3a LenmTe Ha
cenekuuata. Mo TO3M nokasaten gpyrute
COpTOBE NpWeMat CTOWHOCTW, MO-HUCKM OT
cpefHaTa TakaBa W ce MposiBsiBaT Karto
UyBCTBUTENHM  KbM  MPOMEHsAWWTE  ce
YC/I0BMS HA OKOSTHAaTa cpeja.

The values of parameters of
stability of damaged stem by the weevil
according to regression analysis of
Eberhart and Russell (bi=1.17), Tai
(ai=1.066) and Theil (T=1,18) defined as
the most valuable Multifoliate cultivar.
Prista 4 (bi = 1.06) was marked out as
valuable and stable on this trait too on the
above-mentioned regression analyzes.

Multifoliate was the least preferred of
Apion seniculus (low rate of damaged
stems) (Figure 1 b). The variety was
highly tolerant to weevil damage and
showed better adaptability in any
environment. Europe had an unstable
reaction, suggesting its high sensitivity to
changing environmental conditions, but
the variety showed greater adaptability in
an unfavourable environment and a low
rate of damaged stems.

Prista 4 manifest itself as a stable
variety with good responsiveness to
environmental conditions (bi=0.06). In
Pleven 6 the regression coefficient
approached 1, but the variety was
distinguished by a high percentage of
damaged stems and poor adaptability in
an unfavorable environment. Therefore,
that genotype was not recommended for
selection purposes.

Crude protein: Applying the
methodologies developed by Eberhart
and Russell, and Tai demonstrated that
almost all genotypes had a high stability
response (bi=l) excluding Prista 3
(bi=1.19) (Table 2). Among them,
Multifoliate and Europe were distinguish-
ed by a considerably higher crude protein
content than the average value, as well
as better adaptabilty in any /
unfavourable environments (Figure 1c).
That implied that varieties were stable
and widely adapted and valuable for the
selection. Other varieties of that trait had
a value lower than the average one and
exhibited a sensitive reaction to changing
environmental conditions.
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CypoBu BnakHuHU: CopToBeTe
npuTexasaT pas/iMyHa peakuus Ha cTa-
OUIHOCT CNPSIMO CbAbPXAHMETO Ha Cy-
POBM B/IAKHWHU, KATO BUCOKOTO CbAbpXa-
HUe e HexenaH coptoB 6ener. CTabuaHu
no Eberhart and Russell , Theil, Plaisted
n Peterson n Wricke, ¢ perpecnoHeH
KoedmymeHT, cnabo npesuwasauw, 1 (bi
Bapupa ot 1.04 go 1.14) ca O6HoBa 10,
[apa un MNpucta 2 (Tabnuuya 2). CopToBe-
Te NposiBABAT NO-BNCOKA YYBCTBUTETHOCT
KbM MPOMSIHA B OKOJlHaTa cpega W no-
ronsMa cneuMguyHa aganTtMBHOCT KbM
cpepa, GnaronpusATcTBalla BUCOKO Cb-
AbpXaHve. BnakHUHHWTE KOMMOHEHTU
npu TSX 3HA4YMTENIHO MpEeBULLABaT cpefn-
Hata CTOMHOCT, [OKaTo NPOTEUMHOBOTO
CbAbpPXaHne e noj CcpefHOTo 3a CopTo-
Bete (durypa 1 ¢ u d). MHOronmMcTHa u
Mpucta 4 ca ¢ kKoePUUNEHTBLT Ha perpe-
cua nog 1.0, KoeTo ocurypsisa no-ronsima
YCTOMYMBOCT KbM MPOMsSHa B OKOJHaTa
cpefa (Hap cpefHarta CTabunHOCT) M Mo
TO3M HauuH yBe/nnyaea creyudmyHaTa
afanTMBHOCT KbM  HUCKO  B/lTaKHWHO
cbabpxaHue B cpepute (Purypa 1 d).
MHoronnctHa 1 EBpona ce oTnnyasaT ¢
Hali-HUCKN CTOMHOCTU MO TO3M Nnokasarers.

BopgopastBopMun 3axapu: JInHeii-
HaTa perpecusi OTHOCHO CpefHOTO Cb-
ObpXaHve Ha BOAOPAa3TBOPUMM 3axapu
Ha e4uH COpPT W Ha BCUYKM COPTOBE BbB
BCSKa cpefia € CBbpP3aHO C pPerpecrmoHHM
KoedMLUMeHTH, Bapupawy B MUHUMasIHA
rpaHvum ot 0.90 pgo 1.10 (Tabnuua 2),
KOETO MoKasBa MHOr0 CXOHM peakuun Ha
COpTOBETE KbM MPOMEHMTE B OKOJHaTa
cpepa. CopToBeTe ce nposiBsBaT KaTo
CTabunHyW, HO npuTexasaT pas/nyHa
afanTMBHOCT. MHorosmcTHa u lMpucta 2
ca no-OT3UBYMBU NPU HebnaronpusaTHU
YCNOBMSA Ha rojuHata, kaTo ce OoT/au-
YyaBarT U C Hali-BMCOKO 3axapHo CbAbpXa-
Hue (durypa le). MNneeeH 6 u Lapa ce
XapaktepusupaT Cc no-gobpa aganTus-
HOCT CbOTBETHO BbB BCsAKa M B 6Garo-
npuaTHa cpepa, a EBpona — cbc cpegHa
aganTMBHOCT B GnaronpusaTHa cpega.
CbrnacHo kputepuute 3a ANCMEPCUOHEH

Crude fiber: The varieties had a
different stability reaction to the contents
of crude fiber, and the high level is an
undesirable varietal mark. According to
the regression analysis of Eberhart and
Russell, Theil, Plaisted and Peterson,
and Wricke as stable cultivars with a
regression coefficient slightly exceeding 1
(bi varied from 1.04 to 1.14) were defined
Obnova 10, Dara and Prista 2 (Table 2).

Varieties showed higher sensitivity to
environmental change and greater
specificity of adaptability to environments
related to high fiber content. Their fiber
components considerably exceeded the
average value while the protein content
was below the average for the varieties
(Figure 1 c and d). Multifoliate and Prista
4 had a regression coefficient below 1.0,
which provided greater resistance to
environmental change and thus
increased the specific adaptability to
environments related to low fiber content
(Figure 1d). Multifoliate and Europe were
characterized by the lowest values for
that indicator.

Water-soluble sugars: Linear
regression for the average on the
average content of water-soluble sugars
of a single variety on the average of all
varieties in each environment resulted in
regression coefficients ranging in a
minimum diapason from 0.90 to 1.10
(Table 2). That indicated very similar
responses of cultivars to environmental
changes.

