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PE3OME

MpoyyBaHeTo e HanpaBeHO Mpes3
nepuopa 2014-2016 r. B ONUTHOTO Mone
Ha WHcTMTyT no uapesuuara-KHexa.
O6eKT Ha u3scnegsaHe ca xmopugure: KH-
517 ot rpyna 500-600 no ®AO u rbctoTa
5500-6000 p/da n KH-613 oOT rpyna Hapg
600 no ®AO n rectoTa 5200-5700 p/da.

LapeBuuyata e oTrnexgaHa npu
KOHTpO/SiIeH BapuaHT 6e3 TopeHe (To)
ABe HuBa Ha TopeHe: NgsPs4Kss (T1) M
N17P10,8K12,8 (Tz) I'IpVInO)KeHa € Bb3npue-
Tara 3a palrioHa arpoTexHuka.

3a xubpug KH-517 n rbctota 5500
p/da v npun nBeTe HMBaA Ha TopeHe Ty u T,
[OBGMBBLT Ha eHeprua ce ysenuyasa C
26%. 3a rbctota 6000 p/da, ToBa YyBe-
nnuyeHune e 30% 3a TopeHe € NgsPs 4Ke 4 1
27% — 3a N17P10,8K12,8-

Mpn xubpug KH-613 un rbeToTa
5200 p/da, pasnukata B [gobuBa Ha
eHeprus cnpsiMo koHTponaTta (To), € 33%
3a eguHuyHata gosa Top (T.) n 31% 3a
yaBoeHata (T,). 3a rbctota 5700 p/da,
epekTbT OT TopeHeTo € 34% u 31%,
CbOTBETHO 3a BapuaHtnu T, 1 T,.

3a xubpug KH-517 n rbctota 5500
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SUMMARY

The study was conducted in the
period 2014-2016 in the experimental field
of the Institute of Maize - Knezha. The
subject of the study are the hybrids: Kn-
517 group 500-600 per FAO and density
5500-6000 p/da and Kn-613 group over
600 per FAO and density 5200-5700 p/da.

The maize was grown in a control
variant without fertilization (To) and two
fertilizing levels: NgsPs4Kes (T1) and
N17P108K128 (T2). The agrotechnics adopted
for the region was applied.

For hybrid Kn-517 and density 5500
p/da and at both fertilization levels T, and
T, yields increased by 26%. For a density
of 6000 p/da this increase is 30% for
fertilization NgsPs4Kes and 27% for
N17P10,8K12 8.

For hybrid Kn-613 and density 5200
p/da the difference in energy yield relative
to the control (Ty) is 33% for the single
dose of the (T;) and 31% for the double —
T,). For a density of 5700 p/da the effect
of fertilization is 34% and 31%, respective
for the variants T, and T»,.

For hybrid Kn-517 and 5500 p/da



p/da 6uoeHepreTuyeckms KoepnumneHT ce
nameHs ot 3,2 3a T, Ao 1,6 3a BapuaHT
T,. 3a rbctota 6000 p/da, Tesn cToW-
HocTh ca 3,9 n 1,7 — 3a nepuoga Ha Tope-
He C Ngy5P5'4K6'4 n N17P10,8K12,8- Mo rognHn
OGMOEHepreTMYecKnsaT koedUUMEHT, e C
Hali-Hucka ctonHocT — 0,7 3a BapuaHT T,
n 5500 p/da 3a nbpBata roguHa u Haii-
Bucoka — 5,6 3a T; m 6000 p/da 3a
Tpetarta roguHa.

3a xubpung KH-613 u 5200 p/da,
n3CcNeABaHNAT MokasaTen ce WU3MeEHs B
AnanasoH oT 3,5 3a eguHuYHaTa, Ao 1,6
3a yABoeHaTa [o03a TOp, a 3a rbecroTa
5700 p/da, Te3u ctonHocTM ca 3,7 n 1,6.
W npv gBeTte rbLCToTM Tasn Be/MyMHA € C
Hai-HuCKa CTOoMHOCT — 0,6 npu ABoiHaTa
TopoBa Hopma T, 3a 2014 r. Haii-BMCOK
pesyntaT € u34nic/ieH Mpe3 BToparta
rogvHa v BapuaHT Ty, CbOTBETHO — 4,5 3a
5200 p/da 1 5,0 — 3a 5700 p/da.

KntovoBu oymu: uapesuua,
Xnépua, TOpeHe, IbCTOTW, [06UB Ha
eHeprus, broeHepreTnYeckn KoeqomumeHT

YBO/,

EHeprviiHnAaT aHanus npegsmxaa
CpaBHSABAHETO Ha pa3xoAuTe Ha eHeprus
3a NpPOM3BOACTBO C KO/IMYECTBOTO EHep-
rs, akymysvpaHa B npogykuusata. EHep-
rMinHaTa eqeKTMBHOCT Ha pasxoguTe 3a
MUHEpasiHO TOpeHe ce onpegens upes
OTHOLUEHMETO Ha eHepruaTa B npubas-
KaTa Ha pobuBa KbM Tasu 3a MNpous-
BOACTBOTO M ynoTpebata Ha haKTuyecku
BHECEHUTE a30THM, HOCHOPHN 1 KaNMeBun
Topose (Malienko, 1986; Voronin et. al.,
2010).

Buonornyecknte 0cobeHoCTN Ha
uapesuuarta nossossBar T da ce OT-
rnexaga B NoYTU BCUMYKU paioHM Ha cBeTa
(Tomov, 1997 and Popov, 2000). Llapesu-
uata e C MNOo-BUCOKM W HepocTurHatu
NPOAYKTUBHN Bb3MOXHOCTW, B CPaBHEHNE
C ocTaHanute noncku kyntypu (Tomov
and Yordanov, 1984). HanunumeTto Ha
ronsim Habop oT Xxmbpuan, KOMTO HaykaTa
npegnara Ha npakTMkata C pas/nyeH
nepuog Ha Beretauus gaBa Bb3MOXHOCT
3a Hail-e(peKTMBHOTO VMM W3MO0M3BaHe upes

76

bioenergy coefficient was changed from
3.2 for T, to 1.6 for variant T,. For a
density of 6000 p/da those values are 3.9
and 1.7 for fertilizing with NgsPs4Kes4 and
27% for N17P10,8K12,8- By year the
bioenergetics coefficient was with the
lowest value of 0.7 for T, variant and 5500
p/da for the first year and the highest of
5.6 for the T, and 6000 p/da for the third
year.

For hybrid Kn-613 and 5200 p/da
research indicator changed from a range
of 3.5 for the single to 1.6 for a doubled
fertilizer and for a density of 5700 p/da
values were 3.7 and 1.6. For densities this
value has the lowest value of 0.6 at the
double fertilizer norm T, for 2014. The
highest result was calculated in the
second year and variant T, respective by
4.5 for 5200 p/da and 5.0 for 5700 p/da.

Key words: maize, hybrid,
fertilization,  density, energy vyield,
bioenergetics coefficient

INTRODUCTION

The energy analysis provides for
the comparison of energy costs for
production with the amount of energy
accumulated in the production. The
energy efficiency of the mineral
fertilization costs is determined by the
ratio of the energy in the addition of the
yield to the production and use of the
actually imported nitrogen, phosphorus
and potassium fertilizers (Malienko, 1986;
Voronin et. al., 2010).

The biological features of maize
allow it to be grown in almost all areas of
the world (Tomov, 1997; Popov, 2000).
Maize has higher and less productive
yields than other crops (Tomov and
Yordanov, 1984).

The presence of a large set of hybrids the
science offers to practice with a different
growing season allows for their most
effective use by combining them into a
variety structure depending on sall,



TAXHOTO KOMOWMHMpaHe B efHa copToBa
CTPYKTypa B 3aBUCMMOCT OT MOYBEHUTE,
KIMMAaTUYHM U arpoTexHnyYeckn drakTopu 3a
OTAENHUTE palioHn Ha cTpaHata (Berchev,
1988; Angelov, 1994; Angelov and Glogova,
2010).

CopTtoBuTe 0COBEHOCTH, TEXHONOIUS-
Ta ¥ ycnoBusiTa Ha OTI1exzgaHe ca oOT
CbLUECTBEHO 3HA4YeHWe 3a NposiB/ieHne Ha
NPOAYKTUBHUTE Bb3MOXHOCTU Ha pacTeHus-
Ta M Ka4yecTBOTO Ha npopykuusta. MuHe-
Pa/IHOTO XpaHeHe o0kKa3Ba MOJI0XKUTESTHO
B/IMSSHNE BbBPXY NPOAYKTUBHUTE Bb3MOX-
HOocTM Ha uapesuyata (Davidkov and
Hristov, 2007).

MATEPWNAN N METO4WA

MpoyyBaHeTO € HanpaBeHOo Mpe3
nepuoga 2014-2016 r. B ONUTHOTO Mone
Ha VHCTUTYT no uapesuuaTa-KHexa.

O6eKkT Ha uscnegBaHe ca Xubpu-
ante: KH-517 rpyna 500-600 no ®AO u
rbctoTta 5500-6000 p/da n KH-613 rpyna
Hag 600 no ®AO u rectotn 5200-5700
p/da.

LlapeBuuata e oTrniexgaHa npu KoH-
TposieH BapuaHT 6e3 TopeHe Ty U ABe HMBa
Ha TopeHe: NgsPsKss (T1) M NiPiogKizg
(T,). MpunoxeHa e Bb3npueTaTa 3a paoHa
arpoTtexHuka. 3a onpefesnisiHe Ha eHepruii-
HVS [OOGMB € M3N0N3BaH eHepruitHA ekBu-
BasieHT 3a 1 kg 3bpHO 14,6 MJ/Kg 1 eHep-
riAHN ekBmBasieHTM 3a Topa: N-77 MJ/Kg;
P-14 MJ/kg n K-10 MJ/kg (Pimentel, 1984).
EnepruiiHnte pasxoam 3a NgsPs4Ks4 ca 794
MJ/da, a 3a N17P10gK128— 1588 MJ/da.

PE3YJITATN N OBCb)XXAAHE

Mpwn oTrnexpaHe Ha xmbpug KH-517
n rectota 5500 p/da 6e3 ynotpeba Ha
MUHepasieH Top, A0OMBBLT Ha €eHeprus ce
nU3MeHs B rpaHuuata oT 9388 MJ/da po
9957 MJ/da, cbOTBETHO 3a nbpBaTa W
BTOpaTa roguHa Ha onuta (Tabnuua 1).
Ynotpe6ata Ha MuHepasieH TOp OKasBa
NOJIOKUTESTHO B/IMSIHWE BbPXY BennyuHarta
Ha MnpoyyBaHMA MNokaszaTesl. TOpPEHeTo Ha
LapesnyHuTe pacteHusa ¢ NgsPs 4Ks 4 yBEIN-
yaBa gobvBa Ha eHeprusl, B CpaBHEHUE C
KOHTpONaTa npes otaesniHuTe rognHn ¢ 9%,
30% n 39%, cbOTBETHO 3a NbpBara, BTopa-
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climate and agro-technical factors for the
individual regions of the country (Berchev,
1988; Angelov, 1994; Angelov and
Glogova, 2010).

Variety, technology and growing
conditions are essential to show plant
productivity and product quality.

Mineral nutrition has a positive impact on
maize production (Hristov and Davidkov,
2007).

MATERIAL AND METHODS

The study was conducted in the
period 2014-2016 in the experimental field
of Maize Research Institute in Knezha.

The subject of the study is the
hybrids Kn-517 groups 500-600 FAO and
a density of 5500-6000 p/da and Kn-613
group over 600 FAO and density of
5200-5700 p/da.

The maize was grown in a control
variant without fertilization (To) and two
fertilizing levels: NgsPs4Kss (T1) and
Ni17P10sKi2s (T2). The agrotechnics
adopted for the region was applied. For
the determination of the energy vyield, the
energy equivalent for 1 kg grain — 14.6
MJ/kg were used for fertilizer: N-77 MJ/kg,
P-14 MJ/kg and K-10 MJ/kg (Pimental,
1984). Energy costs for NgsPs4Ke4 — 794
MJ/da; for N17P10 K128 — 1588 MJ/da.

RESULTS AND DISCUSSION

When cultivating hybrid Kn-517 and
density 5500 p/da without the use of
mineral fertilizer, the yield of energy varies
from 9388 MJ/da to 9957 MJ/da,
respectively for the first and the second
year of the experiment (Tablel). The use
of mineral fertilizer has a positive effect on
the quantity of the studied indicator.

The fertilization of maize plants with
NgsPs4Ke 4 increases the yield of energy
by 9%, 30% and 39% in the individual



Ta W TpeTata roguHa OT eKcrnepumeHTan-
Hata pa6bota. CpegHo 3a nepuoga Ha
uscneasaHe, Ta3u [03a MUHepasieH Top
yBesiMyaBa fobusa Ha eHeprua ¢ 26%, B
CpaBHEeHVe C BapumaHTa Ha OTrexgaHe Ha
uapesuuaTa npu ecTecTBeHa 3anaceHocT
Ha nousaTta (T,).

Tabnuua 1. lobuB Ha eHeprua MJ/da
Table 1. Energy yield MJ/da

years, respectively for the first, second
and third years of experimental work. On
average during the studied period this
mineral fertilizer yield increased by 26%
compared to the cultivation of maize in
natural stock (T,).

BapuaHTu CpegHo | % kbM Tq Ccv
Variants 2014 2015 2016 Average | %to T, %
KH517/5500p/da
Kn-517/5500 p/da
NoPoKo 9388 9957 9811 9719 100 3
Ng sPs.4Ke .4 10249 | 12906 | 13607 12254 126 12
N17P108K128 10527 | 13169 | 13184 12293 126 10
CpepgHo/Average 10055 | 12011 | 12201
CV% 5 2 14
KH-517/6000 p/da
Kn-517/6000 p/da
NoPoKo 10030 | 10395 | 9665 10030 100 3
Ng sPs.4Ke .4 12074 | 13082 | 14089 13082 130 6
N17P108K128 12717 | 12687 | 12746 12717 127 0.2
CpepgHo/Average 11607 | 12055 | 12167
CV% 10 10 15
KH-613/5200 p/da
Kn-613/5200 p/da
NoPoKo 7212 8731 9096 8346 100 10
Ng sPs.4Ke .4 8702 | 12279 | 12308 11096 133 15
N17P108K128 8147 | 12425 | 12293 10955 131 18
CpepgHo/Average 8020 | 11145 | 11232
CV% 8 15 13
KH-613/5700 p/da
Kn-613/5700 p/da
NoPoKo 7884 8570 9125 8526 100 6
Ng sPs.4Ke .4 9592 | 12556 | 12191 11446 134 11
N17P108K128 8877 | 12717 | 11870 11155 131 13
CpepgHo/Average 8784 | 11281 | 11062
CV% 8 17 12

AHanmaunpankn gaHHuTe B Tabnuua-
Ta ce BMX[a, Yye C yABOSABAHETO Ha TOpOBa-
Ta Hopma OT NgsPs4Kss Ha Ni7P10gKizg
NpoyyBaHUAT MoKasaTtes ce U3MeHA B
AunanasoH ot 10527 3a 2014 r. po 13169
MJ/da 3a 2015 r. EdpekTbT OT TOpa 3a
oTAenHUTe rOAMHW e KakTo crnegga: 16%,
32% u 34%. CpegHo 3a nepuoga

Analysing the data in the table, it
can be seen that the doubling of the
fertilizer rate from the NgsPs4Ke4 to the
N17P108K12g study rates varied from a
range of 10527 for 2014 to 13169 MJ/da
for 2015. The fertilizer effect for individual
years is as follows: 16%, 32% and 34%.
On average for 2014-2016 the action of
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2014-2016 r. geicTBMeTo Ha Tasn Kombu-
Hauusi TOp € eHaKBO C Tasu Mpu BapuaHT
T1. YncneHata CTOMHOCT Ha YBE/IMYEHNETO
Ha fobusa Ha eHeprusi e 26%. Mo roguHn n
CpefHO OT BCUYKM BapuaHTM Ha OTrex-
[JaHe Ha uapeBuLaTa Hali-Ma/Tbk pesyntat
Ha npoyyBaHWs nokasaten e peanusvpaH
npes nbpBarta roAuMHa, a Hail-BUCOK npes
TpeTarta, cboTBeTHO 10055 MJ/da n 12261
MJ/da.

KoethuneHTbT Ha BapupaHe e ¢
Hali-ma/sika cpegHa  CTOWHOCT  Mpu
BapvaHTa 6e3 TopeHe — CV=3%. 3a
N3Mon3BaHnTe 003K TOp Tasn BeENNYMHA e
CV=12% 3a N8'5P5y4Key4 n CVv=10% 3a
N17P108K12s . lpe3 oTgenHuTe roguHu
CpefHO OT BCUYKM BapuaHTU Ha OTrnex-
JaHe Ha uapesyvUata BapupaHeTo Ha
pobrBa Ha eHeprus e B rpaHuuaTta oT
CV=5% 3a 2014 r. po CV=14% 3a 2016 .