Multifoliate and Prista 2 are more
responsive under unfavorable conditions
of the year and are distinguished by the
highest sugar content (Figure 1e). Pleven
6 and Dara are characterized by better
adaptability, respectively, in any and in a
favorable environment, and Europe — with
medium adaptability in a favourable
environment. Because of the criteria of
dispersion analysis, these cultivars were
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aHan3, Te3n COpToBE Ce XapakTepusu-
pat kaTo cTtabwiHM KU TAXHaTa B3auMHa
KOMOMHauMs MoXe pfa ce npenopbya
nopagu passmyHaTa MM peakums KbM
NPOMEHSLLUTE Ce YCNOBUS.

CbrnacHo aHanM3bT Ha eKonoruy-
Ha cTtabunHocT no Eberhart and Russel
Mo OTHOLWIEHME CbAbPXAHWETO Ha cano-
HWHW, MPOY4YBAHUTE COPTOBE CE€ OLEHS-
BaT KaTo HectabunHu (Tabnuua 2). Tesu
COpTOBE Ca HEeYyBCTBUTENHN KbM NpoMe-
HUTE B OKOSIHaTa cpega n umat cnaba
ajantauus 3a HebnaronpuaTHa cpega.

B cenekuyuAata Ha pacTeHuATa,
Korato uenta e pga ce nog6epar wam
npenopbyaT reHoTunu 3a OTIeXaaHe,
noApo6HOTO M3c/edBaHe Ha B3auMogen-
CTBMETO MeXAOy FeHOTUNUTE U OKosiHaTa
cpega € 0T WUSK/IUMTENIHA BaXKHOCT.
durypa 2 npefctaBs epekTuTe Ha OKoJl-
HaTa cpeja BbpXy Aefna Ha NoBpefeHnTe
OT X060THMKa cTbb6Ma. OCHOBHUTE KOM-
noHeHTn PC1 n PC2 onpepensar CcboT-
BETHO 76.9% 1 23.1% oT obuwaTa Bapua-
uus, NpuUYMHEHa OT B3auMOAEeNCTBUETO
MeXay COpT M OKoMHa cpefa. XOpW3oH-
TasiHaTa OC onucBa CTeneHTa Ha nospe-
JeHun cTbbna, a BepTukasiHaTa oc nokas-
Ba cToiHocTuTe Ha PCLl. Konkoto no-
BMCOKa € abcosnTHaTta CTOMHOCT Ha
PC1, To/nkoBa Mo-BUCOKA € CTOMHOCTTa
Ha B3aMMOAENCTBNETO MEXAy reHoTun X
cpepa. CopToBeTe ca Hail-Masiko ctabun-
HM B eKoslornyHa cpega 3 (Hai-BrMcokara
abconoTHa cTolHocT Ha PCl). Hali-
BUCOK AN Ha noBpefeHu cTbbna ca Ha-
6n104aBaHy Npy reHoTUNK, PasnookeHu
B cpefa 2, a Hali-HUCbK — B cpega 1.

characterized as stable and their mutual
combination can be recommended due to
their different responsiveness to the
changing conditions.

According to the ecological stability
analysis of Eberhart and Russel for
saponin content, the studied varieties
were assessed as unstable (Table 2).
These cultivars were insensitive to

environmental changes and had low
adaptation for poor environments.

In  plant breeding, when the
purpose is to select or recommend

genotypes for planting, a detailed study of
the interaction between genotypes and
environments is of extreme importance.

Figure 2 showed the effects of the
environment on the proportion of
damaged stems by the weevil. The
principal components of PC1 and PC2
determined the 76.9 and 23.1%
respectively of the total variation, caused
by the interaction of cultivar and
environment. The  horizontal axis
describes the damaged stems, and the
vertical axis shows the values PC1. The
higher the absolute value of PC1, the
higher is the value of genotype x
environment interaction. The cultivars
were least stable in ENV 3 environment
(the highest PC1 absolute value). The
highest mean damage was observed in
the genotypes in the environment 2, and
the lowest — in the ENV 1 environment.
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Fig. 2. The GGE biplot based on damaged stems (2007-2009). The years are
designated with the ENV and number 1; 2; and 3 for 2007, 2008 and 2009

GGE 6unonTt nokasea, 4e MHoro-
JINCTHA e Hali-ToNepaHTHUAT KbM MoBpe-
ANTe Ha XO060THWKA COpT U uma Hali-
HMCKa CTOMHOCT Ha TO3M nokasaTten no
abcuucHarta oc. Toi nposiBsiBa ctabunHa
peakuusi KbM NPOMEHUTE Ha OKosiHaTa
cpefa v e LeHeH OT cenekumoHHa rnegHa
TOuka. YcTaHoBeHO, ye EBpona e pgpyr
COpT, CbWoO cnabo npegnoumTaH oT A.
seniculus (C Mo-HWCKa CTOMHOCT Ha no-
BpeAeHn cTbba), HO TOl NposiBsBa cne-
uuchmyHa aganTuMBHOCT, T.e. Aobpa agan-
TMBHOCT B Cpefa, B KOATO Ce Hamupa.
CtabuneH u C HUCKa CTOWHOCT Ha
noBpefeHn oT X0boTHUKa CTbba e copT
Mpucta 2. CtabunHn ¢ abCoNTHN CTOM-
HocTW, 6nm3kn o 0 no opauHaTHaTa oc
ca lMNpwucta 3, MNneBeH 6 n O6HoBa 10, HO
copToBETE Ca CW/IHO YYBCTBUTESIHU Ha
rnoBpefa v He ca LEeHHW Npu Cenkuusa 3a
TOMEPAHTHOCT KbM TO3M HenpuAten. B
CbOTBETCTBME C TAXHATA TOMEPAHTHOCT,
copToBeTe morart ga 6bAart nogpeneHn B
cnepgHata nocnegoBaTenHocT: Mpucta 3
< O6HoBa 10 < lneBeH 6 < [Oapa <
Mpucta 4 < Tpucta 2 < EBpona <
MHoronmcTtHa.

GGE biplot revealed that
Multifoliate was the most tolerant among
the studied cultivars and had the lowest
value of this indicator on the horizontal
axis. It exhibited a stable response to
environmental changes and is valuable
for breeding program. It was established
that Europe was another variety, low
preferred by A. seniculus (with a lower
parameter of damage stem), and it had
specific adaptability, i. good adaptability
in an environment where was located.
Slightly sensitive with low value of the
damaged by the weevil stems was variety
Prista 2 too. Stable with absolute values
close to 0 on the ordinate axis were
Prista 3, Pleven 6 and Obnova 10, but
were highly susceptible to damage and
they did not valuable for breeding
programs on A. seniculus tolerance. In
accordance with their tolerance, the
cultivars can be arranged in the following
sequence: Prista 3 < Obnova 10 < Pleven
6 < Dara <Prista 4 < Prista 2 < Europe <
Multifoliate.
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N3BOAN
v YCTaHOBEHO € CW/THO B/IUSIHNE Ha
reHOTUM, OKOSIHA cpefja W B3auMogeir-
CTBMETO MeXAy TSAX BbpXy M3cnefBaHuTe
npu3Haum (481 Ha pacTeHus C NOBpeaeHM
oT Apion seniculus cTbb6nia, cTeneH Ha
noBpefeHn CcTbbna, CbabpXaHWe Ha
CYpOB  MPOTEWH, CYPOBU  BJIAKHWHWU,
pasTBOpMMMK 3axapy W CanoHUHW) Npu
nouepHa (Medicago sativa L).
v CopTbT MHOronmMcTHa Moxe aa ce
OTHece Bb3MOXHO Haii-61130 Ao naenHus
Tmn  redotun (bi=1.0), nogxopnsuw, 3a
oTrnexgaHe BbB Bcska cpepa. Toid ce
onpegens kato ctabuneH ¢ gobpa oT3uB-
YMBOCT KbM NPOMEHSLLMTE Ce YCNOBUS Ha
OKO/HaTa cpeja, xapakrepusupall ce ¢
BMCOKa TOMIEPaAHTHOCT KbM A. seniculus n
BMCOKO CbAbpXXaHNe Ha CypoB MPOTEWH U
pasTBOpPMMM 3axapu.
v EBpona nposiBsiBa HecTabunHa
peakumusi N0 OTHOLLEHWEe Ha dena Ha no-
BpefeHn cTbba, HO nNpuTexasa no-rons-
Ma ajanTMBHOCT B HebnaronpusaTHa cpe-
Ja N Hucka cTeneH Ha nospega. CopTbT
ce knacugmumpaHa ¢ BMcoka cTabunHocT
1 no-gobpa aganTUBHOCT CNPSMO CbAbP-
X@aHMETO Ha CypoB MNPOTEWH, CYPOBM
B/IaKHVHMW U BOAOPA3TBOPUMM 3axapu.
v Mpucta 2 moxe fda ce onpegenuv
Kato cTabuneH cnpsaMo npoyyBaHuTe
nokasarenu c pobpa OT3MBYMBOCT KbM
oKosHaTa cpefa.

CONCLUSIONS
v It was found a highly significant
influence of the genotype, environment
and the interaction between them on the
studied traits (plants with damaged stems
by Apion seniculus, degree of damaged
stems, content of crude protein, crude
fiber, soluble sugars, and saponins) in
alfalfa (Medicago sativa L).

v The cultivar Multifoliate could be
revolved as close to the excellent type
(bi=1.0), propitious for growing in any
environment. It was determined as stable
with good responsiveness to changing
environmental conditions, providing high
tolerance to A. seniculus and high content
of crude protein and soluble sugars.

v Europe had an unstable reaction
in regard to damaged stem ftrait, but the
variety showed greater adaptability in an
unfavorable environment and a low rate of
damage. Europe was classified as a
cultivar with high stability and better
adaptability for crude protein, crude fiber
and soluble sugars content.

v Prista 2 could be defined as
stable and with good environmental
responsiveness to the studied traits.
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PE3OME SUMMARY
CbabpXaHUeTo Ha NiacTUAHU Nur- The content of plastid pigments is

MEHTW B NUCTHaTa Maca e nokasaten 3a | an indicator of the reaction of plants to
peakuusTa Ha pacTeHusTa KbM NpoMeHu- | environmental changes and  their
Te B OKO/MHata cpefja M Ha TaAxHaTa | adaptation to environmental conditions. In
ajlanTauus KbM ekonormyHute ycnosus. | the case of damage caused by insect
Mpn noBpegu, HaHeCeHW OT HacekoMHu | pests, the plants develop some
HenpuaTenu, pacTeHnsiTa pa3BmuBart HKom | compensatory and adaptive mechanisms
KOMMEeHCcaToOpHM 1 aganTuBHM MexaHnsmu, | to reduce the negative impact. In the
KOUTO HamasiaT HeraTMBHOTO BAMsHME. B | present study, an analysis of the
HacTosiata paspaboTka e wu3BbpueH | dependence of the content of plastid
aHa/IM3 Ha 3aBMCMMOCTTA Ha CbAabpxa- | pigments and the relationship between
HMEeTO Ha niacTUAHU NUTMEHTU U CbOTHO- | them of the variety, the age of the plants
WweHuATa mexay Tax B 3aBucumocT oT | and the damage on the root system of the
copTa, Bb3pacTTa Ha pacTteHuaTa u no- | alfalfa longhorn beetle larvae was
Bpejara OT napsuTe Ha nouepHoB ceuko. | performed. It has been found that the
YcTaHOBEHO €, Ye BbpXy cbAbpxaHueTo | content of pigments (chlorophyll a,
Ha nurMmeHTn (xnopodmn a, xnopodwun b, | chlorophyll b, carotenoids) in the alfalfa
KapoTuHouan) B /ucTHata wmaca Ha | leaf has been influenced by the age of the
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nouepHarta, okassa B/MSHWE Bb3pactTa
Ha pacTteHusTa, kato O6LL0TO NMUIMEHTHO
CbAbpPXaHWe HaMassBa C HanpegBaHe Ha
Bb3pacTTa Ha nocesute. CopTbT (,[1neBeH
6", ,Mpucta 3", ,MHoronucTtHa 1”) He okas-
Ba CbLLECTBEHO B/IUSIHNE HUTO BbPXY Cb-
AbpXaHMeTo Ha x1o0pounnTe N Kapotu-
HOMAWTE, HUTO BbPXY CbOTHOLIEHMETO
mMexgy TAX. OTYEeTEeHO € MOBULIEHO Cb-
ObpXaHve Ha nNacTUAHU MUTMEHTU Mpu
pacteHuss ¢ noBpefeHa OT NOLEPHOB
CeyKo KopeHoBa cuctema cnpsmo 3gpasu,
KOETO MOXe fAa Ce Ob/DKM Ha KOMMeHca-
TOPEH MEexXaHU3bM Ha JuepHata npu
HanageHve oT HeNpuATEN.

KntowoBn agymun: xnopodun  a,
xnopodmn b, kapoTMHOMAW, NHOLEPHOB
ceuko, Plagionotus floralis, nouepHa,
Medicago sativa

yBO/[,

MornbwaHeTo 1 TpaHcdopmaums-
Ta Ha C/bHYeBaTa eHeprus OT 3esieHnTe
pacTeHus ce OCbLUECTBSIBA Ype3 MUIMeH-
TUTe xnopodmn a, xnopocpun b n kapo-
TuHonan. OCHOBHM MUIMEHTK, yYacTBaluu
BbB (poTOCMHTE3aTa ca xsiopoduai a n b,
a KapoTMHOMAMTE ydyacTBaT Kakto B Mo-
rMbllaHeTo Ha CBeT/MHaTa, Taka W B
npegnassaHe Ha xnopodmna oT ¢oTo-
OKuC/eHue.