OTtrnexaaHeto Ha xmnbpug KH-517
M rectota Ha nocesa 6000 p/da npu
BapvaHTa 6e3 ynotpeba Ha MuHepasieH
TOp, AO06GMBBLT Ha eHeprus Bapupa oOT
9665 MJ/da 3a TpeTtaTta rogmHa o 10395
3a BTOpata. CpepHo 3a nepuofa Ha
npoyysaHe pasnvkata B pJobusa Ha
eHeprvs e 10% B nosi3a Ha no-ronamara
rbcTota. M3nonssaHeTo Ha MuHepasieH
TOp B cboTHOLWeEHUe NgsPs 4Ks 4 yBENNYA-
Ba uncfieHaTa CTOMHOCT Ha Mpoy4BaHus
nokasaren c¢ 20%, 26% u 46%, B
CpaBHeHWe ¢ KOHTponaTa nocsefoBaTen-
HO 3a TpuTe roauHu Ha onuta. CpefHo oT
TpUTE EKCMEPUMEHTA/THU TOAMHN Aeli-
CTBMETO Ha Tasn kombuHauums Top e 30%.
Mpu n3nonssaHe Ha yaBoeHarta Ao03a Top
N17P10gKi2s [[0OBMBBT Ha eHeprus ce
n3meHs ot 12687 MJ/da po 12746 MJ/da,
CbOTBETHO 3a BTOparta ¥ TpeTtaTa roguHa.
KakTo ce Bmxaa OT AaHHUTe npe3 oTAen-
HWUTE TOAMHW CTOMHOCTTa Ha Mpoy4BaHusA
nokasaten e c 6/M3KM MO Mexay cu
CTOMHOCTW. YBE/IMYEHNETO HA NOSyYEHUS
[o6MB Ha eHeprus cpefHo OT roguHUTe
Ha un3cnegBaHe e 27% B cpaBHeHWE C
KOHTponaTta. AHanm3upainku npegacraBe-
HUTe pesyntatu, BapupaHeTo Ha npoyuy-
BaHUs nokasaresi e Hali-manko CV=0,2%
3a BapuaHT N;7P10sKizs Ha BTOpO
MACTO € TOPEeHeTO Ha Luapesuuata c

this fertilizer combination is the same as
for variant T;. The numerical value of the
increase in energy yield is 26%. By year
and average of all variants of maize
cultivation, the smallest result of the
survey was obtained in the first year and
the highest in the third, respectively
10055 MJ/da and 12261 MJ/da.

The coefficient of variation has the
lowest average value for the non-
fertilization — CV=3%. For the doses used
this fertilizer is CV=12% for NgsPs4Ke 4
and CV=10% for N17P10,8K12,8- Over the
years on average all variants of maize
cultivation varied in the yield of energy
within the limit of Cv=5% for 2014 to
CV=14% for 2016.

Cultivation of the Kn-517 hybrid
and seed density of 6000 p/da in the non-
fertilizer variant energy yield ranges from
9665 MJ/da for the third year to 10395
MJ/da for the second. On average during
the study period the difference in energy
yield is 10% in favor of higher density.

The use of mineral fertilizer in
proportional NgsPs4Ks4 increases the
numerical value of the surveyed indicator
by 20%, 26% and 46% compared to the
control successively for the three years of
experience. On average over the three
experimental years this combination of
fertilizer is 30%. When using a double
dose of fertilizer N17P108K125 the yield of
energy varies from 12687 MJ/da to 12746
MJ/da, respectively for the second and
the third year. As can be seen from the
data in individual years the value of the
surveyed indicator is close to each other.

The increase of the obtained energy yield
on average over the years of study is
27% compared to the control. Analysing
the presented results the variance of the
survey indicator is at least CV=0.2% for
variant  Nj7P108Ki2s.  Secondly  the
fertilization of maize with NgsPs4Ke 4 With
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NgsPs4Ke s C kOEUUMEHT CV=6% 1 Ha
TpeTo e OTINexgaHeTo Ha pacTeHusTa
6e3 TopeHe, cboTBeTHO CV=3%. T[lo
rOAVHN CpefHO OT BCUYKM BapuaHtu (T,
T, n T, ) uiacneHata CTOMHOCT Ha Tasu
BenmunHa e mexagy CvV=10% n CV=15%.
OTtrnexaaHeto Ha xnbpug KH-613
Mpu ecTecTBeHa 3anaceHoCT Ha no4ysarta
W Npu [ABeTe rIbCTOTW, [O06UBBLT Ha
€Heprus ce M3MeHsl BbB Bb3X0OAsll pef
npe3 oTAesiHUTE TOOUHWM Ha u3crefgBa-
HeTo. MuHMMasiHaTa CTOMHOCT Ha TO3M
nokasaren e 7212 MJ/da 3a rbcrota
5200 p/da n 7884 MJ/da 3a 5700 p/da.
MakcumanHuaT pesyntat oT gobusa Ha
eHeprus e 9096 MJ 1 9125 MJ/da, cboT-
BETHO 3a NMbpBaTa v BTopaTa rbcroTa.
TopeHeTo Ha uapesulaTa ¢ MUHe-
paneH Top B CbOTHOLEHWE NgsPs4Ke4 U
npy no-maskata rbcrora ot 5200 p/da
[OBMBBLT Ha eHeprus ce nsmeHs ot 8702
MJ/da po 12308 MJ/da cbOTBETHO 3a
nbpBaTa M TpeTaTa roguHa OoT Mpoy4Ba-
HeTo. CrnpsAMO KOHTPOJIHWA BapuaHT Ty
edekTbT OT Tasu go3a Top 3a oTaesiHuTe
roguHn e 21%, 41% wn 35%. lNpu ypBos-
BaHe Ha TopoBata HopMa OT NgsPs4Ks 4
Ha Nj37P108K128 NPOYyYBaHUAT nokasares
€ C Hali-Hucka cToiiHocT 8147 MJ/da 3a
2014 r., a HaW-Bucoka 12425 MJ/da 3a
2015 r. BnivgHveTo Ha yABOEHOTO KOsu-
4ecTBO TOp BbpXy Ao6KBa Ha eHeprus e
€[HaKBO C ToBa Ha eAMHMYHaTa g[o3a
Top. V3knioyeHne npaeBu nbpearta rogmHa
npu KOATO AeicTBMEeTO Ha Topa oT 7%
pasnuka e B non3a Ha sBapuaHTt T;.
OTrnexgaHeTo Ha uapesuuata
npy rbcTtota Ha nocesa 5700 p/da un
HatopsiBaHe C NgsPs4Kss4 [0OMBBT Ha
eHeprus Bapupa ot 9592 MJ/da go 12556
MJ/da, cbOTBETHO 3a NbpBaTa 1 BTOpaTa
rogvHa.
Mopo6bHN pesynTaty ca MOJyYeHU
W Npu yABOsSIBAaHE Ha W3MN0N3BAHOTO
KosimdecTBo Top T,. OTHOBO Hali-BMCOKa
CTOMHOCT Ha Mpoy4yBaHMA MokasaTen e
nosny4vyeHa npes 2015 r. cboTBETHO 12717
MJ/da, a Hail-Hucka 8877 MJ/da 3a 2014
r. CpegHo 3a nepvoga Ha uscnejBaHe
[JelicTBMeTO Ha efuHuM4yHaTa fos3a Top

a coefficient of CV=6% and third is the
cultivation of plants without fertilization,
respectively CV=3%. Years average of all
variants (To, Ty and T,) the number of
value of this value is between CV=10%
and CV=15%.

The cultivation of the Kn-613
hybrid in natural soil stock and at both
densities of energy changes in ascending
order during the individual years of the
study. The minimum value of this
indicator is 7212 MJ/da for a density of
5200 p/da and 7884 MJ/da for 5700 p/da.
The maximum vyield of energy is 9096
MJ/da and 9125 MJ/da, respectively for
the first and the second densities.

The fertilization of the maize with
mineral fertilizer in the NgsPs4Ke4 ratio
and at the lower density of 5200 p/da, the
yield of energy was varied from 8702
MJ/da to 12308 MJ/da for the first and the
third year of the survey, respectively.
Compared to the control variant, the
effect of this dose of fertilizer for each
year is 21%, 41% and 35%. By doubling
the fertilizer rate from NgsPs4Ksq tO
N17P108K12 ¢ Studies, the indicator has the
lowest value of 8147 MJ/da for 2014 and
the highest of 12425 MJ/da for 2015. The
influence of the doubled fertilizer on the
yield of energy is the same as that of the
single dose of fertilizer. The exclusion is
the first year in which the 7% difference
of the fertilizer is in favor of the variant T;.

Cultivation of maize at seed
density 5700 p/da and fertilization with
NgsPs4Ke 4 Yield ranges from 9592 MJ/da
to 12556 MJ/da for the first and the
second year, respectively.

Similar results were also received
by doubling the used amount of fertilizer
T,. The highest value of the studied
indicator was received in 2015,
respectively 12717 MJ/da and the lowest
8877 MJ/da in 2014. On average during
the study period the single dose of
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NssPs4Ke 4 € 33% 3a no-masikara rocrota
5200 p/da u 34% 3a 5700 p/da.
[elicTBneTO Ha YABOEHOTO KO/MYECTBO
TOp Ni7P10gKi2g BbpXy [gobuBa Ha
eHeprus u 3a pggete roctotm e 31%.
CpefHO OT TpuTe TrOAMHM Ha OnuTa,
KoeMLMEeHTBbT Ha BapupaHe ce U3MeHS
or CV=6% po CV=18%. [lo roauHu
CpefHO OT BCUYKM BapuaHTX Ha OTriex-
JaHe Ha uapeBuuata A0OMBBLT Ha eHep-
M ce xapaxkrtepusmpa ¢ KoeuUMEHT Ha
BapupaHe ot CV=8% po CV=17%.

CToliHocTuTe Ha buoeHepreTuyec-
Knsi KoedbmumeHT 3a xnbpnante KH-517 n
KH-613, oTrnexgaHn npu passiMyHu rbe-
TOTU M HMBA Ha TOPeHe ca npeAcTaBeHn
Ha Tab6nuuya 2. 3a xmbpug KH-517 un
rbctota 5500 p/da Ha oTrnexpgaHe Ha
Luapesuuara, U3nNos3BaHETO Ha MUHepa-
neH Top B kKOMOMHauUnA NgsPs 4Ke 4 13Me-
HA 6uoeHepreTuyeckns kKoeguuMeHT oT
1,1 po 4,8. MNo-HuUcKaTa 4ucrneHa CTOW-
HOCT Ha TO3M MokasaTes e nosy4vyeHa
npe3 2014 r., a no-ronamara — npe3 2016
r. YBe/iMyaBaHeTO Ha M3Mon3BaHOTO KO-
nnyectBo  TOop OT  NgsPs4Ks4 Ha
N17P10,8K12,8 BOAN 1 0O NO-TONIEMU Pa3Xxo-
ON Ha eHeprus, BkIwYeHa B Topa. B
pe3ynTaT Ha TOBa Ce Hamasnssa W 4uc-
/leHaTa CTOMHOCT Ha GMoeHepreTnyeckms
KoedhmumeHT. ToBa HaMasieHue e obpart-
HO MNPOMOpPLMOHASIHO Ha yBe/MyaBaHeTo
Ha M3N0N3BaHOTO KOSIMYEeCTBO Top. M3pa-
3€eHO B MPOLEHT pas/vkaTa Ha npoyysa-
HUSA nokasares Mexay ABeTe [03U Top
Ngy5P5y4Key4 n N17P10,8K12,8a e 64%, 54% n
43%, CbOTBETHO 3a NbpBaTa, BTOpara u
TpeTaTa roguHa.

AHanusvpainku npeacraBeHuTe pe-
3y/Tatv ce ycTaHoBfBa ChbllaTta TeHOeH-
UMS Ha M3MeHeHne Ha buoeHepreTmnyec-
Knsa koedpuumeHT M npu rectota 6000
p/da. Mpu TopeHe Ha uapeBuLaTa C
NgsPs4Ks4 BenvunHatTa Ha npoyyBaHusA
rnokasaTen ce M3MeHs B AnanasoH oT 2,6
3a 2014 r. po 5,6 3a 2016 r. Mpn n3non-
3BaHe Ha ABa NbTW Mo-ronamMa fosa Top
N17P10gKi28 32 OTAENHUTE TOAMHWU 6UO-
€HepreTNYeckusaT KoequumeHT nma CToi-
HocTn 1,7; 1,4 n 1,9. CpefHo 3a nepuoga

fertilizer Ng sPs 4Ks 4 Wwas 33% for the lower
density of 5200 p/da and 34% for 5700
p/da. The effect of double the quantity of
N17P10gK12 ¢ fertilizer on the yield of both
densities is 31%.

On average over the three years of
experience the coefficient of variation
changes from CV=6% to CV=18%. Yearly
average of all variants of maize
cultivation the vyield of energy is
characterized by a coefficient of variation
of CV=8% to CV=17%.

Bioenergy coefficient values for the
Kn-517 and Kn-613 hybrids grown at
different  densities and levels of
fertilization are presented in Table 2. For
Kn-517 hybrid growing density of 5500
p/da the use of mineral fertilizer in
NgsPs4Ke 4 cOmbines the bioenergy ratio
of 1.1to 4.8.

The lower numeric value of this indicator
was received in 2014 and the largest in
2016. Increasing the quantity used from
Ngy5P5y4Key4 to N17P10,8K12,8 also increases
the cost of energy input into the fertilizer.

As a result the numerical value of the
bioenergetics coefficient is also reduced.
This decrease is inversely proportional to
the increase in the quantity of fertilizer
used. Percentage of the difference in
studies between fertilizers NgsPs 4Ks 4 and
N17P108K12 8 1S 64%, 54% and 43% for the
first, second and the third vyear,
respectively.

Analysing the presented results the
same tendency of change of the
bioenergetics coefficient was established
and at a density of 6000 p/da. When
fertilizing maize with NgsPs 4Ks 4 the value
of the survey indicator changes from 2.6
for 2014 to 5.6 for the 2016. When using
twice as much Ni;P1gK12 g fertilizer for
different years, the bioenergetics
coefficient has values of 1.7; 1.4 and 1.9.
On average during the study period the
bioenergetics coefficient for the single
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Ha npoy4yBaHe CTOMHOCTTa Ha GMOoeHep-
retmyeckns KoeuUMEHT 3a efuHuMYyHaTa
Jo3a Top e B rpaHuyarta ot 3,2 po 3,9,
CbOTBETHO 3a rbcTtota 5500 p/da v 6000
p/da. Mpu BapraHTa C N3N0s13BaHe Ha ABOiA-
HO no-Bucoka TopoBa HopMa N;7P10gK;z 8, €
1,6 n 1,7. CpegHo OT TpuTe roAvHU Ha
n3BexaaHe Ha onuta KoeUUMEHTBLT Ha
BapupaHe ce wu3MeHa oT CV=12% pgo
CV=48%. Mo roawHn cpegHo OT [BeTe
[o3u Top Ty 1 T, YNCNIEHUAT U3pas Ha To3n
nokasaren, e B rpaHuuara ot CvV=20% pfo
CV=48%.

dose of fertilizer ranged from 3.2 to 3.9,
respectively for a density of 5500 p/da
and 6000 p/da. In the variant using a
double higher fertilizer N;7P10gK125 IS 1.6
and 1.7. On the average of the three
years of the experiment the coefficient of
variation changed from CV=12 to
CV=48%. Yearly average of both fertilizer
doses T; and T, the numerical expression
of this indicator ranges from CV=20% to
CV=48%.

Tabnuua 2. buoeHepreTU4eCKN KOePUUMEHT

Table 2. Bioenergetic coefficient

BapuaHTu CpegHo Ccv
Variants 2014 2015 2016 Average %
KH-517/5500 p/da
Kn-517/5500 p/da
NgsPs4Kea (T1) 11 3.7 4.8 3.2 48
N17P10,8K12’8 (Tz) 07 20 21 16 40
CpepgHo/Average 0.9 2.8 3.4
CV% 22 30 40
KH-517/6000 p/da
Kn-517/6000 p/da
NgsPs4Kes (T1) 2.6 3.4 5.6 3.9 32
N17P108K128 (T2) 1.7 14 1.9 1.7 12
CpepgHo/Average 2.2 2.4 3.7
CV% 20 42 48
KH-613/5200 p/da
Kn-613/5200 p/da
NgsPs4Kes (T1) 1.9 4.5 4.0 3.5 32
N17P10,8K12’8 (Tz) 06 23 20 16 46
CpepgHo/Average 1.3 3.4 3.0
CV% 46 32 33
KH-613/5200 p/da
Kn-613/5200 p/da
NgsPs4Kes (T1) 2.2 5.0 3.9 3.7 31
N17P108K128 (T2) 0.6 2.6 1.7 1.6 51
CpepgHo/Average 1.4 3.8 2.8
CV% 57 31 39

3a xmbpug KH-613, oTrnexagaH npu
rbctota 5200 p/da n TOpOBa HOpMa
NgsPs4Kes OVOEHEpPreTnyeckusaT koedu-
UMEHT MMa Hail-manka cToiiHocT 1,9 3a
nbpBaTa roguMHa u Hai-ronava 4,5 3a
BTOpara. [pu yaBosiBaHe Ha KO/IMYECTBO-

For Kn-613 hybrid grown at a 5200
p/da density and a fertilizer NgsPs4Ks4
the bioenergetic coefficient has the
smallest value of 1.9 for the first year and
the highest of 4.5 for the second. By
doubling the quantity of fertilizer from
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TO TOp OT NgsPsiKes Ha Ni7P1ggKiog
YUCNEHUAT M3pa3 Ha CblUMs nokasares
HamasnsaBa noytu Asa nbTU. [locneno-
BaTesIHO MO roAvHWM Tas3u BefmynHa ce
n3meHs ot 0,6 3a 2014 r.; 2,3 3a 2015 un
2,03a 2016 .