CbAbpXaHNeTO Ha MNUIMeHTn B
fmcTarta Ha pacTeHuaTa ce NPoMeHs Mo
OEVCTBMETO Ha pas/iMyHn  akTopu
OCBETEHOCT Ha pacTeHuaTa, B/VSHWE Ha
xepbuumnam (Marenco et al., 1994), 6onec-
™M (Berova et al, 2007), 3acywaBaHe
(Velinova et al., 2008), npomMeHU B MUHe-
pPa/THOTO XpaHeHe, BUCOKU U HACKW Temne-
patypy, MuHepasiHa TOKCUYHOCT, Mpo-
MuLNeHo 3ambpcaBaHe (Kerin et al.,
1997) n gp.

OcBeH T0OBa, CbOTHOLLEHVETO MEX-
Ay xnopodun a n xnopocun b B Hagsem-
HWTE OpraHu LUMPOKO Ce U3MNos3Ba KaTo
paHeH WHOMKATOP Ha CTapeeHeTo Ha
pacteHusaTa (Congming et al.,, 2001).
CbOTHOLIEHNETO Mexay xaopodwmnn wu
KapoTMHOUAW € YyBCTBUTE/IEH MHAMKATOP
3a OKUCAWUTESIHO YBpexpgaHe, Tbil KaTo
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plants, with the overall pigment content
decreasing with the aging of the crops.

The variety (,Pleven 6", ,Prista 3"
»Mnogolistna 1") did not have a significant
effect on the content of chlorophylls and
carotenoids nor on the ratio between
them. An increased content of plastid
pigments in plants with an alfalfa
damaged root system in relation to
healthy plants has been reported, which
may be due to the alfalfa compensation
mechanism, in the case of attack by
pests.

Key  words: chlorophyll  a,
chlorophyll b, carotenoids, alfalfa
longhorn  beetle, Plagionotus floralis,

alfalfa, Medicago sativa

INTRODUCTION

The absorption and transformation
of solar energy by green plants is
accomplished by the chlorophyll a,
chlorophyll b and carotenoids pigments.
The main pigments involved in
photosynthesis are chlorophyll a and b,
and carotenoids are involved in both light
absorption and chlorophyll protection from
photooxidation.

The content of pigments in the
leaves of plants changes under the
influence of various factors plant
illumination, herbicide influence (Marenco
et al.,, 1994), diseases (Berova et al.,
2007), droughts (Velinova et al., 2008),
and such as changes in mineral nutrition,
high and low temperatures, mineral
toxicity, industrial pollution (Kerin et al.,
1997) and others.

Furthermore, the ratio between
chlorophyll a and chlorophyll b in the
above-ground organs is widely used as an
early indicator of plant aging (Congming
et al, 2001). The ratio between
chlorophylls and carotenoids is a sensitive
indicator of oxidative damage, as
chlorophylls are sensitive to oxidative and



xnopopuamte ca  UYyBCTBUTE/IHM  Ha
oKMCNUTENHO U (DOTO yBpexpjaHe, a
KapoTuHouamTe ca aHTuokcuaaHTu (Kerin
et al., 1997; llieva and Vasileva, 2016).

JIIoLEepHOBUAT CEYKO e eauH oT
OCHOBHWUTE HenpuATenu Mo wuepHaTa.
BpenAatr napsuTe, KOUTO ce pasBuBaTr B
KOpeHUTe Ha HanagHatuTe JioLepHOBU
pacTeHus, KaTo U3rpussBar nouTu uanara
UM BBTPELUHOCT OT WuitkaTa go 5-10 cm
Hafony n U3NbABAT XOA0BETE CbC CTbP-
rotuHu. MNoepeauTe OT flapBuTe BOAAT [0
paspexjaHe Ha nocesuTe, HamasnaBar
KO/IMYEeCTBOTO M KAYeCTBOTO Ha oypaxa,
Kakto nm pgobusa Ha cemeHa, Bnowasat
KauecTBOTO Ha CeJIeKLMOHHUTE MaTepuanu
(Makarov, 1968; Kemenesy and Manninger,
1968; Nikolova and Kertikova, 2008).

Llenta Ha HacToALLOTO U3cnensaHe
e [a ce onpefeny CbAbpXaHWETO Ha
nNacTUAHU NUIMEHTU U CbOTHOLLeHUuATa
Mexay TAX W copTa, Bb3pacTra Ha
pacTeHussTa 1 nospejara OT NnapsBuTe Ha
NOLLEPHOB CEYKO.

MATEPVAJT N METOOU

EkcnepumeHTanHaTa pabota e
n3BbpLLeHa npes nepuoga 2010-2015r. B
onutHoto none Ha W3C ,06pa3yos
yncpnuk” - Pyce. XMMUYHUTE aHaNu3n ca
HanpaseHn B nabopatopuata no 6moxu-
Musa Ha N3C ,,06pa3yos ungnuk” - Pyce.

Tabnuyal. Cxema Ha rnosICKUTe onuTun
Table 1. Scheme of field trials

illumination damaging, and carotenoids
are antioxidants (Kerin et al., 1997; llieva
and Vasileva, 2016).

The alfalfa longhorn beetle is one of
the main pests of alfalfa. The larvae
damage that develop in the roots of
attacking alfalfa plants and gnawed
almost all of their internal part from the
root neck to 5-10 cm down and filling it
with sawdust. Damages from larvae lead
to rarefaction of the crops, reduce the
quantity and quality of the fodder, and the
yield of seeds, degrade the quality of the
breeding material (Makarov, 1968;
Kemenesy and Manninger, 1968;
Nikolova and Kertikova, 2008).

The aim of the present study is to
determine the dependence of the content
of plastid pigments and ratios between
them on the variety, the age of the plants
and the damage of the alfalfa longhorn
beetle larvae.

MATERIAL AND METHODS

The experimental work was carried
out during the period 2010-2015 in the
experimental field of IASS "Obraztsov
Chiflik" - Rousse. The chemical analyzes
were made in the laboratory of
biochemistry of IASS "Obraztsov Chiflik".

FognHal/Year Bb3pacT Ha niouepHaTta/Age of alfalfa

1 BapuaHT/1 variant 2 BapuaHT/2 variant 3 BapuaHT/3 variant
2010 centba/sowing
2011 2-rogmwHa/2 years old centba/sowing
2012 3-roguwHa/3 years old 2-rogvwHa/2 years old centba/sowing
2013 4-rognwHal/4 years old 3-rognwHa/3 years old 2-rogmwHa/2 years old
2014 4-ropuwiHal/4 years old 3-roguwiHa/3 years old
2015 4-ropuwiHal/4 years old

3a u3Nb/HeHWe Ha 3ajadvara ca
npoBefeHn napLesHi onuTu ¢ Tpy copta
nwouepHa: lneseH 6", ,lMpucta 3" u
-MHOrosimctHa 1” Ha Bb3pacT OT efHa [0
4yeTupu roguHN.

3a pa ce ocurypm Heobxoaumara
[OCTOBEPHOCT Ha NonyyeHnTe pesyntatu

For the implementation of the task
field trials with three alfalfa cultivars were
carried out: ,Pleven 6", ,Prista 3" and
-Mnogolistna 1”"aged one to four years.