Mpu oTrnexgaHe Ha UapesuyaTa ¢
no-ronsiMa rbctota 5700 p/da n BapuaH-
TV Ha TopeHe C NgsPs4Ks4 NpoyuBaHuAT
rnokasaTen Bapvipa npes otaenHuTe roau-
HW ot 2,2 go 5,0 3a nbpBaTta u BTOpaTa
roguHa. MameHeHneTto Ha 6GuoeHepreTu-
yeckms koeuUMeEHT e obpaTHonponop-
LMOHA/IHO Ha yBenuyaBaHeTo Ha u3nos-
3BaHOTO KOJ/IMYECTBO TOp. HamanssaHeTo
Ha Mpoy4yBaHusa nokasaren npu LABOWHO
no-BMcokara TopoBa HOpMa Ce W3MEHS
nofo6HO Ha TOBa NpWU eauMHU4YHaTa KOM-
6uHaumsa Top. OTHOBO Hali-HWCKa CTOW-
HOCT OT Hero e nosiydeHa npes nbpsara,
a Hail-BMCOka npe3 BTopara roAuvHa,
cvotBeTHO 0,6 1 2,6. CpefHo OT Tpute
rOOUHW Ha npoyyBaHeTo, TOPEHETo C
NgsPs4Kes W3MeEHA GuoeHepreTMyeckuns
KoedmymeHT oT 3,5 Ao 3,7 — 3a recrtoTa
5200 p/da n 5700 p/da. 3a mnsnonssaHe
Ha N17P108Ki28 1 3a ABeTe IbCTOTU TO3U
nokasaren uma cToiHocT 1,6.

CpefHo OT TpUTe roAMHM Ha Npoyd-
BaHe Koe(MUMEeHTBbT Ha BapupaHe ce
n3mMeHs B gnanasoH ot CV=31 go CV=51%.
Mo roauHu cpefHo OT U3NUTBAHWUTE BapuaH-
TW ync/ieHaTa CTOMHOCT Ha GuoeHepreTu-
yeckMss KoeuUMEHT ce MNpoMeHs OT
CV=31% po CV=57%.

N3BOAN

3a xmbpug KH-517 1 rbctota 5500
p/da v npu aBeTe HMBa Ha TopeHe T 1 T,
[OOMBBT Ha eHepruss ce ysenuuasa C
26%. 3a rbctoTta 6000 p/da ToBa yBenu-
yeHne e 30% 3a TopeHe C NgsPs4Kssq M
27% 3a N17P10 K128

Mpu xubpug KH-613 u rbeToTa
5200 p/da pasnukata B pAobuBa Ha
eHeprus cnpsMo KoHTponata Ty e 33% 3a
eAnHnyHata gosa top T, n 31 3a yasoe-
HaTta T, 3a rbctota 5700 p/da edekTbT
oT TopeHeTo e 34% n 31%, CbOTBETHO 3a
BapuaHtn T, u T,.

Ngy5P5y4Key4 to N17P10,8K12,8 the numerical
expression of the same indicator
decreases almost twice. By successive
years that value changes from 0.6 to
2014; 2.3 to 2015 and 2.0 for 2016.

When grown maize with a higher
density 5700 p/da and fertilizer variant
with Ng sPs 4Ks 4 Studies the index varies in
individual years from 2.2 to 5.0 for the
first and the second year. The change in
the bioenergetics coefficient is inversely
proportional to the increase in the
quantity of fertilizer used. The reduction
of the studied indicator in the double
higher fertilizer norm changes similarly to
the on this at single fertilizer combination.

Again the lowest value was received
during the first and the highest in the
second year, respectively 0.6 and 2.6. On
average over the three years of the study
NgsPs4Kes fertilization changed the
bioenergy coefficient from 3.5 to 3.7 for a
5200 p/da and 5700 p/da density. To use
Ni7P10gKi2gs for both densities this
indicator has a value of 1.6.

On average over the three years of
the study the coefficient of variation
varies from CV=31% to CV=51%. By
years on average the number of
bioenergetics coefficient varied from
CV=31% to CV=57%.

CONCLUSIONS

For hybrid Kn-517 and density 5500
p/da and at both fertilization levels T, and
T, yields increased by 26%. For a density
of 6000 p/da this increase is 30% for
fertilization NgsPs4Ks4 and 27% for
N17P10,8K128 -

For hybrid Kn-613 and density 5200
p/da the difference in energy yield relative
to the control T, is 33% for the single dose
of the T, and 31% for the double T,. For a
density of 5700 p/da the effect of
fertilization is 34% and 31%, respectively
for the variants T, and T»,.
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3a xmbpug KH-517 n 5500 p/da For hybrid Kn-517 and 5500 p/da
6unoeHepreTMyecknsaT  koedmumeHT  ce | bioenergy coefficient was changed from
n3meHs ot 3,2 3a T, go 1,6 3a BapuaHTt | 3.2 for T, to 1.6 for variant T,. For a
T,. 3a rbcTota 6000 p/da Te3n ctoitHocTh | density of 6000 p/da these values are 3.9
ca 3,9 n 1,7 3a TopeHe ¢ NgsPs4Kes ¥ | and 1.7 for fertilizing with NgsPs4Ks4 and
27% 3a N17P10gK128. M0 roguHn 6noerHep- | Ni7P1pgKizs. By year the bioenergetic
reTmyecknsaT koedmuneHT e ¢ Haii-Hucka | coefficient has the lowest value of 0.7 for
cToinHocT 0,7 3a BapuaHT T, 1 5500 p/da | variant T, and 5500 p/da for the first year
3a nbpBarta roguHa u Haii-Bucoka 5,6 3a | and highest 5.6 for T; and 6000 p/da for
T, n 6000 p/da 3a TpeTaTa roguHa. the third year.

3a xmbpug KH-613 n 5200 p/da For hybrid Kn-613 and 5200 p/da
uscneBaHUAT rMokasaten ce u3MeHsa B | research indicator changes from a range
AmanasoH ot 3,5 3a eguMHmyHata go 1,6 3a | of 3.5 for the single to 1.6 for a doubled
yABOeHaTa fo3a Top, a 3a rbctoTa 5700 | fertilizer and for a density of 5700 p/da
p/da Tesu ctoliHocTh ca 3,7 n 1,6. 1 npn | values are 3.7 and 1.6. And for densities
OBeTe IbCTOTU Ta3n BenuuMHa e c Haii- | this value has the lowest value of 0.6 at
Hucka cTonHocT 0,6 npu aBoiHaTa Toposa | the double fertilizer norm T, for 2014. The
Hopma T, 3a 2014 r. Hair-Bucok pesyntart | highest result was calculated in the
e u3uucsieH npes3 BTopata roamHa wu | second year and variant T, respectively
BapuaHT T3, cboTBeTHO 4,5 3a 5200 p/da | 4.5 for 5200 p/da and 5.0 for 5700 p/da.
n 5,0 3a 570 p/da.
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PE3OME

Mpe3s nepuopga 2014-2017 r1. B
YuebHO ekcnepvMeHTasniHata u BHeapu-
Tencka 6Gasza Ha kategpa PacteHue-
BbACTBO nNpu ArpapeH yHuBepcuTeT -
Mnoeaue Gelle v3BeAeH MOJICKA ONUT, B
KOMTO € MNpoyyeHO BAUSHMETO Ha [nBa
opraHo-mMvHepasnHu npoaykra: Meradon
(3000 mi/ha) n Meracbon npotenH (3000
ml/ha) BbpXy KayeCTBOTO Ha 3bPHOTO Ha
TBbpharta nweHunya copt lMNpepen. Tpetu-
paHeTO ce wu3BbpLUBalle BbB asute
6paTeHe, BpeTeHeHe ” Wu3KIacsBaHe.
OnuTBLT € 3a/I0XeH cef npesLecTBEHWK
HaxyT no meTofa Ha ApobGHWUTE napuenku
B YeTupy MNOBTOPEHUS C rofieMvHa Ha
pexkonTtHata napuenka 10 m?.

B pesyntar Ha npoBefeHus OnuT e
YCTAHOBEHO: U3NUTBAHUTE OpraHo-MuHe-
panHn NPOAYKTU BIIUAAT MONOXUTENHO
BbpXy KayecTBOTO Ha 3bPHOTO Ha TBBLP-
jaTta nweHuua copt lMNMpegern.

Kntouosu oymu: TBbpAa
NnweHnya, opraHo-MUHepasHu NpPoAYKTH,
KayecTBO Ha 3bPHOTO

Accepted: 30.08.2018

85

Published: 20.09.2018

SUMMARY

During the period 2014-2017, in the
study, Experimental and Implementation
Base of the Department of Plant growing
of the Agricultural University — Plovdiv a
field experiment is carried out that
explores the influence of two organo-
mineral products: Megafol (3000 ml/ha)
and Megafol protein (3000 ml/ha) on the
quality of the Durum wheat variety Predel.
The treatment is done in the phases of
tillering, stem elongation and ear
emergence. The experiment is performed
after predecessor chickpea, according to
three factor experiment by the metod of
split plots, repeated four times, with
dimensions of the land plot 10 m?.

As a result of the conducted
experiment, the following is found out:

The tested organo-mineral products
have positive influence on the grain
quality of the Durum wheat Predel.

Key words: Durum wheat, organo-
mineral products, grain quality



yBO/[,

KoHcymaumsaTa Ha  MakapoOHEeHU
usgenusa (nacrta) HenpekbCcHaTO HapacT-
Ba, a C TOBA M M3UCKBaHMUSTA KbM Kayec-
TBOTO Ha OCHOBHAaTa CypOBMHA — 3bPHOTO
OT TBbpAa nweHuua. KayecTBOTO Ha
3BbPHOTO € COopTOBa U BUA0BA 0COBEHOCT.
To e KOMMNIEKCHO MOHATWE W BKIOYBA
PU3NYHUTE, XUMUYHUTE W TEXHONOrUY-
HUTE My CBOWCTBA.

MonoXUTeTHOTO BVSHME  OT
M3MON3BaHETO Ha OMOMOTMYHO aKTWBHM
BELLECTBa 3a NoBULLIABAHE Ha Ka4eCTBOTO
Ha 3bPHOTO NPW peauua XUTHU KynTypu e
JoKaszaHa B ONMUTU M3BEAEHM B 4YyXbuHa
(Abad et al., 2004; Delfine et al., 2005;
Brown and Prtrie, 2006; Wolber and
Seemann, 2006; Orcen et al, 2013;
Blandino et al., 2015; Smith et al., 2015) n
y Hac (Delchev et al., 2004; Delchev,
2010; Stoyanova, 2010). B HayyHaTa
niTepatypa ca MW3HeceHuM JaHHu 3a
npenapaTu, KOUTO MOBULLABAT YCTONYM-
BOCTTA Ha pacTeHusiTa KbM pas/nyHu
CTpecoBu (pakTopw, Kato BUCOKUA U HUCKK
TemnepaTtypu (Delchev and Stoyanova,
2013, Kolev et al., 2015).

Mpu HacToALWETO u3CcNeABaHe cU
noctaBuxme 3a Uen pfa YCTaHOBUM
B/IMSAHNETO Ha HOBWU OpraHo-MUHEpasHu
NPOAYKTN BbPXY KA4YEeCTBOTO Ha 3bPHOTO
Ha TBbpAaaTta nweHuua copt Mpegen.

MATEPVAJT N METOOU

B YuebHO ekcnepuMeHTasHaTa U
BHeApuTesncka 6a3a Ha karegpa Pacte-
HVEeBBACTBO Npu ArpapeH yHuBepcuTeT -
Mnosgus e mM3BefeH NOJICKM OnuT npes
nepnoga 2014-2017 r., B KOWTO € npo-
YYEHO B/IMSAHWETO Ha ClefHWUTE OpraHo-
MUHepanHu npoayktn: Meradon (3000
ml/ha) n Meracpon npoteuH (3000 ml/ha)
BbpPXY KauyecTBOTO Ha 3bpPHOTO Ha TBbP-
JaTa nweHwuua copt MNpegen. TpeTupaHe-
TO € M3BbPLIBAHO BBLB (hasuTe HGpareHe,
BpeTeHeHe W wusknacsasaHe. OMuUTLT e
3a/10KeH cnep npeiwecTBeHUK HaxyT no
MeToAa Ha APOo6HWUTE napuesikn B YeTupu
MOBTOPEHUS C rONIEMVHA Ha pekonTHaTa
napuesnka 10 m?.
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INTRODUCTION

Consumption of pasta is constantly
increasing, and thus also the quality
requirements of the main raw material -
durum wheat grain. The quality of the
grain is variety and species-specific. It is a

complex concept and includes its
physical, chemical and technological
properties.

The positive influence of the use of
biologically active substances to increase
the quality of a number of grain cultures is
proven in experiments performed abroad
(Abad et al., 2004; Delfine et al., 2005;
Brown and Prtrie, 2006; Wolber and
Seemann, 2006; Orcen et al, 2013;
Blandino et al., 2015; Smith et al., 2015)
and in our country as well (Delchev et al.,
2004; Delchev, 2010; Stoyanova, 2010).
Scientific literature presents data about
preparations that increase the resistance
of the plants towards various stress
factors such as high and low
temperatures (Delchev and Stoyanova,
2013, Kolev et al., 2015).

In this survey we set ourselves the
objective to find out what the influence is
of new organo-mineral products on the
quality of Durum wheat variety Predel.

MATERIAL AND METHODS

In the Study, experimental and
implementation base of the Department of
Plant growing of the Agricultural University -
Plovdiv a field experiment is carried out
during the period 2014-2017, which explores
the influence of the following organo-mineral
products: Megafol (3000 ml/ha) and Megafol
protein (3000 ml/ha) on the productivity of
the Durum wheat variety Predel. The
treatment is performed in the phase of
tillering, stem elongation and ear
emergence. The experiment is performed
after predecessor chickpea, according to
three factor experiment by the method of
split plots, repeated four times, with
dimensions of the land plot 10m>.



CeutbaTta Ha TBbpAaTa nueHuua e
M3BbPLIBAHA B ONTUMasIHUA CPOK OT
20.10 po 05.11. cbc centbeHa Hopma 500
cemeHa/m?

Kb/IHAEMU N MUHEpPasTHO
TopeHe ¢ 120 kg/ha asot m 80 kg/ha
ochop, kato npeau ceutbara ce

BHacsLIE LAM0TO KOSIMYECTBO (hocdopeH
Top 1 1/2 OoT a30THMSA, a paHO HanposeT
KaTo nogxpaHBaHe - ocTaHasiata 4yacT oT
a3oTHMA Top. CnaseHn ca BCUYKM 3BEHA
OT  yTBbpAaHata  TexHosorus 3a
oTrniexgaHe Ha TBbpgaTa nweHuua
(Yanev et al., 2008), kaTo 3a KOHTpona
ClyXeLlle HeTpPeTUPaHUAT BapuaHT.

OTunTaHn ca cnepHwuTe nokasaTe-
/1N Ha Ka4yecTBOTO Ha 3bPHOTO: Maca Ha
1000 3bpHa (g), xektonutpoBa maca (kg),
CTbKNOBMAHOCT (%), CbAbpXaHne Ha o6l
as3oT 1 cypoB npoTeunH (%), MOKbpP U CyX
rnyteH (%).

MonyyeHnTe CcTOWHOCTM ca 06pa-
60TBaHN MaTemMaTUyecKn Ype3 nporpameH
npoaykt SPSS.

PE3YJITATU N OBCBXXOAHE

KonuuecTtBoTo Ha BasiexuTte npes
BereTalMoHHUSA npewoj Ha TBbpaata
nweHnua 6elle kakTo cnegsa: 2014/2015
r. — 655.8 mm, 2015/2016 r. — 388.5 mm
n 2016/2017 - 278.3 mm npu 419,0 mm
3a TpugeceTroguwieH nepuod. [lpes
uscnegBaHuTe rogvHu 6naronpusitTHa 3a
pactexa W pasBUTUETO Ha TBbpaata
nweHuya c pobpo pasnpegeneHve Ha
Banexute e pekontHata 2017 r. ToraBa
ce nosyymxa W MO-BUCOKM [06MBM Ha
3bpPHO OT BCUYKM BapuaHTu. Hebnaro-
NpusaTHa 3a pa3BUTUETO Ha pacTeHusaTa e
nbpBata 2014/2015 r. nopaan 3acyluaBa-
HeTo npe3 Mecel, anpwi, Korato ce 3ana-
rat CTPYKTYpHUTE e/leMeHTU Ha fo6umBa.

Mopaan egHONOCOYHOCT Ha AaHHU-
Te npe3 nepvoja Ha wuscnenBaHe Ha
Tabnmuym 1, 2 n 3 ca npeacTaBeHn nony-
UeHnTe cpefHN CTOMHOCTU Ha U3MepBaHUTE
nokasarenim Ha Ka4ecTBOTO Ha 3bPHOTO.