In order to provide the necessary
reliability for the effects of the alfalfa age
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3a B/IMAHMETO Ha Bb3pacTTa Ha noLep-
Hata BbPXY CbAbPXaHWETO Ha nnactug-
HA NUIMEHTW, OTAENIHUTE BapuaHTu ca
3acsABaHn B TpW nocfefosaTtesiin rogm-
HU: NbpBM BapuaHT — npe3 2010, BTopwn
BapuaHT — npe3 2011 n TpeTn BapuaHT —
npes 2012 r. (Tabnuua 1). Bcekn Ba-
pvaHT BK/IOYBa cenTba Ha TpuTe copTta —
J1neseH 6", [Mpucta 3" n ,MHoronMcTHa
1", BCeKM eamnH OT TAX B 4 MOBTOPEHUSA
(onuTHKU napuenu) npu mexaypenuve 12,5
cm. OTAenHWTe napuesnn u BapnaHtu Ha
onuTa ca pPasnosioXeHN Mo nepneHamKy-
nsapHua metog (Shannin, 1977; Dimova
and Marinkov, 1999).

Bcska rognHa npes meceL, OKTOM-
BpM [0 MbpBaTa MosioBUHa Ha HOEMBpMU,
OT 4-Te NOBTOPEHUS (ONUTHUTE NapLenn)
Ha BCekM copT npe3 nepuoja Ha un3-
cfleflBaHeTO, Ca M3BaxAaHu pacTeHuATa
oT 0,25 m* Ha abnoéounHa 15-20 cm un
KOpeHWTe Ha BCUYKM pacTeHus ca aucek-
TMpaHu npu nabopaTopHU YCNOBUA 3a
ycTaHOBsiBAHE Ha Ha/muve WM OTCbC-
TBME Ha NoBpeja OT slapsa Ha JloLepHOB
ceyko. J/luctHa maca OT 34pasu 1 nospe-
[eHV pacTeHus e npegocraseHa B nabo-
patopus no 6uoxnmua 3a onpeaensHe Ha
CbAbpXaHMeTo Ha  xnopocwmn  a,
xnopocun b u kapoTuHongm.

CbAbpXaHNeTo Ha nNaacTUaHU nur-
MEHTU e ornpefenieHo B pa3TBop Ha aue-
TOH no MeToga Ha Mac Kinney (1941) n
Arnon (1949). N3mepBaHUATa Ha EKCTUH-
KuMATa ca M3BBPLUEHN Ha CnekTpodoTo-
MeTbp Cnekon 11.

Cratuctnyeckatra ob6bpaboTka Ha
JaHHWTe e u3BbpLUeHa CbC CONTYEPHUA
naket STATISTICA 13.1 (Mitkov, 2011).

PE3YJITATU N OBCBXXOAHE
B Ta6nuua 2 ca npeacrtaBeHn pe-
3ynTatute OT U3BLPLUEHWTE aHan3n 3a
CbAbpPXaHNEeTO Ha Xsiopodhna a, X/10po-
¢dun b n kapotuHomagm npu Tpu copTa
NoUepHa, OT eAHOroANLIHN, ABYTOANLLIHN,
TPUrOAMLLIHN N YETUPUTOAULLHM pacTeHus,
KakTo npu 34paBu, Taka U npu Tesn C
nospega no KopeHoBaTa cUCTeEMa, HaHe-

CeHa 0T /lapBUTE Ha NIOLLEPHOBUS CEUKO.

on the content of plastid pigments, the
different variants are sown in three
consecutive years: first variant — 2010,
second variant — 2011 and third variant —
2012 (Table 1).

Each variant includes sowing of the three
varieties — ,Pleven 6", ,Prista 3" and
-Mnogolistna 1", each of them in 4
replications (experimental plots) at a
spacing of 12.5 cm. The individual plots
and variants of the experiment are
located perpendicularly (Shannin, 1977;
Dimova and Marinkov, 1999).

Every year in the autumn, from
October to the first half of November,
from the 4 replicates (experimental plots)
of each variety during the study period,
the plants of 0.25 m?® were removed at a
depth of 15-20 cm and the roots of all
plants are dissected in laboratory
conditions for the establishment of
presence or absence of damage to larvae
of alfalfa longhorn beetle. A leaf of
healthy and damaged plants is provided
in a biochemistry laboratory to determine
the content of chlorophyll a, chlorophyll b
and carotenoids.

The content of plastid pigments is
determined in acetone solution by the
method of Mac Kinney (1941) and Arnon

(1949). The extinction measurements
were performed on a Speccol 11
spectrophotometer

Statistical data processing

performed with the software package
STATISTICA 13.1 (Mitkov, 2011).

RESULTS AND DISCUSSION

Table 2 presents the results of the
analyzes of the chlorophyll a, chlorophyll
b and carotenoids content in three alfalfa
varieties in one, two, three and four years
old plants, both in healthy and those with
root system damages from larvae of
alfalfa longhorn beetle.
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3a crtaTuctuyeckata o6paboTka e
npoBefeH TPUAAKTOPeH eKCNepUMEHT,
KaTo pakTopbT A € COpT NKLepHa, KONTo
ce u3MeHsi Ha Tpu HuBa (al — ,lneBeH 67,
a2 — ,Mpucta 3", a3 — ,MHoronucTtHa 17).
dakTopbT B — Bb3pacT Ha pacteHusATa ce
M3MEHA Ha 4eTMpu HuBa: bl -
efHoroavwHn, b2 — agyroguwHu, b3 —
TpuroguwHu, b4 — yeTnpurogmHm pacrte-
Hua. Paktop C mma paBe HuBa: cl —
34paBu pacTeHusi, c2 — Cc noBpega oT
NlapBy Ha NIOLEPHOB CEYKO MO KOPEHOBa-
Ta cuctema.

For the statistical analysis, a three -
factor experiment was carried out, the
factor A being alfalfa variety, which is
changed to three levels (al — ,Pleven 67,
a2 — ,Prista 3", a3 — ,Mnogolistna 17).
Factor B — plants age is changed to four
levels: bl — one-year, b2 — two years, b3 —
three-years, b4 — four-years-old plants.
Factor C has two levels — cl1 — healthy
plants, c2 — with lesions of larvae on the
root system.