M3nutBaHMTe  OpraHo-MUHepasiHu
NPOAYKTM ca MNOBAUANN MOSIOXUTESTHO
BBbPXY KAYeCTBOTO Ha 3bPHOTO Ha TBbpAaTa
nweHuua copt MNpegern.
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The sowing of the Durum wheat is
done within the optimal period, i.e. from
20.10 to 05.11, with sowing rate 500
germinating seeds/m® and mineral
fertilization with 120 kg/ha nitrogen and 80
kg/ha phosphorus, where the entire
quantity of phosphor fertilizer and 1/2 of
the nitrogen fertilizer are inserted before
sowing, while early in the spring the
remaining quantity of the nitrogen fertilizer
is inserted as a nutrition. All elements are
observed of the established technology
for growing Durum wheat (Yanev et al.,
2008).

The following grain  quality
indicators are reported: mass per 1000
grains (g), test weight (kg), vitriouness
(%), total nitrogen content and crude
protein (%), wet and dry gluten (%).

The values obtained are
mathematically processed through SPSS
software.

RESULTS AND DISCUSSION
The rainfall quantity during the
vegetation period of the Durum wheat is as
follows: year 2014/2015 r. — 655.8 mm,
2015/2016 r. — 388.5 mm and 2016/2017 -
278.3 mm, while for the thirty-year period
this amount is 419,0 mm. Among the
experimental years favourable for the
growth and development of the Durum
wheat, with good distribution of rainfalls is
the harvest year 2017, which gives the
highest quality of grain for all variants.
Unfavourable for the development of the
plants is the first year 2014/2015 due to the
drought in the month of April, when the

structural elements of the yield are formed.

Due to the common tendency of the
data during the experimental period,
Table 1, 2 and 3 shows the obtained
average values of the measured
indicators for the quality of grain.

The tested organo-mineral products
influence positively for the increase of the
values of the reported elements of the
quality of the grain of durum wheat of
Predel variety.



Haii-ronama maca Ha 1000 3bpHa,
XEKTO/IMTpPOBa Maca W CTbKI0BUAHOCT ce
nosyunxa npu BapuvaHta TpeTupaH C
opraHo-MUHepanHua NpoaykT Merachon BbB
(pasa OpareHe c pgosa 3000 ml/ha
cboTBETHO C 48.8 g; 81.2 kg n 96.3 %
(Tabnuua 1). Ha BTOPO MACTO Ce Hapex-4a
BapuaHTa npbckaH ¢ npenapata Meradon
NnpoTenH BbLB (hasa BpeTeHeHe ¢ fo3sa 3000

ml/ha. Hail-HUCKO € MOBULLMEHNETO Ha
CTOMHOCTUTE Ha nokasaresnurte Ha
KauecTBOTO MO Bb3AEWCTBMETO  Ha

U3NUTBAHWUTE OPraHo-MUHEPaSTHU MPOAYKTU
npv TpeTupaHe BbLB hasa uU3K/acsiBaHe.

The largest mass per 1000 grains,
test weight and vitriouness were obtained in
the variant treated with the organo-mineral
product Megafol in the tillering phase at a
dose of 3000 ml/ha respectively 48.8 g; 81.2
kg and 96.3% (Table 1). On the second
place is positioned the variant sprayed with
the Megafol protein, but in phase of stem
extension with dosage 3000 ml/ha. The
smallest increase in the values of the quality
of the grain is achieved under the influence
of the tested organo-mineral products at the
treatment in phase heading.

Tabnuua 1. BinsiHne Ha opraHO-MMHepasHUTe NPoAyKTU Bbpxy dmsmnyeckara
XapaKTepucTuKa Ha 3bPHO Ha TBbpAa NuweHuua (cpeaHo 2014-2017)
Table 1. Influence of organo-mineral products on physical characteristic of grain

of Durum wheat (average 2014-2017)

da3n Ha Mpopayktn Physical characteristic of grain
passutne Mass 1000 Test weight Virtuousness
Phases of Products grains
growth g % kg % %  %to st.
bparene KonTpona 46.4 | 100.0 | 78.6 | 100.0 | 93.1 | 100.0
Tillering Control
Meracpon 488 | 1051 | 812 | 103.8 | 96.3 | 103.4
Megafol
Meradpon
NpOTENH 475 | 102.3 | 79.6 | 101.4 | 95.8 | 102.9
Megafol
protein
BpeTenene Kowtpona | 456 | 100.0 | 78.4 | 100.0 | 93.3 | 100.0
Stem Control
elongation Meracpon 46.9 | 102.8 | 79.4 | 100.3 | 93.9 | 100.6
Megafol
Meradpon
NpoTENH 48.0 | 105.2 | 80.8 | 102.4 | 953 | 102.1
Megafol
protein
Visknacasane | KoHTpona 434 | 1000 | 78.6 | 100.0 | 93.4 | 100.0
Heading Control
Meracpon 442 | 1018 | 789 | 102.6 | 94.1 | 100.7
Megafol
Meradpon
NpOTENH 46.0 | 1059 | 79.3 | 101.1 | 95.6 | 102.4
Megafol
protein
GD 5% 1.98 4.5 2.1 26 | 188 | 2.01
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Tabnuua 2. CbabpXaHne Ha o6l a30T 1 CypoB NPOTEUH B 3bPHOTO Ha TBbpAa
nweHnua (cpegHo 2014-2017)

Table 2. Content of total nitrogen and crude protein in Durum wheat grain
(average 2014-2017)

da3un Ha MpoaykTtn Cyxo O6uwo N CbabpxaHue Ha
passutue BeLecTso nporeuH, %
Phases of Products Dry Total N % Crude protein
growth substsnce % content, %
BpateHe KoHTpona
Tillering Control 88.9 2,2 12,5
Meradpon
Megafol 90.1 2,4 13,4
Meradpon
npoTenH
Megafol 89.2 2,5 14,0
protein
BpeTeHeHe KoHTpona
Stem Control 88.7 2,3 12,9
elongation Meradpon
Megafol 89.9 2,3 13,0
Meradpon
npoTenH
Megafol 89.1 2,4 13,6
protein
M3knacsasaHe KoHTpona
Heading Control 88.8 2,2 12,7
Meradpon
Megafol 89.6 2,2 12,4
Meradpon
npoTenH
Megafol 89.0 2,3 13,2
protein
GD 5% 1.14 0.18 0.52

Ha Tabnuua 2 ca npeactaBeHu
pes3yntatute OT uU3c/eABaHUTE MoKasa-
Ten, KOUTO ca M3paseHn B MPOLEHT "
npeacrasnsasar cpeHoO No Tpy noBTope-
HUA 3a TpuTe uscneasaHn roguHn. OT Ha-
npaBeHUss XMMUYEH aHa/IM3 e ycTaHoBe-
HO, Ye NpuioxeHneTo Ha Meradon npo-
TEeMH BOAW OO0 yBeNMyaBaHe CbAbpXa-
HMETO Ha CypoB MPOTEVH B 3BLPHOTO Ha
copt Mpepen. ToBa ce Habnwgasa npu
TpuTe a3y Ha pasBuTue, KaTo YyBesiu-
YEHMETO € Ha-CUHO U3Pa3eHO Crefg,
npunaraHeTo BbLB (pasa OpaTeHe (14 %
CYypoOB MNpOTEWH) B CpaBHEHWE C KOHTPO-

The Table 2 presents the results of
the surveyed indicators, which are
expressed as a percentage and represent
an average of three repetitions for the
three consecutive vyears. From the
analysis of grain chemistry, it has been
found that application of Megafol-protein
results in an increase in the crude protein
content of the Predel grain. This was
observed in the three phases of
development, with the increase being
most pronounced after application in
phases tillering (14% crude protein)
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nata (12.5 %). Te3n pe3yntatu ca B
nosioXuTenHa kKopenauyuss € asoTHOTO
cbabpxaHue (2.5%) 1 cbaobpXKaHUETO Ha
rnyTeH (Mokbp — 31.2 % n cyx — 14.7 %)
Nno BpemMe Ha TpeTMpaHeTo BbB (pasa
6pateHe (Tabnvua 3).

Mo-BUCOKOTO KauyecTBOTO Ha
3bPHOTO Ha TBbpAata MweHuua copt
Mpegen e B pe3ynTar Ha NOIOKUTE/THOTO
Bb3[leiCTBME HA W3NUTBAHUTE OpraHo-
MUHEPasHN MPOAYKTN BBbPXY K3cnenBa-
HWTE NokasaTesnu.

Tabnuua 3.

compared to the control (12.5%). These
results were in positive correlation with
the nitrogen content (2.5%) and gluten
(wet - 31.2% and dry - 14.7%) during the
tillering phase treatment (Table 3).

The higher grain quality of Durum
wheat Predel variety is a result of the
positive impact of studied organo-mineral
products on the tested indicators.

BnusiHne Ha OpraHo-MVMHEPASTHUTE MPOAYKTU BbBbPXY HSKOM

TEXHOJIOTNYHN XapakKTeEPUCTUKMN Ha 3bPHOTO Ha TBbpAdata nueHunua (cpe,qu

2014-2017)
Table 3.

Influence of organo-mineral

products on some technological

characteristic of Durum wheat grain (average 2014-2017)

®a3un Ha Mpoayktn Mokbp rnyteH Cyx rnyteH
passuTue Wet gluten Dry gluten
Phases of Products
growth % % to st. % % to st.
BpateHe KoHTpona
Tillering Control 29.5 100.0 131 100.0
Meradpon
Megafol 24.2 82.0 115 87.8
Meradpon
npoTenH
Megafol 31.2 105.8 14.7 112.2
protein
BpeTeHeHe KoHTpona
Stem Control 28.1 100.0 12.1 100.0
elongation Meradpon
Megafol 23.8 84.7 10.1 83.5
Meradpon
npoTeunH
Megafol 32.0 113.9 14.3 118.2
protein
VM3knacasaHe KoHTpona
Heading Control 23.4 100.0 10.7 100.0
Meradpon
Megafol 23.6 100.8 10.9 101.9
Meradpon
npoTenH
Megafol 27.2 116.2 12.4 115.9
protein
GD 5% 3.6 154 2.3 16.1
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Ha Tabnuua 2 ca npeactaBeHu
pesyntatute oOT u3cnefBaHuTe nokasa-
TeNn, KOUTO ca u3paseHu B MPOLEHT U
npeactasnsaBar cpegHo no Tpu MNoBTO-
peHus 3a TpuTe uscnensaHu roguHn. OT
HanpaBeHWss XUMUYEH aHau3 e ycTa-
HOBEHO, Ye MpuioXeHneTo Ha Meradon
npoTenH BOAM OO YyBENMYaBaHe CbAbp-
)K@HMETO Ha CyPOB NPOTENH B 3bPHOTO Ha
copt Mpepen. Toea ce Habnwgasa npu
TpuTe hasu Ha pasBuUTME, KaTo yBesu-
YEHMETO € Ha-CWHO U3Pa3eHO Crefg
npunaraHeTo BbLB haza GpaTeHe (14 %
CYpOB MpPOTENH) B CpPaBHEHWE C KOHTPO-
nata (12.5 %). Te3n pe3yntatu ca B
nonoXxuTenHa kopenaums C as30THOTO
cbabpxaHue (2.5%) 1 cbabpXKaHMETO Ha
rnyTeH (Mokbp — 31.2 % n cyx — 14.7 %)
Mo BpemMe Ha TpeTMpaHeTo BbB (pasa
6pateHe (Tabnuua 3).

Mo-BMCOKOTO KayecTBOTO Ha
3bPHOTO Ha TBbpAaTa MnuweHuya copT
Mpegen e B pe3yntar Ha NOIOXMTENHOTO
Bb34eNCTBUE HA W3NUTBAHWTE OpraHo-
MUHepasiHU NPOAYKTU BbPXY W3cnienBa-
HWUTE nokasaTtenu.

N3BOAN
M3nnTaHuTe HOBU opraHo-
MUHepasiHu  npoayktu  Merachon u

Meradhon nNpoTenH B/USAAT NOSIOXUTENHO
BbpPXy KayeCTBOTO Ha 3bPHOTO Ha
TBbpAara niweHuua copt lMNpepgen.

Te cbaelictBaT 3a MOBULLIABAHE
CTOMHOCTWUTE Ha nokasaTesiMTe maca Ha
1000 3bpHa, XxekTonNuTpoBa Maca W
CTLK/IOBUAHOCT, Kato npu BapuaHTa
TpeTupaH ¢ Merachon BbB (pa3a bpateHe
¢ pos3a 3000 ml/ha Te ca Hai-BUCOKM —
CbOTBETHO 48.8 g; 81.2 kg 1 96.3 %.

MpunoxeHneTo Ha Meradon npo-
TEeWH BOAM [0 yBe/iMyaBaHe CbAbpKaHue-
TO Ha CypoB NPOTEUH B 3BbPHOTO Ha COPT
Mpepen. Toea ce Habnwpaaea npu Tpute
ha3n Ha pa3BuTHe, KaTo YBE/IMYEeHNeTo e
Hall-CU/THO M3paseHo cref, npunaraHeTo
BbB (hasa bpareHe (14 % cypoB NpOTENH)
B CpaBHeHMe c koHTponata (12.5 %).
Tesu pesynrtaTy ca B NOMOXUTESIHA Kope-
naums ¢ aszoTHOTO cbAbpxaHue (2.5%) u

The Table 2 presents the results of
the surveyed indicators, which are
expressed as a percentage and represent
an average of three repetitions for the
three consecutive vyears. From the
analysis of grain chemistry, it has been
found that application of Megafol-protein
results in an increase in the crude protein
content of the Predel grain.

This was observed in the three phases of
development, with the increase being
most pronounced after application in
phases tillering (14% crude protein)
compared to the control (12.5%). These
results were in positive correlation with
the nitrogen content (2.5%) and gluten
(wet — 31.2% and dry — 14.7%) during the
tillering phase treatment (Table 3).

The higher grain quality of Durum
wheat Predel variety is a result of the
positive impact of studied organo-mineral
products on the tested indicators.

CONCLUSIONS

The tested organo-mineral products
influence positively the quality of the
Durum wheat variety Predel.

The new products have helped to
increase the values of 1000 grams per
mass, test weight and vitriouness in the
variant treated with the organo-mineral
product Megafol in the tillering phase with
a dose of 3000 ml/ha they are the highest,
respectively, 48.8 g; 81.2 kg and 96.3%.

From the analysis of grain
chemistry, it has been found that
application of Megafol-protein results in
an increase in the crude protein content of
the Predel grain.

This was observed in the three
phases of development, with the increase
being most pronounced after application
in phases tillering (14% crude protein)
compared to the control (12.5%). These
results were in positive correlation with
the nitrogen content (2.5%) and gluten
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CbAbpXaHNEeTOo Ha rnyTeH (Mokbp — 31.2 | (wet — 31.2% and dry — 14.7%) during the
% un cyx — 147 %) no Bpeme Ha | tillering phase treatment.
TpeTMpaHeTo.

NWMTEPATYPA | REFERENCES
1. Abad, A., J. Lloveras and A. Michelena, 2004. Nitrogen fertilization and foliar urea
effects on durum wheat yield and quality and on residual soil nitrate in irrigated
Mediterranean conditions. Field Crops Res., 87: 257-269 (Sp).
2. Blandino, M., P. Vaccino and A. Reyneri, 2015. Late-Season Nitrogen Increases
Improver Common and Durum Wheat Quality. Agronomy Journal, 107(2), 680-690 (It).
3. Brown, B.D. and S. Petrie, 2006. Irrigated hard winter wheat response to fall,
spring, and late season applied nitrogen. Field Crops Res. 96: 260-268.
4. Delchev, G., I. lvanova and D. Nenkova, 2004. Study of some combinations of
growth regulators and complex foliar fertilizers in durum wheat. Plant Growth Sciences,
XLI(6), 552-555 (BQ).
5. Delchev, G., 2010. Grain yield and quality of durum wheat when treated with some
complex and organic foliar fertilizers. Soil Science, Agrochemistry and Ecology,
XLIV(3), 46-51 (Bg).
6. Delchev, G. and A. Stoyanova, 2013. Changes in the sowing properties of durum
wheat seed in the use of leaf fertilizers, stimulants and antitranspirants. Plant studies.
11(6), 215-216 (Bg).
7. Delfine, S., R. Tognetti, E. Desiderio and A. Alvino, 2005. Effect of foliar
application of N and humic acids on growth and yield of durum wheat. Agron. Sustain.
Dev., 25, 183-191 (lt).
8. Kolev, T., I. Petrova, Zh. Todorov, L. Koleva-Valkova, 2015. The influence of
natural organic products on the productivity of Durum wheat. 4™ International Scientific
and Practical Conference. 21-29 May 2015. Irkutsk. 29-33 (Bg).
9. Orcen, N., M. Tosun, and E. Irget, 2013. Effect of nitrogen fertilizer timing and
source on some yield and quality parameters of durum wheat (Triticum durum). J.
Food Agric. Environ., 11: 943-948 (Tr).
10. Smith, G.H., K. Chaney, Ch. Murray and M.S. Le, 2015. The Effect of Organo-
Mineral Fertilizer Applications on the Yield of Winter Wheat, Spring Barley, Forage
Maize and Grass Cut for Silage. Journal of Environmental Protection, 6, 103-109.
11. Stoyanova, A., 2010. Foliar fertilizers and wheat grain quality. Agriculture plus,
N 5, 33-39 (Bg).
12. Wolber, D. and E. Seemann, 2006. Use of growth regulators in cereals in 2006.
Getreide Magazin, (1), 22-29 (D).
13. Yanev, Sh., D. Dechev, Ts. Lalev, |. Saldzhiev, G. Panayotova, G. Delchev, T.
Kolev and S. Rashev, 2008. Technology for growing Durum wheat. Publishing
Temko, Stara Zagora (Bg).

92



Journal of Mountain Agriculture on the Balkans, 2018, 21 (2), 93-100
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

ISSN 1311-0489 (Print)
ISSN 2367-8364 (Online)

OugeHKa cTabuIHOCTTa Ha CMEeCcU CbC CUHTETUYEH
npon3xoA npuaaraHy 3a KOHTPOJ1 HA OCHOBHMU
HenpusTenn Npu nouepHa

MBenuHa Hukonosa™, Hatanus Meopruesal, Mposn fenues?

1I/IHCTl/lTyT no pypaxkHuTe KynTypwu, MNneseH, yn. "IreHepan Bnagumup Bazos” 89
*Tpakuiicku yHuBepcuTeT, CTapa 3aropa, CTY/AeHCKU rpaf,

Evaluation of the stability of mixtures products
with synthetic origin applied to control
of major insect pests in alfalfa

Ivelina Nikolova'*, Natalia Georgieva', Grozi Delchev?

YInstitute of Forage Crops, Pleven, “General Vladimir Vazov” str. 89
*Thracian University, Stara Zagora, Studentski Grad

*E-mail: imnikolova@abv.bg

Received: 17.04.2018

PE3HOME

HanpaBeHa e ctatucTmyecka oLeH-
Ka 3a XxapakTepusmpaHe npeacTaBUTEN-
HOCTTa U JOCTOBEPHOTO B/INAHME HA CUH-
TETUYHUST MHCeKTUUMA Edhopus, npuno-
XEeH CaMOCTOSITE/IHO M B peayumpaHu
[031 C MYHepa/iHO Macno Akap3uH, Bbp-
Xy MPOAYKTMBHOCTTAa Ha Haja3emHaTa
Maca npu fuepHa vpe3 AMCNepCUOHEH
aHa/IM3 U NnapameTpuyHnsa Kputepuin F Ha
duwep. O6GOGLWABAWMAT KpUTEpuii 3a
ctabunHoct YS; Ha Kang, oTuuTaiiku
€0HOBPEMEHHO W  CTabwiHocTTa, MU
CTO/HOCTTa Ha [Ao6MBa fAaBa HeraTMBHa
OlLleHKa Ha HeTpeTMpaHaTa KoHTpona,
XapakTepusmpariky S Kato Hai-HUCKO Ao-
6uBHa. Crnopefs TO3W KpPUTEPWiA TEXHOO-
TMUYHO Haii-LieHeH e BapuaHTa AKap3vH +
Edopusa — 0.03 %, cnegsaH OoT Akap3uH +
Edopua — 0.01 % un camocTtosATenHara
ynotpeba Ha Edopusa. Tesn BapuaHTu
cbyeTaBaT BMCOKM CTOMHOCTM Ha gobuea
MU MHOTO BUCOKa CTaBGW/IHOCT Ha nokasa-
Tens npes pasnuuHute roguHu. OT rnega-
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SUMMARY

A statistical evaluation was carried
out to characterize the representativeness
and credibility of the synthetic insecticide
Eforia, applied alone and in reduced
doses with mineral oil Acarzine, on the
productivity of the dry aboveground
biomass in alfalfa by dispersion analysis
and Fischer's parametric F criterion.
Kang's YS; aggregate stability criterion,
taking into account both stability and yield
value gave a negative evaluation of the
untreated control characterizing it as the
lowest yield.

According to this criterion, the most
technologically valuable was variant
Akarzin + Eforia - 0.03%, followed by
Akarzin + Eforia - 0.01% and Eforia, which
was applied alone.

Those options combined high yield and
very high stability of the indicator over the
years. In terms of technology for growing



Ha Touyka Ha TexHoMornaTa 3a OTI/IeX-
JaHe Ha nouepHa 3a ypax, caMmocTos -
TENIHOTO TpeTupaHe ¢ Akap3uH nosiyyasa
ouyeHka 0. To cbuyeTaBa A06pu A06KBY,
HO C MO-HMUCKa CTabWNHOCT npe3 oTaen-
HWUTE rOAVHMN Ha NPOoy4YBaHETO.
Kntoyosu LyMu:
CYHTETMYEH  MHCEeKTMUuA,
Macsio, cMecu, ctabuHocT

niouepHa,
MUHEPaTHO

YBO/,

Bce noBeuye npoyyBaHusl cv NOCTaBAT
3a Uen He caMO TbpCEHE Ha BapuaHTu U
pelleHnst 3a nNoBuLLIaBaHe NPOAYKTUBHOCTTA
W  KayecTBOTO Ha Kyntypute, HO W
nogobpsiBaHe KOHTpoONa Ha BpeguTenuTe
ypes  KOMOGWMHMpAHO  U3non3BaHe  Ha
WHCEKTUUMAN C pacTeXxHW perynartopu,
6vocTMynaTopu ¥ NUCTHM TOpoBe B
YC/I0BMSITA HA WHTErpypaHo Npou3BOACTBO
(Georgieva and Nikolova, 2010; Nikolova
and Georgieva, 2015). OT ronisiMo 3Ha4eHne
€ 1 npuiaraHeTo Ha CenekTUBHM NecTuLmMan
C MVHMMAa/IHO CTPaHU4YHO [EeNCTBUE BbPXY
6roLUeHO3UTe U ONTUMMU3MPaHe Ha [Jo3uTe
umM. MpunaraHeTo Ha pas/IMYHU MeToaM Lie
crnocobcTBa KakTo 3a nosullaBaHe edek-
TUBHOCTTA Ha CEe/ICKOCTONAHCKOTO Mpou3-
BOACTBO, Taka W 3a MpeojosisBaHe Ha
HeraTUBHWTE MOCeAMUU OT abuoTUuYeH W
6uotnyeH ctpec (Deka et al., 2011;
Mascarin and Delalibera, 2012).

PepyuvpaHata ynotpeba Ha npena-
paTy 3a pacTuTesiHa 3awuta U CbBMECT-
HOTO UM MpunaraHe ¢ pas/ivyHu NPOAYKTH,
CTUMYNMpaLLM pacTexa M pasBUTMETO Ha
pacTeHusiTa, € [Jpyr ekosiorocbobpaseH
noaxopn B vHTerpMpaHara 6opba ¢ Henpus-
TenMTe W UEenM HaMma/isiBaHe HeraTuBHOTO
necTyUMaHO Bb3AelicTBME BbPXY OKOMHaTa
cpefa. ToBa ocurypsiea He camo Jobpa
3alWyTa Ha pacTeHuaTa v peanusnpaHe Ha
3HAUMTEsNIHO MO-BMCOKA MPOAYKTUBHOCT, HO
U BB3MOXHOCT 3a MOBMWLIABaHE YCTOWYM-
BOCTTa Ha pacTeHusiTa KbM HSIKOWM Henpusi-
Tenu (Tsybulko et al., 2000; Demkin, 2008).
MpoyyBaHusiTa, OTHOCHO CTabuMHOCTTa Ha
U3MN0M3BaHN CpeLLy HeNpUATEIUTE MHCEKTU-
UMaM U TAXHaTa CbBMECTUMOCT C NPOAYKTA
C pa3nNnyHo 6MONOTNYHO AelicTBUe, ca CbLlo
OT 3HauYeHue 3a NpoBexAaHe Ha ycnelleH
WHTErpvpaH KOHTPOA. Y Hac TO3uM pof
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alfalfa for forage alone treatment with
Akarzin received a score of 0.

It combined good yields, but with lower
stability over the years of the study.

Key words: alfalfa, synthetic
insecticide, mineral oil, mixed, mixtures,
stability

INTRODUCTION

The aim of more studies was not
only looking options and solutions to
improve productivity and quality of crops,
but also improve pest control through the
combined use of insecticides with growth
regulators, biostimulators, and leaf
fertilizers in the context of integrated
production (Georgieva and Nikolova, 2010;
Nikolova and Georgieva, 2015). It is also
important to apply selective pesticides
with a minimum side effect on the
biocenosis and optimization of their
doses. Application of various methods will
contribute both to increase the efficiency
of agricultural production and to overcome
the negative consequences of abiotic and
biotic stress (Deka et al., 2011; Mascarin
and Delalibera, 2012).

The reduced use of pesticides
doses and their application with various
products stimulating plant growth and
development is another environmentally
friendly approach in the integrated pest
control. The method leads to a reduction
of the negative pesticide impact on the
environment. This provides not only better
plant protection and higher productivity
but also an opportunity to increase plant
resistance to certain insect pests
(Tsibulko et al., 2000; Demkin, 2008).

Studies on the stability of insecticides and

their compatibility with products of
different biological activity are also
important for successfully integrated

control. That kind of research is still in an
initial stage in Bulgaria and information is



u3cnefBaHus ca BCe OlLe B HaYasleH eTan u
nHpopmaymsaTa e ockbgHa (Delchev et al.,
2013; Georgieva et al., 2015).

Llenta Ha u3cnegBaHeTo e fa ce
OLeHn cTabunHocTTa Ha mnposBuTe Ha
CUHTETUYHNA uHcekTuuma Edhopus, npuno-
XXE€H CaMOCTOATENIHO U B KOMOMHauus npu
peAyuMpaHu [03M C MUHEPasIHO  Macio
AKap3vH Bb3 OCHOBA Ha MPOAYKTMBHOCTTA
Ha HaZ3eMHa 6uomMaca npw nLepHa.

MATEPWNAN N METOA4WA

TpeTMpaHeTo CbC CUHTETUYHUSA
uHcekTnung Edpopus 043 3K, npunoxeH
CaMOCTOSITE/THO M B peayumpaHn [osu
npyM KOMOMHaUWs C MUHepasIHO Macso
Akap3vH (BapuaHTMTe Ha onuta ca
haneHn B Ta6nvua 1) e oCcbLLEeCTBEHO B
HayanoTo Ha UbTexa Ha BTopu nogpact
Ha nouepHa (BbB theHodasza BBCH 59-
60) 3a KOHTPO/1 HA MKOHOMMWYECKN BadKHU
HenpusaTenu, kaTto MeToh OT cucTemarta
3a WHTerpvpaHa pactuTenHa 3awmra.
OnutbT e usBegdeH npes 2014 n 2015
rogvHa Ha BTOpO ONUTHO Mone BbLPXY
CcNnabo M3/Ty)XEH YEepHO3eM MpW HEeNnouB-
HW ycnoBusa cbC copT LJapa”. M3nonssaH
€ MeToAbT Ha AbArnTe napuenu B Tpu
NMOBTOPEHUSI M ECTECTBEHA 3aMaceHoCT Ha
rnoysaTa C XxpaHuUTEe/IHW BELLECTBA.

HanpaBeHa e cTaTucTnyecka oueH-
Ka ype3 AWCMEepCUOHEH aHanu3 1 napa-
MeTpuueH Kputepuin F Ha duwep
(Shannin, 1977; Barov, 1982) 3a xapakTe-
pusMpaHe npeacTtaBuUTesIHOCTTa U JOCTO-
BEPHOTO BAMSIHME BbpXy A06MBaA Ha dy-
pax Mpu nuepHa cnep TpeTupaHe cbe
CUHTETMYHMA WHcekTuumg Edopus npwu
ropenocoyeHnTe BapuaHTtu. MNpu aHanusa
Ha BapuaHca 3a U34YuC/nsiBaHE € U3Mosi-
3BaHa nporpamata ANOVA (JlngaHcku,
1988).

M3uncneHn ca napametpute Ha
cTabunHocT 3a f06MB Had3emHaTa Maca
[BapuaHcuTe Ha cTabunHocT (o7 1 S¢) no
Shukla (1972) u ekoBaneHca W,; no
Wricke (1962)]. Ype3 kputepus 3a cTa-
6unHocT (YS)) Ha Kang (1993) e npeacTa-
BEHA LIEHHOCTTa Ha BCEKM BapuwaHT, npu
€[HOBPEMEHHO OTYMTaHE CTOMHOCTTa Ha
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scarce (Delchev et al., 2013; Georgieva et
al., 2015).

The purpose of the research was to
evaluate the stability of the synthetic
insecticide Eforia, applied alone and in
reduced doses in combination with
mineral oil Acarsin based on the
productivity of aboveground biomass in
alfalfa.

MATERIAL AND METHODS

The treatment with the synthetic
insecticide Eforia 043 ZK applied alone
and in reduced doses in combination with
mineral oil Akarzin (the test variants are
given in Table 1) was performed at the
beginning of the flowering in the second
regrowth of alfalfa (BBCH 59-60) to
control of economically important insect
pests as a method of the integrated plant
protection system. The experimental work
was conducted in the Institute of Forage
Crops (Pleven, Bulgaria) in field
conditions during the period of 2014 to
2015 on slightly leached chernozem with
alfalfa variety "Dara" without irrigation. It
was used the split plot method with three
replications and natural background of soil
supply with the major nutrients.

It was made a statistical
assessment by the analysis of variance
and the parametric criterion (F) of Fisher
(Shannin, 1977; Barov, 1982) for the
characterization of the representativeness
and significant influence of the alfalfa
forage after treatment with Eforia in the
above-mentioned variants. The
programme ANOVA was used for
calculation in the analysis of variance
(Lindanski, 1988).

The parameters of stability for the
productivity of aboveground biomass were
calculated [variances of stability ai and Si

(Shukla, 1972) and ecovalence Wi
(Wrickle, 1962)]. The value of each
variant was presented through the

criterion of stability (Ysi) of Kang (1993),
simultaneously recording the worth of the



nokasarens u crabunHocTTa Ha Ba-
prvaHTa. LleHHocTTa Ha To3u Kputepwuii e,
Yye M3nos3Balikv HenapameTpuyHu MeTo-
AW 1 cTaTUCTUYecKa [oka3aHoCT Ha pas-
NMKNTe, ce nonyyaBa 0606LLEHa OLEHKA,
nogpexpjailia BapuaHTUTE B HU3XOSALL
pef cnopef cTonaHckata UM LeHHOCT. 3a
nu3uucnsBaHe Ha Te3n MapameTpu e
n3non3saHa nporpamara STABLE Ha
Louisiana State University Agricultural
Center, Baton Rouge, USA (1993).

indicator and the stability of the variant.
The value of this criterion consisted in the
fact that through the use of nonparametric
methods and statistical significance of the
differences, it was obtained a generalized
assessment arranging the variants in a
descending order according to their
economic value. The programme Stable
of Louisiana State University Agricultural
Center, Baton Rouge, USA (1993) was
used to calculate these parameters.

Tabnuua 1. XapakTepucTuka Ha CUHTETUYHN NPOAYKTHU
Table 1. Characteristic of synthetic products

TBHProBcky NPOAYKT AKTVBHO BeLLEeCTBO Josza MpunoxeHne
Commercial product Active substance Dose Application
1.KoHTpona/ Control HeTpeTupaHa / Untreated - -
2.Echopus 045 3K 30 g I TnameTokcam + 15 g I nam6aaumxanoTpuH 0.050%  BErerauMoHHo
2.Eforia 045 ZK 30 g I thiamethoxam + 15 g I lambda-cyhalothrin 970 Vegetative
3. AKap3uH 85% MuHepanHo macnio-napagmHos Tvn + 15% 400 BereTaLuoHHo
3.Akarzin emynrarop ) - ml da’ Vegetative

) 85% mineral oil - paraffin type + 15% emulsifier
4.Echopusi 045 3K+ 30 g I" TnameTokcam + 15 g I'' nam6paumxanoTpuH +
Akap3uH 85%+ MuHepanHo macno + 15% Emynratop 0.03%+400 BereTtaLMOHHO
4.Eforia 045 ZK + 30 g I'* thiamethoxam + 15 g I'* lambda-cyhalothrin + ml da™ Vegetative
Akarzin 85% mineral oil - paraffin type + 15% emulsifier
5.Ecpopusi 045 3K + 30 g I TuameTokcam + 15 g I nam6paumxanoTpuH +
Akap3uH 85%-+ MuHepanHo macno + 15% Emynratop 0.01%+400 BereTtaunoHHO
5.Eforia 045 ZK + 30 g I thiamethoxam + 15 g I lambda-cyhalothrin + ml da* Vegetative
Akarzin 85% mineral oil - paraffin type + 15% emulsifier

*[lo3Te Ha TbProBCKMTE MPOAYKTU Ca B 3aBWCMMOCT OT HamnpaBeHata oT dmpmarta npou3BoauTes

pervcTpaums Ha npogykra

*Doses of commercial products are according to the registration of the product by the manufacturer

PE3YJITATU N OBCBXXOAHE
Upe3 HampaBeHMs aHa/iM3 Ha
BapuaHca no OTHOLEHWe Ha aobusa ce
yCTaHOBSABA, Ye roAvHuTe oka3saT 3Hauu-
TENIHO B/IMSIHWE BbPXY TO3U MoKasaresn
(Tabnuuya 2) 17.0 % ot o06uwoeTo
BapupaHe npu U3NUTBaHUTE BapuaHTu
(paHHMTEe 3a cpegHua go6buB ca npefg-
cTtaBeHn B Tabnuua 3). To e 06yc/10BeHO
OT HeefHakBaTa peakuusi Ha BapuaHTuTe
KbM NpoMsiHaTa B yCNOBUSATa Ha cpejaTa.
MpuumHa 3a TOBa ca pasnnuusta B
arpoMeTeoposIOrMYHUTE  YC/I0BUS  Mpe3
roavHuTe Ha ekcnepumeHTta. Cunata Ha
B/IMSIHWE Ha NpenapaTute e Hain-ronsma —
65.5 % npu HMBO Ha BeposiTHocT p<0.01.
BnunsHneTo Ha roguHnTe 1 npenapaTtnte e
[okasaHo npu goctoBepHocT p<0.5.
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RESULTS AND DISCUSSION

By the analysis of variance with
regard to the productivity of aboveground
biomass (Table 2) it was established that
the years had a significant influence on
the parameter, 17.0% of the total variation
of the variants (data on average yield are
presented in Table 3). It was determined
by the unequal reaction of variants to the
change in environmental conditions. The
large differences in the meteorological
conditions during the years of the trial
were the reason for that. The influence of
products had the highest significance at a
level of probability p<0.01 — 65.5%. There
was a significant interaction of products
and the conditions of the years (AxB),
2.6% at a level of probability p<0.5.