Tabnuua 2. CbabpxaHue Ha NAacTUAHU MUTMEHTU MpW 34paBU U MOBpeAeHn oT
NlapBU Ha MIOLEPHOB CEYKO JIIOLEPHOBU pacTeHus, Mpu Tpu copTa JtoLepHa, npes

yeTnpute rognHn Ha Beretauns

Table 2. Content of plastid pigments in healthy and damaged by alfalfa longhorn

beetle larva in three alfalfa

lants during the four years of vegetation

3apaswn/

Xnopodwmn b/

Xnopodwmn (a+b)/

Xnopodwmn a/ KapotuHongmn| Xn.a/Xn.b

Copt Bb3pact |loBpeneHu Chlorophyll ; KapoTtuHounau

Varizty Age HeF:aIt€'1y/ Chloroophyll a, b,p Y Carotoen0|ds, Chl.a/Chl.b ChIoFophyII (aA+b)/

Damaged % % % Carotenoids

bl 0.167 0.063 0.061 2.65| 3.77
b2 c1 0.167| 0.064 0.043] 2.61 5.37|
b3 0.161] 0.060 0.044] 2.68 5.02

a1 b4 0.141 0.049 0.051 2.88] 3.73
bl 0.199 0.081] 0.075] 2.56| 4.10
b2 - 0.182 0.072 0.058| 2.40 5.33
b3 0.150 0.059 0.044] 2.85 4.61
b4 0.151 0.049 0.055] 3.06) 3.76
bl 0.174 0.068| 0.059 2.39 4.18
b2 1 0.173 0.072 0.046| 2.41 4.83
b3 N 0.174 0.061] 0.051] 2.46| 5.00

22 b4 0.156) 0.051] 0.055| 3.10 3.67
bl 0.181] 0.078| 0.055] 2.46| 3.73
b2 2 0.179 0.070 0.052] 2.53 4.38
b3 N 0.163 0.068 0.048] 2.54 4.75
b4 0.154 0.049 0.055] 3.08 3.64
bl 0.165 0.069 0.056| 2.32 4.71
b2 0.181] 0.075| 0.053] 2.56| 4.79
b3 cl 0.160 0.065| 0.045| 2.40 4.81

3 b4 0.158 0.051] 0.057| 3.14 3.69
bl 0.170 0.067| 0.050) 2.54 4.74
b2 o2 0.212 0.091 0.066| 2.33] 4.59
b3 0.165 0.069 0.045] 2.39 5.20
b4 0.165] 0.047| 0.060] 3.51 3.53
OT Wu3BbLPLIEHMA ANCNEPCUOHEH From the dispersion analysis

aHanm3 (Tabnuua 3, 4, 5) ce BMxaa, ye
Hali-CUTHO B/IMSIHUE BbBPXY CbAbpXa-
HMETO Ha NUIMEHTU OKa3Ba Bb3pacTTa Ha
pacTeHusiTa. BnuaHWeTo Ha copTa He ce
[loka3Ba upe3 npoBegeHuss aHanus. Pas-

carried out (Table 3, 4, 5), it can be seen
that the greatest influence on the pigment
content is the age of the plants. The
influence of the variety is not evidenced
by the analysis. Differences in the content
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NMKaTa B CbabpXaHueTo Ha xnopodgun a | of chlorophyll a was demonstrated at
ce pgokasea npu p=0,0986 (Tabnuua 4), a | p=0.0998 (Table 4) and chlorophyll b at
Ha xnopodwmn b npu p=0,082 (Tabnuua 4). | p=0.082 (Table 4).

Tabnmuya 3. [McnepcuoOHEeH aHa/In3 Ha CbAbpXaHWeTo Ha xnopodwmn a (%), B
3aBMCUMOCT OT COpTa, Bb3pacTTa W noBpejaTa OT flapBaTa Ha JIlOLEepPHOB CEYKo
NIOLLEPHOBU pacTeHus

Table 3. Dispersion analysis of chlorophyll a content (%), depending on the variety,

age and damage of alfalfa longhorn beetle larva of alfalfa plants
Effect EaHohakTopeH TecT 3a 3HauMMOCT 3a xsiopodoun a/
Univariate test of significance for chlorophyll a,%
Cywma Ha kBagpaTuTe | CTeneHu Ha cBo6oaa MS F BeposTHocT
SS Degr. of freedom P

Copt/Variety 0.0002 2| 0.0001| 0.88 0.4295
Bb3pact/Age 0.0029 3| 0.0009| 8.17 0.0013
3ppasw/MoBpenexn
Healthy/ Damaged 0.0003 1| 0.0003| 3.02 0.0986
Error 0.0020 17| 0.0001

Tabnuua 4. OUCnepcuUOHeH aHa/IM3 Ha CbAbpXaHueTto Ha Xxsiopodun b (%), B
3aBMCUMMOCT OT COpTa, Bb3pacTra U noBpeaarta OT sapBaTa Ha JII0LEPHOB CeYKOo
NIOLLEPHOBU pacTeHus

Table 4. Dispersion analysis of chlorophyll b content (%), depending on the variety,
age and damage of alfalfa longhorn beetle larva of alfalfa plants

Effect EfHoakTopeH TecT 3a 3Ha4YMMOCT 3a xsiopodpun b/
Univariate test of significance for chlorophyll b,%
Cywma Ha kBagpatute | CTeneHu Ha cBoboga MS F BeposATHoCT
SS Degr. of freedom P
CopT/Variety 0.0000 2 0.00004 1.306 0.296|
Bb3pacT/Age 0.0021] 3] 0.00072] 21.981 0.000
3apaswu/ToBpeseHn
Healthy/Damaged 0.0001 1 0.00011 3.425 0.081]
Error 0.0005 17| 0.00003

Tabnmuya 5. OUCNEPCUOHEH aHa/IM3 Ha CbAbpPXaHMETO Ha KapoTuHoman (%), B
3aBNCMMOCT OT COpPTa, Bb3pacTrta M nosBpefarta OT slapBaTa Ha JIIOLEPHOB CeYKO
NouepHOBU pacTeHus

Table 5. Dispersion analysis of carotenoids content (%), depending on the variety,
age and damage of alfalfa longhorn beetle larva of alfalfa plants

EfHOChaKTOpeH TeCT 3a 3HA4YMMOCT 3a KapoTuHouAan
Univariate Tests of Significance for carotenoids, %
Cyma Ha kBagpatuTe | CTeneHun Ha cBo6oja MS F BeposTHocT

Effect SS Degr. of freedom P
Coprt/Variety 0.000009 2| 0.000005| 0.11 0.895
Bb3pacTt/Age 0.000552 3| 0.000184 | 4.41 0.018
SApasu/TIoBpeAeH 0.000074 1| 0.000074| 1.76 0.201
Healthy/Damaged
Error 0.000709 17 | 0.000042

OT [JaHHUTE npejcTaBeHW Ha From the data presented in Figure

durypa 1, moxem fa HabnogaBame Ha-
MansiBaHe Ha KO/IMYeCTBOTO Ha XJ/1I0po-
dun a n xnopocpun b ¢ ysenmyaBaHe Ha
Bb3pacTTa Ha pacTteHuaTa. lpu cboT-
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1, we can see a decrease in the amount
of chlorophyll a and chlorophyll b by
increasing the age of the plants. At the
chlorophyll a ratio to chlorophyll b, an



HOLIEHNETO Ha XI10podnl a ChnpsiMo
xnopocmn b, ce oTunTta nosuIaBaHe
npu vetTvpuroguiHMTEe pacteHuns. CboT-
HOLUEHNETO MeXAy CbAbpPXaHWeTo Ha
X/I0POCHNIN N KapOTMHOMAWN Ce MoBuMLIA-
Ba [0 TpeTaTa rogmHa Ha uscnegBaHeTo,
JokaTo npe3 4yeTBbpTaTa cnaga. Ab/mxu
Ce Ha MOHWKXEHOTO KOSIMYECTBO XJ/10pO-
b M NO-BMCOKOTO CbAbPXaHWE Ha
KapoTMHoMAay, KOeTo € rokasaten 3a
HacCTbNBALLOTO CTapeeHe Ha pacTeHusTa.