Tabnuua 2. AucnepcuoHeH aHa/in3 MO OTHOLIEHWEe Ha MPOAYKTUBHOCT Ha
HaA3eMHa Mmaca npu nouepHa (kg ha'l) cnepn TpeTupaHe
Table 2. Analysis of variance for productivity of aboveground biomass (kg ha'l)

of alfalfa after treatment

M3TOYHVK Ha BapvpaHe
Source of variation

CTteneHun Ha cBoboga
Degrees of freedom

Cyma oT kBagpartu
Sum of squares

BnusHve Ha chakTopa, %
Influence of factor,%

CpepHu kBagpatun
Mean square

O6uwo / Total 44 101721.5 100 -
Bnokose / Tract of land 2 189.0 0.2 94.5
BapuaHTu / Variants 14 86572.5 85.1 6183.8***
daktop A — F'opuHn 2 17261.0 17.0 8630.5%*
Factor A — Years
dakTop B - MNMpenapatn e
Factor B - Products 67655.0 65.5 16913.6
AxB 8 1656.5 2.6 207.1*
pewuka / Pooled error 28 14960.0 14.7 534.3

*p<0.5  **p<0.1  **p<0.01

Ha ocHoBaTa Ha [oKa3aHOTO On the basis of the significant

B3auMogencTBue rogmHa x npenapat (A x
B) e oueHeHa cTabusHoCTTa Ha nposi-
BWTE HA BCEKW BapuaHT MO OTHOLUeHue
Ha rognHute (Ta6nuuya 3). BapuaHcute
Ha ctabunHocT (0° U S?) Ha Shukla,
KOUTO OTYMTAT CbOTBETHO JIMHEWHUTE U
HEeNWHEeHN B3aMMOAENCTBMSA, efHoMNo-
COYHO OUeHsiBaT CTabunHoCcTTa Ha Ba-
praHTute. Te3n oT TAX, KOMTO Mokas3Bar
MO-HUCKN CTOWHOCTM ce XapakTepuaupar
Kato no-ctabunHu, 3auwoTo no-cnabo
B3auMMOJECTBaT C yCc/ioBMATa Ha cpeja-
Ta. OTpuyaTenHMTe CTOMHOCTW Ha Moka-
satenute of W S ce npuemar 3a O.
BapuaHTuTe ce pasrnexgar kaTo HecTta-
OUIHU NpPU  JOCTOBEPHO BWCOKM CTOW-
HOCTM Ha KOWTO M ga e OT gBaTta napa-
MeTbpa - 67 um Si°. Mo OTHOLEHWE Ha
ekoBaneHcbT W; no Wricke, KOMKOTO no-
BMCOKM Ca CTOMHOCTMTE Ha nokasaTens,
TOMIKOBa MO-HECTabu/ieH € CbOTBETHMSA
BapuaHT.

OTunTaiikn Te3n Tpu napameTbpa
Ha CTabw/HOCT ce ycTaHOBsiBa, Y€ Ba-
pPYaHTbT C MUHEPANIHOTO Macno AKap3uH
e HecTabwuneH. MNMpu Hero CTOMHOCTUTE Ha
BapuaHcuTe Ha CTabuiHocT G;° U S2 no
Shukla n Ha ekoBaneHca W, no Wricke ca
Hai-Bucokun. Mpu TpeTupaHe ¢ Akap3vH
ChbllecTByBa HeCTa6w1H020T OT JIMHEEH
TMN — CTOMHOCTWUTE Ha O;° ca JoKasaHu,
[OKaTo CTOMHOCTUTE Ha S ca Hepjoka-
3aHW. Tasnm HecTabusIHOCT ce Ab/KU
OCHOBHO Ha pasnukuTe B fobusute npes

interactions of product x year (AxB), the
stability of manifestations of each variant
was evaluated with respect to the years
(Table 3). The variances of stability, oi’
and Si°, which take account of the linear
and nonlinear interactions, respectively,
evaluate unidirectionally the stability of
the variants.

Those variants, which showed lower
values, were estimated as more stable
because they interacted more weakly
with the environmental conditions. The
negative values of the indicators oi® and
Si* were taken for 0. At significantly high
values of any one of the two parameters
(oi* or Si®) the variants were considered
as unstable. At the ecovalence Wi, the
higher the values of the parameter, the
more unstable the corresponding variant.

On that basis, using these three
parameters of stability, it was found that
the variant with mineral oil Akarzin was
unstable. For that variant, the values of
the variances of stability oi° and Si2 and
ecovalence Wi were highest. By
treatment with Akarzin there was
instability of a linear type - the values of
i’ were mathematically significant, while
the Si’ values were insignificant. That
instability was mainly due to the
significant differences in the productivity
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OTAE/IHUTE TOAMHU Ha MPOYYBAHETO, KaTo

arpoMeTeopO/IONMYHNTE YCI0BUSA OKas3gaT | as

CWUJTHO B/TUAHNE.

during the different experimental years,
the  meteorological  conditions
influenced strongly.

Ta6nuua 3. MapamMeTpyn Ha CTabU/THOCT Ha BapuaHTUTE 3a MPOAYKTUBHOCT Ha
HaA3eMHa Maca Mo OTHOLWIEHWE Ha roguHnuTe
Table 3. Stability parameters of the variants for productivity of aboveground

biomass in regard to the years

BapuaHTy kg ha™ o? S? W, YS,
KoHTpona / Control 3012.0 a 301.2 226.7 -0.4 355.0 -2
Echopus 045 3K / Eforia 045 ZK — 0.05% 3748.0 ¢ 374.8 -26.4 -0.8 51.3 4+
Akap3uH / Akarzin-400 ml/da 32740 b 327.6 428.6* -0.9 597.2 0
Akap3uH + Ecbopus (0.03%) )
Akarzin+Eforia (0.03%) 3998.3d  399.8 240.8 0.6 3719 8+
Akap3uH + Ecbopus (0.01%)
Akarzin+Eforia (0.01%) 3946.7 cd 394.7 167.1 0.9 283.4 6+
LSD o.05% 208.800

3a pa ce HanpaBu USIOCTHA In order to make a complete

OuEeHKa Ha edqeKTMBHOCTTa Ha BCEKu
BapuaHT, TpsbBa fa ce OT4yeTe, KakTo
B/IMSAHNETO My BbpXYy [A06MBa, Taka W
Heropata CTabW/IHOCT - peakuyusTa Ha
Kyntypata npe3 pas/NdHUTE TOOVHN.
Ocob6eHo BaxkHa UHhopmauns 3a TexHo-
normyHaTa LEeHHOCT Ha BapuaHTuUTe JaBa
nokasarena YS; Ha Kang 3a epgHo-
BPEMEHHA OUEHKa no obus u ctabun-
HOCT, KaTo Cce OCHOBaBa Ha [0CTOBep-
HOCTTa Ha pasnukiTe B o6UBa U BapuaHca
Ha B3aMMOAeiCcTBMETO ChC cpejaTa.
Heobxoaumo e ga ce otbenexwu,
ye TpeTUpaHeTo Ha JwuepHata cC
Ecopusi B pegyumpaHn [o3vM M B KOM-
O6UHaLMsA C MMHEPa/THOTO Macsio e CBbp-
3aHO C BuCOKa edMKacHOCT U peasnnau-
paHe Ha Hali-BMcoKa NpPOAYKTUBHOCT, C
JOKa3aHU pasnK1M CIpsMO OCTaHa/mTe
BapuaHTM. CxogHun pesyntaTn cbobuia-
BaT Yankova n konektus (2009), kbaeTto
npv KOMBUHMPAHO U3MO/I3BaHe Ha CUHTe-
TUYHN UHCEKTULMAN C AKap3uH, KakTo u
npu CaMOCTOATESTHO NpuiaraHe Ha MuUHe-
paslHOTO Macso cpelly Myzus persice ce
yCTaHOBsiBA BMCOKa e(qMKacHOCT Ha
npogyktute. Cnopepg aBTOpuUTe  TO3M
oakT gaBa gpyra aJitTepHaTMBHa Bb3MOX-
HOCT 3a KOHTpO/SiMpaHe MAbTHOCTTa Ha

evaluation of the effectiveness of each
variant, both its influence on the
productivity of alfalfa and its stability, the
reaction of the crop in the different years
should be taken into account. Very
valuable information about the
technological value of the variants was
given by the indicator YSi for a
simultaneous evaluation of vyield and
stability, based on the significance of the
differences in the yield and the variance
of interaction with the environment.

It should be noted that the
treatment of alfalfa with Eforia in reduced
doses and in combination with the
mineral oil was associated with the
highest efficacy and realization of the
highest productivity, as differences
compared to the other variants were
significant.  Similar results reported
Yankova and colleagues (2009), where
the combined use of synthetic
insecticides with Akarzin and it alone
application against Myzus persice
resulted in high product efficacy.

According to the authors, that fact gives
another alternative possibility to control
green peach aphid density in greenhouse
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3e/leHaTa npackoBeHa MINCTHa BbLUKa Npu
OpaHXepuinHO NPOM3BOACTBO Ha nunep.

O606WwaBawunAT KpuTepuini 3a cTa-
ounHoct YS; Ha Kang, oTuuMTaikum egHo-
BPEMEHHO W CTabWMHOCTTa, U CTOMHOCTTa
Ha fgobuBa [JaBa HeraTMBHa OLEHKa Ha
HeTpeTMpaHaTa KOHTPO/a, XapakTepuau-
paiikn 51 KaTo Hal-HUCKO o6uBHa. Crnopes
TO3M KPUTEPUIl TEXHOIOTUYHO Hal-LeHEH e
BapuaHTa Akap3uH + Edopua — 0.03 %,
cnegpaH ot AkapsuH + Edhopusa - 0.01 % un
camocTosTeNnHara ynotpe6a Ha Edhopus.
Te3n BapuaHTM cbyeTaBaT BWUCOKU CTOW-
HOCTU Ha Ao6uBa M MHOTO BMCOKa CTabus-
HOCT Ha nokasaTens npe3 pasnuyHuTe
rOAMHN.

OT rnefHa Touka Ha TexHonorusaTa
3a oTriexgaHe Ha JouepHa 3a dypax,
CaMOCTOATE/IHOTO TpeTupaHe ¢ Akap3uH
nonyyasa oueHka 0. To cbyeTaBa 4o6pu
[06MBM, HO C NO-HMCKa CTabM/THOCT npes
OTAe/IHMUTE TOANHN Ha NPOYYBaHETO.

N3BOAN

— C Hait-Bucoka cTtabunHocT
ce OT/IMyaBa KOMOVHMPAHOTO TpeTupaHe Ha
nouepHa ¢ Edopus 045 3K B pegyumpaHa
posa 0.03% wu MuHepasIHOTO Macso
Akap3uH, cnegsaH ot AkapsvH + Edhopus —
0.01 % u camocTosiTesiHaTa ynotpeba Ha
Edopus.

— TexHONOIMYHO Hali-LeHHMN,
cbueTaBalin  BuUCOKa  CTAbWIHOCT U
NPOAYKTUBHOCT Mpe3 pasfIYHUTE TOAUHMU,
ce sBABaT BapuaHTUTe C MNPUIOXKEHUE Ha
CUHTETUYHNA  MHCeKkTuumg Edopusa B
pefyuvpaHu Ao3u 1 Akap3uH.

pepper production.

The generalizing criterion  of
stability YSi, which considered both
stability and value of productivity, gave a
negative evaluation only for the untreated
control, characterizing it as the most
unstable and low-yielding variant.
According to that criterion, Akarzin +
Eforia 0.03% was the technologically
most valuable variant, followed by
Akarzin + Eforia 0.01% and alone use of
Eforia. These variants united high values
of yield and high stability of this indicator
during the different years.

The treatment with Akarzin given a
score of 0 in terms of technology for
alfalfa grown for forage. It combined good
yields, but with lower stability over the
years of the study.

CONCLUSIONS

The combined treatment
of alfalfa with Eforia 043ZK in a reduced
dose of 0.03% and mineral oil Akarzin
was the technologically most valuable
variant, followed by Akarzin + Eforia
0.01% and alone use of Eforia.

Variants of combined use
of the synthetic insecticide Eforia in
reduced doses and Akarzin were
technologically the most valuable, uniting
high stability and productivity over the
years.

NMTEPATYPA /| REFERENCES

1. Barov, V., 1982. Analysis and schemes of field experience. NAPS, Sofia (Bg).
2. Deka, S., RK. Tanwar, R. Sumith, N. Sabir, OM. Bambawale and B. Singh,
2011. Relative efficacy of agricultural spray oil and azadirachtin against two-spotted
spider mite (Tetranychus urticae) on cucumber (Cucumis sativus) under greenhouse
and laboratory conditions. Indian Journal of Agricultural Sciences, 81 (2), 158-62.

3. Delchev, G., N. Georgieva and I. Nikolova, 2013. Stability evaluation of
mixtures among preparations with different biological effect on the basis of grain yield
in spring vetch. Agricultural science and technology, 5 (3), 313-317.

4, Demkin, VA, 2008. Agroecological aspects of pea protection from a complex
of harmful insects in the zone of unstable moistening of the Stavropol Territory.

Dissertation, Stavropol, Russia (Ru).

99



5. Georgieva, N. and I. Nikolova, 2010. Study of influence of new biologically
active substances on the grain yield and density of Acyrthosiphon pisi Kalt.
(Homoptera, Aphididae) in sprung forage pea. General and applied plant physiology,
36 (1-2), 40-48.

6. Georgieva, N., I. Nikolova and G. Delchev, 2015. Organic cultivation of field
pea by use of products with different action. Spanish Journal of Agricultural Research,
13 (4), e0906, 13 pages.

7. Kang, M., 1993. Simultaneous selection for yield and stability: Conseguence
for growers. Agronomy Journal, 85, 754-757.

8. Lidanski, T., 1998. Statistical methods in biology and agriculture. Zemizdat,
Sofia (BQ).

9. Mascarin, GM. and |.Jr. Delalibera, 2012. Insecticidal activity of the
granulosis virus in combination with neem products and talc powder against the potato
tuberworm phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae). Neotrop.
Entomol. (2012) 41:223-231.

10. Nikolova, I. and N. Georgieva, 2015. Systems of organic farming in spring
vetch II: Biological response of Aeolothrips intermedius Bagnall and Coccinella
septempunctata L. Pesticides and Phytomedicine, 30(3), 147-153.

11. Shannin, J., 1977. Methodology of Field Experience. Bulgarian Academy of
Sciences, Sofia (Bg).

12. Shukla, G., 1972. Some statistical aspects of partitioning genotype -
environmental components of variability. Heredity, 29, 237-245.

13. Tsibulko, VS, Yu. Buryak, S. Popov and O. Chornobab, 2000. Pea, winter
vetch, lucerne. Novelties in the technology of cultivation for seed, Kharkov, University
Press, Ukraine.

14. Wricke, G., 1962. Uber eine Methode zur Erfassung der ekologischen
Strekbreitein Feldersuchen. Pflanzenzuecht, 47, 92-96.

15. Yankova, V., D. Markova, V. Todorova and G. Velichkov, 2009. Biological
activity of certain oils in control of green peach aphid (Myzus persice Sulz.) on pepper.
Acta Hortic, 830: 619-626.

100



Journal of Mountain Agriculture on the Balkans, 2018, 21 (2), 101-111
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

ISSN 1311-0489 (Print)
ISSN 2367-8364 (Online)

CpaBHUTE/THA OLiEHKA Ha ToJlepaHTHOCTTa
KbM HUCKM TeMnepaTypu Ha o6pasum rpax

Hatanusa Feopruesa™, MisennHa Hukonosa', BaneHTuH Koces?,
AHHa WnueBal, HypeTTuH TaxcuH?

"MucTUTYT No dypaxnn KynTypu, FeH. Bnagumup Basos 89, 5800 MneBeH, Bbarapus
“ArpapeH YHusepcuTeT, MeHgenees 12, 4000 Mnosaus, Bbnrapus

Comparative assessment of tolerance
to low temperatures of pea accessions

Natalia Georgieva'*, Ivelina Nikolova', Valentin Kosev?,
Anna llieva®, Nurettin Tahsin?

YInstitute of forage crops, 89 Gen. Vladimir Vazov str., 5800 Pleven, Bulgaria
2Agricultural University, 12 Mendeleev str., 4000 Pleven, Bulgaria

*E-mail: imnatalia@abv.bg

Received: 27.03.2018 Accepted: 20.07.2018 Published: 20.09.2018

PE3IOME SUMMARY

HacTosweto npoyysaHe numa 3a Len The present study aimed to assess
OueHka  TonepaHTHOCTTa  KbM  HUCKM | the tolerance to low temperatures of 10
Temnepatypu Ha fgeceT obpasun rpax | pea accessions (Kolorado, Arkta, P-342,

(Kolorado, Arkta, P-342, Wt 6806, Ne3981,
Fenn, BR 2-P, Szegedi szurke, WPM, Mir).
EkcnepuMeHTBHT € ocbliecTBeH npe3 2016
r., B naboparopHara 6a3a Ha HcTuTyTa no
nosapctBo n BuHapcTBo (MneBeH), B xna-
OWMHa Kamepa no metoja Ha Mnpsako 3ampa-
3aBaHe A0 Temnepatypa -11 °C. MNoanoxe-
HATE Ha CTpec pacTeHus npossBasar
pasfiMyHa 4yBCTBUTE/IHOCT KaTo NPOLEHTHLT
npexuBsemocT Bapupa B rpaHuumTte ot 35.0
Ao 100.0%. O6pasuyute Kolorado, Arkta,
Fenn n Mup ce oT/imMyaBaTt C Hail-Bucoka
NnpoueHT npexuBenn pacteHusa  (85.0-
100.0%) n cnopefs M34YNCAEHUTE CTOMHOCTK
Ha [OBepuTeNiHUA WHTepBas 3a BCeku OT
TAX, hopmupart efHa rpyna, onpegenswa rm
KaTo TosiepaHTHW. YeTnpu oT obpasumTe (P-
342, Wt 6806, Ne 3981 n WPM) nokassar
CpaBHUTE/THO HUCKa npexussieMocT (oT 35.0
0o 48.3%) 1 ce onpepenaT Kato 4YyBCTBM-

Wt 6806, Ne3981, Fenn, BR 2-P, Szegedi
szurke, WPM, Mir). The experiment was
carried out during 2016, in the laboratory
base of the Institute of viticulture and
enology (Pleven), in a frost camera up to
-11 °C, by the direct freezing method. The
stress-exposed plants exhibited different
susceptibility as the percentage of
surviving plants varied in the limits of 35.0
to 100.0%. Accessions Kolorado, Arkta,
Fenn and Mir were distinguished with the
highest survival (85.0-100.0%) and
according to the calculated values of the
confidence interval for each of them, they
formed one group defining them as
tolerant. Four of the accessions (P-342,
Wt 6806, Ne 3981 and WPM) showed a
relatively low survival (from 35.0 to
48.3%) and were determined as
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TENHW Ha HuckoTemnepaTypeH ctpec. Cbe
CTOMHOCT Ha npexuBsiemocT oOT 75.0%,
obpasel, Szegedi szurke 3aemMa MeXAWHHO
nosioXxeHve U e cpegHoTonepaHTeH. Mapa-
MeTpuTe, KopenmpaLiy ¢ BUCOKMA CTOMHOCTU
C TONepaHTHOCTTa KbM HUCK/ TemnepaTtypu
ca CbAbpXaHve Ha BOAOPA3TBOPUMMU
3axapu Ha pacTteHnsta (r = 0.833),
OTHOCUTENIHO  BOAHO CbAbpXaHWe Ha
nnctata (r = -0.862) 1 MHAEKC Ha XN3HEHOCT
Ha cemeHarta (r = 0.691).

KnoyoBn AaymMn:  TONIEPaHTHOCT,
HWCKM Temnepartypu, rpax, obpasuu

yBO/[,

MpaxbT € WKOHOMUYECKN BaxHa
6060Ba KynTypa. Toli MMa OCHOBHO 3Ha-
YyeHne 3a CUCTEMUTE Ha CEeJICKOCTONAaHCKO
Npou3BOACTBO, OCUTYpPSIBAKM YCTONYN-BOCT
N BB3MOXHOCT 3a poTaums Ha Kyn-Typure.
MpegvmcTBaTta Ha poTauuute BKIOYBAT
nosulaBaHe Ha a30THOTO CbAbpXaHue B
noysata upe3 OWonornyHa dmkcaums wu
Bb3MOXHOCTW 3a KOHTPO/ST Ha njeBenure
(Shafig, 2012). CemeHata n 6uomacarta Ha
rpaxa ca 6oraTy Ha npoTeuHuW, nopagu
KOeTO Cce W3No/3BaT LUMPOKO 3a diypax B
CBEXO CbCTOSIHME, 3a 3e/IeHO TOpeHe, KaTo
ceHo u cunax (Mihailovié and Miki¢, 2004;
Nunes et al., 2006).

EOvH oT ocHoBHUTe dhakTopu, orpa-
HMYyaBallM BMcOKaTa MPOAYKTUBHOCT Ha
KynTypaTta u paswipsiBaHeTO Ha paiioHuTe
Ha oTrnexpgaHeto U B CBETOBEH Mallab, e
YyBCTBMTE/IHOCTTA KbM HUCKM Temneparypu
(Shafiq, 2012). Hucknte Temnepatypv npea-
cTaBnsABaT cepuo3eH npobnem 3a rpaxa
KakTo BbB BeretatMBHaTa, Taka W B
penpogyktuBHata gasa Ha passutue. Npu
TemnepaTtypHuUTe YC/0BMS Ha CTpaHuTe OT
EBpona n CesepHa Amepuka CTyAbT npes
3umarta unmM cnadata npes paHHa nponet
MoraTt 3HauMTesIHO Aa NnoBpedAaT Wan YHU-
woxar pacteHusita (Stoddard et al., 2006).
MoHMxaBaHeToO Ha Temneparypara Ha HuBa
nog 0 °C BoaM A0 TpaHcopmMpaHe Ha
BojaTta B pacTUTe/NIHUTE TbKaHu B NefeHu
KpucTanu, BbTPELIHOKeTbYHA Aexuaparta-
unsa n nospegn. Bb3MOXHO e paspyluaBaHe
Ha njasmeHaTa MembpaHa, nocneasaHo OT
KnetbyHa cMbpT (Jacobsen et a., 2005).

OTrnexgaHeTo Ha rpaxa kato 3umHa

susceptible to low-temperature stress.
With a survival value of 75.0%, accession
Szegedi szurke occupied an intermediate
position and was moderately tolerant. The
parameters correlating with high values
with the tolerance to low temperatures
were the content of soluble sugars
(r = 0.833) in plants, relative water content
(r = -0.862) of leaves and seedling vigor
index (r = 0.691).

Key words: tolerance,
temperatures, pea, accessions

low

INTRODUCTION

Pea is an economically important
legume culture. It has a fundamental
meaning for agricultural  production
systems, providing sustainability and
possibilities for crop rotation. Advantages
of crop rotation include increasing
nitrogen content in the soil through
biological fixation and improved weed
control (Shafig, 2012). The seeds and
biomass of pea are rich in proteins
wherefore are widely used for fresh
fodder, green manure, as hay and silage
(Mihailovi¢ and Miki¢, 2004; Nunes et al.,
2006).

One of the main factors limiting the
high productivity of the crop and the
enlargement of the cultivated areas in the
world is the sensitivity to low temperatures
(Shafigq, 2012). Low temperatures are a
serious problem for pea in both the
vegetative and reproductive stages of
development. Under the temperature
conditions of the countries of Europe and
North America, cold in the winter or frost
in early spring could significantly damage
or kill the plants (Stoddard et al., 2006).

Lowering the temperature below 0 °C
results in the water transformation into
plant tissues in ice crystals, intracellular
dehydration and damages. It is possible a
rupturing the plasma membrane followed
by cellular death (Jacobsen et al., 2005).

Growing pea as a winter crop for
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KyNnTypa 3a yC/oBusiTa Ha cTpaHaTa U3ncKBa
obpasuu, wusgbpxawy Temnepatrypu Ao
-12 + -20°C npw nonckn ycnosus (Kostov
and Pavlov, 1999) w1 nposiBABaLWM
TO/MIepaHTHOCT M HUCKa CTeneH Ha noBpeau
npu Hucku TemnepaTtypu. Peguua wuscne-
JoBaTenu ca TecTBasIM YyBCTBUTENHOCTTA
KbM HUCKM TemnepaTypu npe3 MnbpBUTE
HAKOMIKO ceamuLmM OT pasBuTUE Ha rpaxoBu
pacteHuns (Ali et al., 1999; Meyer and
Badaruddin, 2001), kaTo e YycTaHOBEHO
BapvipaHe Mexay 06pasuuTte U NposiBu Ha
TOMEepaHTHOCT B paHHUTE BereTaTuBHU
pasn (Badaruddin and Meyer, 2001;
Bourion et al., 2003). Cnopeg Shafig (2012)
naeHTUUUMpaHETo Ha obpasum cbe cnabo
NposiBeHa YyBCTBUTENIHOCT KbM HWUCKM TeM-
nepaTtypu e OCHOBa 3a Cesiekuusi Ha obpas-
Uy rpax c MoBuLIEHa TOMEepPaHTHOCT KbM
nogobeH cTpec.

Llenta Ha uscnegBaHeTo e pa ce
CpaBHM 4YyBCTBUTE/IHOCTTA KbM HUCKU
TemnepaTypu Ha o6pasym rpax B
XnagunHa kamepa W onpejensHe Ha
o6pasLm ¢ n3paseHa ToNepaHTHOCT.

MATEPWNAN N METO4WA

CpaBHuTENHATA OLEHKA Ha fJecet
o6pasuu rpax (Tabnuua 1) e ocbliecTBe-
Ha npe3 2016 r. B nabopaTopHata 6a3a
Ha VIHCTUTYT NO /103apCcTBO M BUHAPCTBO,
B X/1aAW/IHa Kamepa no Metoja Ha npsKo
3ampassiBaHe (Tsenov and Petrova, 1984;
Shafiqg, 2012).

country conditions requires accessions
that can withstand temperatures up to
-12 + -20 °C under field conditions or
exhibit tolerance and low level of damage
at low temperatures (Kostov and Pavlov,
1999). A number of researchers have
investigated the sensitivity to low
temperatures during the first few weeks of
pea development (Ali et al., 1999; Meyer
and Badaruddin, 2001), with a variation
between accessions and manifestations
of tolerance in the early vegetative stages
were found (Badaruddin and Meyer, 2001,
Bourion et al., 2003). According to Shafiq
(2012), the identification of accessions
with slightly expressed sensitivity to low
temperatures is the base for breeding of
pea varieties with increased tolerance to
such stress.

This study aimed to compare the
sensitivity to low temperatures of pea
accessions in frost camera and
determination of tolerant ones.

MATERIAL AND METHODS

The comparative assessment of 10
pea accessions (Table 1) was carried out
in 2016 in the laboratory base of the
Institute of viticulture and enology, in a
frost camera by the direct freezing method
(Tsenov and Petrova, 1984; Shafiq,
2012).

Table 1. Npousxog M BMAOBa NPUHAAIEXHOCT Ha 06pasum rpax, TeCTBaHU B

YC/1I0BUSI HA HUCKOTEMMNEPATYPEH CTPec

Table 1. Origin and species affinity of pea accessions tested under low-

temperature stress conditions

Ne  O6pasumn/Accessions Mpowu3sxoa/Origin Bua/Species

1. Kolorado CALL/USA P.sativum var. arvense
2.  Arkta Yexus/ Czech Republic P.sativum var. arvense
3. P-342 Cbpbus/ Serbia P.sativum var. arvense
4. Wt 6806 (wild population) Monwa/ Poland P.sativum var. arvense
5. Ne3981 pysus/ Georgia P.sativum var. arvense
6. Fenn CALL/ USA P.sativum var. arvense
7. BR2-P Cobpbus/ Serbia P.sativum var. arvense
8.  Szegedi szurke YHrapusa/ Hungary P.sativum var. arvense
9.  WPM (wild population) Uexus/ Czech Republic  P. sativum var. melanocarpum
10. Mir Bbarapus/ Bulgaria P. sativum var. arvense
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Centba e u3BbPLUEHA Npe3 nbp-
BaTa cegmuua Ha Mecel, OKTOMBPW BbB
BereTaluMoHHM CbJOBEe C  pasmepu
47%x17%13 cm ¢ BmecTumocT 5-6 kg nou-
Ba. PacTteHusATa noHukeart n ce passmBar
npv eCTeCTBEHU YC/I0BUS, NpYU HEO6Xo4u-
MOCT Ce nofvBaT W CBOEBPEMEHHO ce
OTCTpaHsiBa CHeXHata nokpuska (Petrova
and Chipilski, 2014). Npe3 BTOpaTa noso-
BMHA Ha Mecel, AeKkeMBpw, Mpu [ocTu-
raHe Ha TemneparypaTta Ha Bb3gyxa [0
-6 °C, pacTteHusiTa (BbB pasa 3-5 nucT)
BbB BeretauuoHHUTe CbAoBe ce nogna-
rat Ha HUCKoTeMnepaTtypeH cTpec B X/ia-
OWnHa kamepa npu KOHTPOAMpaHu ycno-
BusA. [bpBOHa4YasiHaTa Temnepatypa B
Kamepata e -5 °C, kaTO Ha BCeKu 4ac
CTOMHOCTTa U € noHmkeHa ¢ 2 °C pgo
pocturaHe Ha -11°C  (Popova, 1991;
Shafig, 2012). Bb3geicTBUETO Ha Kpaii-
HaTa Temneparypa npogb/xaBa 3 vaca,
cNnep KoeTo CbAOBETE C rpaxa ce M3Bax-
[Jat oT xnlagunHara kamepa 1 ce aknaima-
TM3MpaT NOCTENEHHO A0 TemnepaTypa Ha
okosniHarta cpega (-2°C).

Cnef NbAHOTO pasmMpassdABaHe Ha
noysaTa, Te Ce NpeHacsT 3a Bb3CTaHOBS-
BaHe M OTpacTBaHe Ha pacTeHusiTa B
na6opatopHu ycnosus. Ha 14™ neH cnep
OCbLLECTBSIBAHE Ha €EKCMepuMMeHTa ca
OTYEeTEHM CTENeHTa Ha nospega (Bu3yas-
HO, Ype3 NpoLEeHTa Ha NoBpeaeHa pacTu-
TenHa naow, ot 0 /6e3 noBpega/ Ao 100%
/HanbNHO 3arnMHanun pacTtenusi/) u npe-
XUBSIEMOCTTa Ha pacTeHusTa no opmMyna-
Ta (Vinogradova and Barshkova, 1976):

Sowing was conducted in the first
week of October in vegetation pots
measuring 47x17x13 cm, filled with 5-6
kg soil. The plants germinated and
developed under natural conditions, if
necessary they were watered and the
snow cover was removed (Petrova and
Chipilski, 2014). In the second half of
December, when the air temperature
reached -6 ° C, the plants (in the stage of
3-5 leaf) as they were in the vegetation
pots, were exposed to a low-temperature
stress in a frost camera under controlled
conditions.

The initial camera temperature was -5 °
C, and the value was decreased by 2 ° C
every hour to reaching -11 ° C (Popova,
1991; Shafig, 2012). The effect of the
final temperature lasted for 3 hours, after
which the pots with pea were removed
from the frost camera and gradually
acclimatized to ambient temperature (-2 °
C).

After complete thawing of the sail,
the plants were carried for restoration
and regrowth in laboratory conditions. On
the 14th day after the experiment, the
degree of damage (visually, by the
percentage of damaged plant area of 0 /
no damage / to 100% / completely killed
plants) and the survival plants (%) were
recorded according to the formula
(Vinogradova and Barshkova, 1976):

p= %x 100(%)

&

KbOeTo: p-% >XMBM pacTeHus; n-6poli
XnBW pacTeHus; N-o6Ly, 6poii pacTeHus

Bb3 ocHoBa Ha u34yucneHata
npexmnBseMocT 1 nogobpeHara 3-6asHa
ckana Ha Erskine et al. (1981) (nmo
Muehlbauer and Kaiser, 2012), TecTtBa-
HUTe o06pas3yn ce Knacuduumpar Karo:
TonepaHTHU (6an 1) = Hap 75% npexu-
BSAAEMOCT, CpeHO TosniepaHTHU (6an 2) =

where: p-% survival plants; n-number of
survival plants; N-total number of plants

Based on the calculated survival of
plants and improved 3-scored scale of
Erskine et al. (1981) (Muehlbauer and
Kaiser, 2012), the tested accessions
were classified as: 1 (tolerant) = more
than 75% surviving, 2 (moderately
tolerant) = between 50 and 75%, and 3
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oT 50 o 75%, n uyBcTBUTENHN (6an 3) =
nog 50% npexuBAemMocT.
®U3N0NOrMYHNTE NapameTpu OTHO-
CUTETHO BOAHO cbabpxaHue (RWC, %)
(no meToga Ha Barrs and Weatherley,
1962) Ha nuctaTta M CbAbpXaHuWe Ha
pa3TBopummn 3axapu (SSC, %) (Ermakov
et al., 1987) B rpaxoBuTe pacTeHus ca
onpefenieHn npean HanaraHe Ha Bb3-
OECTBMETO Ha HWUCKM TemnepaTypu.
MHAeKchT Ha XXM3HEHOCT Ha CeMeHaTa
(SVI, %) e uzumcneH no dopmynara Ha
Abdul-Baki and Anderson (1973). Marte-
MaTuyeckata 06paboTka Ha ekCnepuMeH-
Ta/IHATE JaHHW € OCbLLEeCTBEHA C NoOMoLTa
Ha copTyepeH npoaykT Statgraphics Plus.