Vertical bers darcte 0% carfiderce intenvels
02

Q19

BRI
N

Q14

increase in the four years old plants was
reported.

The ratio between the content of
chlorophylls and carotenoids rises to the
third year of the study, while in the fourth
year — drops. It is due to the reduced
amount of chlorophylls and the higher
content of carotenoids, which is an
indicator of the aging of the plants.
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dur. 1. 3aBUCUMOCT Ha CbAabpXaHueTo Ha xnopodwun a (%), xnopodun b (%),
KapoTuHougn (%), OTHOWEHUETO X/aopodusl  a/xsopopun b U OTHOLWEHMETO
(xn.a+xn.b)/kapoTnHongn B 3aBUCUMOCT OT Bb3pacTTa Ha pacTeHunATa (bl-b4)

Fig. 1. The content of chlorophyll a (%), chlorophyll b (%) and carotenoids (%), as
well as the ratio of chlorophyll a / chlorophyll b, (chl.a + chl.b)/carotenoids in relation
of the age of plants (b1-b4).
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JaHHuTe Ha durypa 2, nokassar
noBuLLaBaHe Ha KonmyecTBaTa Ha nur-
MEHTUTE NpWU NOBpPEeLEeHW OT flapBu Ha
NIOLEPHOB Ceyko pacteHus. CboTHOLLe-
HUATaA Mexay nurmeHTuTe obade ca no-
HUCKM NpW HanagHatuTe, B CpaBHeHWe
CbC 34paBuUTe pacTeHus.

Vertical bers derote 0,96 carfidarce intenvels

The results presented in Figure 2
show an increase in the amount of
pigments in damaged by alfalfa longhorn
beetle larvae plants. However, the
proportions of pigments are lower in the
attacked than in healthy plants.

Vertical bers dencte 0,96 carficence intervels
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npv 34paBu (c;) U NOBPeAEHN OT flapBaTta Ha JII0LLEepPHOB CEUKO (C,) pacTeHus

Fig. 2. The content of chlorophyll a (%), c
as the ratio of chlorophyll a /chlorophyll

hlorophyll b (%) and carotenoids(%), as well
b, (chl.a + chl.b)/carotenoids in healthy (c,)

and damaged by alfalfa longhorn beetle larva (c,) plants

OT paHHuTe B Tabnvua 6 ce BUX-
fa, ye koepmumeHTMTe Ha Bapuauus Ha
NUrMEHTHOTO CbAbpXaHue npw nospege-
HW pacTeHus ca Mo-BMCOKM OT Te3n npu

From the data in Table 6 it can be
seen that the coefficients of variation of
the pigment content in damaged plants
are higher than those in healthy ones,
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34paBK, KOETO O3HayaBa MO-BUCOKO
BapupaHe Ha pesyntatute. OT Tabnuua
6 n durypa 2 e BMAHO MNOBULLABaHE Ha
HMBaTa Ha xsopodun a, xnopogun b un
KapoTvHOugN. ToBa BEPOSATHO CE Ob/IKM
Ha KOMMNEeHCaTOpPEeH MeXaHN3bM Ha pacTe-
HUSTA, HACOYEH KbM YCKOpsiBaHE Ha Npo-
ueca Ha poTOCMHTE3a U Haco4yBaHe Ha
acumuiaTh KbM MOBpefeHaTa KOpeHoBa
cuctema. TakmBa KOMMEHCATOPHU Mexa-
HM3MK Ca OnucaHu B M3crefBaHusaATa Ha
pasnuuHmn aBTopu (Rubia et al., 1996;
Fikru et al., 1999; Anikin et al., 2017).

which means higher variance of the
results. From Table 6 and Figure 2, there
is observed an increase in chlorophyll a,
chlorophyll b and carotenoid levels. This
is probably due to a plant compensation
mechanism aimed at accelerating the
photosynthesis process and directing
assimilates to the damaged root system.
Such compensatory mechanisms are
described in the studies of some authors
(Rubia et al., 1996; Fikru et al., 1999;
Anikin et al., 2017).

Tabnuua 6. OnucaTesiHM CTaTUCTMKM Ha CbAbPXaHMETO Ha NMUTMEHTU Ha 34paBu
NioLepHoBM pacTeHust (Cl) U pacTeHus NOBPeAeHM OT flapBU Ha fOLEPHOB

ceuko (c2)

Table 6. Descriptive statistics of the pigment content of healthy alfalfa plants (c,)

and damaged by alfalfa longhorn beetle larva plants(c,)

Variety 3apasw/MoBpeneHn N CpegHo| MegnaHa |MuHUMyM[Makcumym CranaapTHo| KoedpuumenT

; L . OTK/IOHEHWE| Ha BapupaHe

Copt Healthy/Damaged Mean Median | Minimum | Maximum SD cV
Xn.a/Chl.a 121 0.165 0.166) 0.141 0.181 0.011 6.435]
Xn.b/Chl.b 12| 0.062 0.063 0.049 0.075 0.008 13.531
KapotuHongu/
Carotenoids 12  0.052 0.052 0.043 0.061 0.006 11.830
Chl.a/ Chl.b 120 2.672 2.632 2.391 3.098 0.250 9.341)
Xn.(a+ b)/
KapoTtuHonaw/
Chl.(a+b)/ 12|  4.447 4.393 3.667| 5.370 0.652 14.667
Carotenoids
Xn.a/Chl.a 12 0.173 0.168 0.150 0.212 0.019 11.031
Xn.b/Chl.b 121 0.067| 0.069 0.047| 0.091 0.014 20.441
Kaporuronan/ 12| 0.055 0.055|  0.044 0.075 0.009 15.987
Carotenoids )
Xn.a/Xn.b c
Chl.a/Chlb 12| 2.650 2.533 2.321 3.511 0.381 14.381
Xn.(a+ b)/
KapoTtuHonaw/
Chl.(a+b)/ 12| 4.380 4.650 3.533 5.200 0.573 13.075
Carotenoids

B Tabnuuya 7 ca nokasaHu pas/nu-
KATE B MUTMEHTHOTO CbAbPXaHNE MEXAY
noBpefeHn n 3gpaBn pactenns. OT gaH-
HWUTE, NPEeACTaBEHN B Hesl, ce 3abens3sa,
ye HanagHatTuTe OT JILEPHOB CEYKO
pacTteHusi, maT MO-BUCOKO CbAbpXaHue
Ha xnopocun a cpegHo ¢ 4,67%, Ha
xnopocmn b — ¢ 6,32%, a Ha KapoTu-
Houan ¢ 7,09%, kato KO/M4YecTBOTO Ha
NArMEHTUTE nNpW 34paBu pacTeHus e
npueto 3a 100%. CbOTHOLWEHUATA MEeX-

Table 7 shows differences

in

pigment content between damaged and
healthy plants. From the data presented
in it, it is noticeable that the plants
infested with alfalfa longhorn beetle
larvae, had higher chlorophyll a content
on average of 4.67%, chlorophyll b by
6.32% and carotenoids — 7.09 %, in
comparison with the amount of pigments
in healthy plants being assumed to be
100%. Pigment ratios show a slight
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4y NUTMEHTUTE rMokassBaT He3HauuTesieH
cnag ot 0,98% un 0,93%.

OTgenHuTe coptoee pearvpar no
pasfinyeH HauyuH, KaTo OT JaHHWUTe Mnoka-
3aHM B Tabnuua 7, MoxeM ga npeagno-
JIOXXMM MO-CU/IHa peakuns Ha CopToBeTe
L 1neseH 6” n ,MHoronmcTtHa 1”, npu Kou-
TO ce Habnwgasa Mo-rofsMo ysesnunye-
HWe Ha niacTugHuTe MUIMeHTW, B cpas-
HeHune cbe copT ,lMpucta 3”. Hali-cunHo e
NMPOMEHEHO KOMIMYECTBOTO Ha MUIMEHTU-
Te Npu e4HOTOAMLWHN 1 ABYrOAMLLIHN pac-
TEeHWs, [0KaTo Npu Mo-Bb3pacTHUTE pac-
TEHNss Te3n MPOMEHW ca B MNO-Masiku
rpaHunumn.

Tabnumuya 7. CbabpkaHMe Ha xnopodun a, xaopogun b,

decrease of 0.98% and 0.93%.

Individual varieties responded in a
different way, from the data shown in
Table 7, we can assume a stronger
reaction of the ,Pleven 6" and
.Mnogolistna 1" varieties, where there is
a higher increase of plastid pigments
compared to ,Prista 3".

The pigment quantity of the one year and

two years old plants are higher, while in
older plants, these changes are smaller.

KapoTHouan u

CbOTHOLLEHNA MeXAy TAX B J[IIOLEPHOBM pacTeHUs MoBpedeHW OT apBu Ha
NIOLLEPHOB ceuko B % cnpsimo 3apasu (c2-cl)
Table 7. Content of chlorophyll a, chlorophyll b, carotenoids and their ratios in alfalfa

plants damaged by alfalfa longhorn beetle larvae in % relative to healthy (c2-c1)
CopT Bb3pacT| Xnopodmn a|Xnopocwn bKapoteHonan Xn.a/xn.b (c2-cl) [Xn.(at+b)/kapoTeHonan
Variety Age (c2-cl) (c2-c1) (c2-c1l) |Chl.a/chl.b (c2-c1), %) (c2-cl)
Chlorophyll a|Chlorophyll bl Carotenoids Chl.(a+b)/carotenoids,
(c2-c1),% | (c2-c1),% | (c2-cl), % %
MneseH 6 bl +19.16% +28.57| +22.95 -7.32 -0.99
Pleven 6 b2 +8.98% +12.68 +34.88 -3.28 -18.45
b3 -6.83 -1.67| +0.00 -5.25 -5.43
b4 +7.09 +0.00 +7.84 +7.09 -2.39
Mpucta 3 bl +4.02 +14.71] -6.78 -9.31 +14.81
Prista 3 b2 +3.47 -2.78 +13.04 +6.42 -10.09
b3 -6.32 +11.48| -5.88] -15.97 +4.44
b4 -1.28 -3.92 +0.00 +2.75 -1.93
MHoronucTHa 1 bl +3.03 -2.90 -10.71 6.11 13.44
Mnogolistna 1 |pb2 +17.13 +21.33 +24.53 -3.47| -4.95
b3 +3.13 +6.15 0.00] -2.85) +4.00
b4 +4.43 -7.84 +5.26 +13.32 -3.64
CpegHo +4.67| +6.32 +7.09 -0.98 -0.93]
Average
N3BOAN CONCLUSIONS

1. Bbpxy CbAbpXaHNETO Ha MUIMEHTH
(xnopodpnn a, xnopodun b, KkapoTuHoOU-
AV) B CTHaTa mMaca Ha fouepHa, okas-
Ba B/IMSIHME Bb3pacTTa Ha pacTeHusTa.
O6WOTO NMUIMEHTHO CbAbpXaHue Hama-
NsiBa C yBe/iM4YaBaHe Ha Bb3pacTTa Ha
nocesure.

2. B npoBegeHnTe ekcnepumMeHTun, U3nu-
TaHuTe copTtoBe (,MneBeH 6”, ,Mpucta 3,
».MHOronmctHa 1) He oka3BaT CbLUECT-
BEHO B/IUSIHWE HUTO BBbPXY CbhAbpXaHue-

1. The content of pigments (chlorophyll a,
chlorophyll b, carotenoids) in the alfalfa
foliage is affected by the age of the plants.
The total pigment content decreases as
the crop age increases.

2. In the experiments carried out there is
no significant differences either on the
content of chlorophylls and carotenoids or
the ratios between them of the tested
varieties  (,Pleven 6", ,Prista 3"

105



TO Ha X/10poduan 1 KapoTUHOUAN, HUTO
BbPXY CbOTHOLLUEHNETO MeXAY THX.

3. OT4eTeHO € NOBULLEHO CbAbpPXaHWe Ha
xnopodmn a, xnopodun b, kapotuHonam
npu pacTeHns ¢ noBpefeHa oT NILEPHOB
Ceyko KopeHoBa cucTema, cnpsmo 3gpa-
B/. CblLL0 Taka pesynTatute npu nospe-
JEeHUTe pacTeHuss BapupaTr Mo-CUJHO,
KOETO ce Ab/DKM BEPOSITHO Ha CTeneHTa
Ha yBpexgaHe. [MOBULLIEHOTO CbAbpXa-
HME Ha MUIMEHTU Ce Ab/MKU Ha KOMMEH-
CaTOpeH MeXaHM3bM Ha ftouepHarta, npu
HanageHve oT HenpuaTesnu.

»Mnogolistna 1").

3. An increased content of chlorophyll a,
chlorophyll b, carotenoids was reported in
plants with damaged root system by the
alfalfa longhorn beetle larvae, in
comparison to healthy. Also, the results
for damaged plants vary more strongly
probably due to different degree of
damage. The increased pigment contents
are a result of the alfalfa compensation
mechanism, in the case of attack by
pests.
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