PE3YJITATU N OBCBXXOAHE

Mpe3 nocnegHuTe AeCeT TOAMHU
npe3 MeceuuTe [EKEMBPU, SHyapu W
doeBpyapwv B paioHa Ha NnieBeH, KolTo ce
Xapakrtepmsmpa C TUNUYHO KOHTUHEHTa-
NleH Knumart, oTpuuaTtesniHi Temneparypu
Ha Bb3fayxa gocturar go -15 + -17 °C —
CTOMHOCTM, KOMTO Ca KPWUTUYHM 3a
rpaxoBuTe pacTeHus B paHHUTe dhasn Ha
passutme. ognoXeHUTe Ha HUCKOTEM-
nepaTypeH cTpec obpasum rpax, 06ekT Ha
HaCTOALLOTO Mpoy4YBaHe, NposiBABaT pas-
InYHa YyBCTBUTE/THOCT. JaHHute
OTHOCHO TMpOLEeHTa Ha MnpexuBennTe
pacTteHust cnep npsiko 3ampassiBaHe B
xnagunHa kamepa pgo -11 °C Bapwupar
cblulecTBeHo, B rpaHuunte ot 35.0 go
100.0% (Tabnuuya 2). O6pasuute
Kolorado, Arkta, Fenn wu Mwup ce
OT/IMYaBaT C Hal-BUCOKA MNPEXUBAEMOCT
U crnopes W3YUCNEHWTE CTOMHOCTM Ha
[OBEPUTENHNA MHTEPBA 3a BCEKM OT THX,
Te nomagaT B efHa rpyna, onpegensawa
rm kato TonepaHTHu (T).

(susceptible) = less than 50% surviving.

The physiological parameters, the
relative water content (RWC) (by the
method of Barrs and Weatherley, 1962)
of the leaves and the content of soluble
sugars (SSC) (Ermakov et al., 1987) of
the pea plants were determined prior to
the impact of low temperatures. The
seedling vigour index (SVI, %) was
calculated according to Abdul-Baki and
Anderson  (1973). The  statistical
processing of experimental data was
conducted using the Statgraphics Plus
software program.

RESULTS AND DISCUSSION

In the last ten years, in December,
January and February, in the region of
Pleven, which was characterized by a
typical continental climate, the negative
air temperatures reached -15 + -17 °C —
values that were critical for the pea plants
in the early stages of development. Pea
accessions, objects of the present study,
exposed to the low-temperature stress
exhibited different susceptibility. Data
regarding the percentage of surviving
plants after direct freezing in frost camera
up to -11 ° C varied substantially in the
limits of 35.0 to 100.0% (Table 2).
Accessions Kolorado, Arkta, Fenn and Mir
were distinguished with the highest
survival and according to the calculated
values of the confidence interval for each
of them, they fell into one group defining
them as tolerant (T).
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Tabnuua 2. TonepaHTHOCT KbM HUCKM Temneparypy Ha obpasuu
XnagunHa kamepa
Table 2. Tolerance to low temperatures of pea accessions in frost camera

rpax B

O6pasuu MpexussaemocT [loBeputeneH Ckana Ha CteneH Ha JloBepuTesnieH
Accessions Ha pacTeHuaTa UHTEepBas TONEepaHTHOCT  nospefa nHTEpBan
Survival Confidence Degree of Degree of  Confidence
of plants, % interval, % tolerance*  damage, % interval, %
Kolorado 100.0 85.1-114.9 T 2.7 3.5-8.8
Arkta 100.0 85.1-114.9 T 2.4 3.8-85
P-342 45.0 30.1-59.9 S 91.0 84.8-97.2
Wt 6806 35.0 20.1-49.9 S 86.5 80.5-92.8
Ne3981 35.0 20.1-49.9 S 87.6 81.5-93.8
Fenn 100.0 85.1-114.9 T 171 10.8-23.2
BR 2-P 85.0 70.1-99.9 T 32.3 26.2-38.5
Szegedi szurke 75.0 60.1-89.9 MT 55.3 49.2-61.5
WPM 48.3 33.4-63.2 S 88.5 82.5-94.8
Mir 100.0 85.1-114.9 T 48.3 42.4-54.5
cpegHo 72.3 51.2
LSD ¢.05 10.1 4.2

*T - Tolerant, MT - Moderately Tolerant, S - Susceptible

UeTtnpn ot obpasuute (P-342, Wt
6806, No3981 n WPM) wumar cpaBHuU-
TENIHO HMCKa MpPexvBseMocT B Auanaso-
Ha oT 35.0 go 48.3%. NopHaTa rpaHuua
Ha OO0BEPUTENIHNA MHTEpBasl Npu THAX He
CbBMNaja C rpaHMuuTe Ha A0BepuTeNHUSA
WHTEpBan Ha obpasuuTe OT TosiepaHT-
Hata rpyna. O6pasuuTe, BK/IOYEHW B
Tasu rpyna, ce onpegensaT kato YyBCTBU-
TenHu (S) Ha HUCKOTemMnepaTypeH CTpec.
CbC CTOWHOCT Ha MNpexuBsemocT OT
75.0%, Szegedi szurke 3aema MeXANHHO
nosioXeHne w cnopeg noco4vyeHaTa no-
rope ckana ce onpegens kaTo cpefHo-
TonepaHTeH (MT).

MokasaTenaT cTeneH Ha nospefa,
U34nCNeH Bb3 OCHOBA %-Ta noBpeja npu
pacTeHusTa, KOMTO Cca MpexuBesnu
yCMewHo HUCKoTeMNepaTypHUsi CTpec, e
JOMbNHUTENIEH KPUTEPUIA 3a OLeHKa Ha
obpasumMTe M Bb3MOXHOCTTA UM fJa
npeososneaT abuoTUYHNA CTPeC C MUHU-
MasniHn nospean. Ocob6eHo BHMMaHue
3acnyxasaT obpasumTe OT TosiepaHTHaTa
rpyna Kolorado wn Arkta, kouTo ce
XapakTepusmpar C HUCBbK MPOLEHT Ha
noespesa (2.4-2.7%), 3a pasnuka ot Fenn
u Mup OT cbuiaTa rpyna, nNpyu KouTo
NPOLEHTLT Ha MNoBpefa € 3HauYUTenHo
no-sucok (17.1 - 48.3%). B rpynata Ha

Four of the accessions (P-342, Wt
6806, Ne3981 and WPM) had a relatively
low survival ranging from 35.0 to 48.3%.
The upper limit of the confidence interval
did not match the limits of the confidence
interval of the accessions from the
tolerant group. The accessions included
in this group were defined as susceptible
(S) of low-temperature stress. With a
survival value of 75.0%, Szegedi szurke
occupied an intermediate position and
was determined as moderately tolerant
(MT) according to the above-mentioned
scale.

The degree of damage, calculated
on the base of the percentage of
damaged area in plants which were
successfully survived the low-
temperature stress, was an additional
criterion  for assessment of the
accessions and their ability to overcome
the abiotic stress with minimal injuries. A
special attention deserved accessions of
the tolerant group Kolorado and Arkta,
which were characterized by a low
percentage of damage (2.4-2.7%), in
contrast to Fenn and Mir of the same
group, where the percentage of damage
was considerably higher (17.1 - 48.3%).
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YyBCTBUTENIHUTE 06pasLy, NPOLEHTLT Ha
nospefa 6enexu CbLLECTBEHO MOBULIE-
HMEe M CTOMHOCTM B Ananas3oHa 86.5 —
91.0%, koeTo crnopepg peguvua uscnepo-
Batenn (Mahajan and Tuteja, 2005; Liang
et al., 2007) e cBbp3aHO C HeGnaronpuaT-
HW nocneguun BbpXy pacTexa u pasBu-
TMETO Ha pacTeHusiTa, W MNOHWKEHA
NPOAYKTUBHOCT.

Cnopeg Shafiq (2012) marHutyabsT
Ha TemnepaTtypeH CTpec U ()eHoMorny-
HaTa (pasa Ha pa3BuUTUE Ha KynTypara ca
[ABaTa OCHOBHM (hakTopa, KouTo onpege-
NAT peakuusaTa KbM CTpeca U Bb3CTa-
HOBSIBAHETO C/ief, HErOBOTO MNpeycTaHo-
BsABaHe. Mpy NpoyyBaHETO Ha HSAKOJSIKO-
ceAMUYHM rpaxoBu MNoHMuM, Badaruddin
and Meyer (2001) yctaHoBsiBaT 32%
ouensasaHe npu -4 °C B NpoAb/DKEHNE Ha
4 yaca. Npy Nogo6HN CKPUHUHT ekcnepu-
MEHTH, Hail-nogxogdwata Temnepartypa
N NPOABL/MKUTE/THOCT Ha Bb3geincTeme e
Tasn, KoATO No3BosisiBa AndiepeHunpaHe
Ha TOJIepaHTHW 1 YyBCTBUTENHN 06pasLm
B pamkuTe Ha BuAa. TecTBaHeTo npu no-
HWCKa TemnepaTypa B YycroBusTa Ha
HaCToALWMA eKCnepuMeHT noayeprasa
TonepaHTHocTTa Ha Kolorado u Arkta,
KOMTO nokKasBaT Hali-BUCOK MPOLEHT Ha
NMPEeXMBSEMOCT U CbLLEBPEMEHHO HUCKa
cTeneH Ha nospega. Ha ocHoBa Ha Bapvpa-
HeTo B CTy[0yCTOWUMBOCTTA, YCTAHOBEHA B
pasnnuHn  PEHONIOrMYHN  hasu Ha rpax,
HsAkon u3cnepgosatenun (Shafig, 2012) cun-
TaT Ye TO3M NapameTbp MOxe Aa 6bae no-
[06peH ehekTMBHO upe3 heHoTUneH noao6op.

dakTopuTe, onpegenawu Tone-
PaHTHOCT KbM HWUCKU TeMneparypu, morat
[a ce cBbp3aHu ¢ reorpadckmsa Nponsxos
Ha obpasunTte, HAKOM MOPEOSOrMYHN 1
pactexHn napametpu (Shafig, 2012),
oeHonornyHn ocobeHocTn (Kendal et al.,
2016) n 6rnoxmmmnyHn nokasatenun (Guy,
1990). MNpu npoyysaHe Ha 83 copTa OT
Buga Pisum sativum, Shafiq (2012)
HabnwgaBa nNOBMLWIEHA CTyAoycToWYn-
BOCT Mpu Te3n C npomusxoq AHIns,
EcToHusa, KasaxctaH u Kutaii. Cnopep
aBTopa Yyc/noBusATa Ha OTIiexgaHe Ha
rpax B Te3n CTpaHu ce xapakrepusumpar c

In the group of susceptible accessions,
the damage percentage showed
significantly increase and values ranging
from 86.5 to 91.0%, which according to a
number of researchers (Mahajan and
Tuteja, 2005; Liang et al.,, 2007) was
related with adverse effects on plant
growth and development, and reduced
productivity.

According to Shafig (2012), the
magnitude of temperature stress and the
phenological stage of crop development
were two main factors that determine the
response to stress and recovery after its
termination. When studying several
weeks seedlings, Badaruddin and Meyer
(2001) found 32% survival at -4 ° C for 4
hours.

In similar screening experiments, the
most appropriate  temperature  and
duration of impact is that which allows the
differentiation of tolerant and sensitive
accessions within the species. Testing at
a lower temperature in the context of this
experiment highlights the tolerance of
Kolorado and Arkta, which show the
highest percentage of survival and, at the
same time, a low degree of damage.
Based on the variation in cold resistance
established in different phenological
phases of pea, some researchers
(Shafiq, 2012) consider that this indicator
can be improved effectively by
phenotypic selection.

Factors determining low-
temperature tolerance may relate to the
geographical origin of the accessions,
some  morphological and  growth
parameters (Shafigq, 2012), phenological
peculiarities (Kendal et al., 2016), and
biochemical indicators (Guy, 1990). In
studying 83 cultivars Pisum sativum

species, Shafig (2012) observed an
increased frost resistance in those
originating in England, Estonia,

Kazakhstan and China. According to the
author, the conditions of pea cultivation in
these countries were characterized by
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HUCKM TemnepaTtypu B HadasHuTe asun
OT pasBUTUETO Ha pacTeHusATa, KOeTo v
npasu cnaboyvyBCTBUTENHW U NOLXOAALLM
npy mn36op Ha poguTenckn dopmm c
noBulleHa CTy4O W 3MMOYCTON4YMBOCT.
MopgobHa TONEpaHTHOCT, CBbp3aHa C
reorpadpckus nNpom3xo Ha COpTOBETE,
nposieABaTr M o06pasunte C nNpPousxop,
AHrnua (Kolorado n Fenn) n B HacTtos-
LeTo u3cnensaHe.

OcobeH wuHTepec npeacTasnsBar
npoy4YBaHus, CBbpP3aHuW C yCTaHOBSABaHe
Ha 3aBMWCUMOCT MexXay 3UMo- U CTyAo-
YCTOMYMBOCT U HSAKOUM  COU3NOSIOTUYHN
napameTtpu. Cnopeg Nagao et al. (2005)
noBuLIEHaTa KOHLEeHTpauus Ha pasTBo-
pyuMn Kapboxuapatun urpae BaxKHa pons
3a ouenasaHe npu Temneparypu Ha
3aMpb3BaHe 4pe3 ocurypsiBaHe Ha pe-
3epBHa €eHeprus 3a pacrtexa n pasBu-
TUETO Ha pacTeHusTa. PasTBopumute
3axapu cnyxat kaTto ocMonutu (perynu-
patopy Ha nynagHua 6anaHc) u npeg-
nasBar KneTbyHMTE MEMOPAHU OT NPOMSI-
Ha B NPOnyckNMBOCTTa U Nospeja Bcnes-
CTBME K/MeTbyHaTa Jexugparaums no
BpeEMEe Ha HuCKoTemnepaTypeH cTpec
(Nagao et al., 2005). Apyr chmsmonormyeH
rnokasaTes, BOAHOTO CcbabpxaHue (MC) n
OTHOCUTENHOTO  BOAHO  CbAbpXaHue
(RWC) B nuctarta, CbLO MMAT OTHOLUe-
HUe KbM TemnepaTtypHusa ctpec. HuckoTo
CbbpXaHWe Ha BoJa orpaHuyaBa Hau-
yneTo Ha cBobogHa BoAa, npefoTBpa-
TAABa 06pasyBaHeTo Ha fien B KNeTkuTe u
MeXAyKNeTbyHUTe  NpocTpaHcTBa U
nofo6psiea TosnepaHca KbM 3amMpb3BaHe
(Guy, 1990).

BapvpaHeTo mexay o6pasuute,
06eKT Ha HacToAWOTO npoy4yBaHe, e
CbLUEeCTBEHO MO OTHoweHune Ha RWC
(75.84 - 84.56%) n e B 3HaA4MTENHO MO-
TECHM rpaHnLUM N0 OTHOLLEHUE CbAbPXaHUE
Ha SS (10.2 - 13.0%), HO cnegBsa
3aBNCMOCTUTE, YCTAHOBEHN B NOCOYEHUTE
no-rope wuscnegsaHna (durypa 1). Taka
Hanpumep 4yBCTBUTENHUTE 06pasum P-342,
Wt 6806, Ne 3981 u WPM, ce xapakrte-
pv3unpart cbC CpaBHUTE/THO NO-BUCOKO RWC
N HUCKO SSC (cpefHu CTOMHOCTM OT 82.8 1
11.1%, CbOTBETHO).

low temperatures in the early stages of
plant growth, making them less sensitive
and suitable for choosing parental forms
with increased cold and winter resistance.
Similar  tolerance related to the
geographical origin of the cultivars was
also demonstrated by accessions
originating in England in the present
study (Kolorado and Fenn).

A particular interest presents
studies related to establishing
dependence between winter and cold
resistance and some physiological
parameters. According to Nagao et al.
(2005) an increased concentration of
soluble carbohydrates plays an important
role in survival at freezing temperatures
by providing reserve energy for plant
growth and development.

Soluble sugars serve as osmolytes (fluid
balance regulators) and protect cell
membranes from permeability changes
and damage due to cell dehydration
during low temperature stress (Nagao et
al., 2005). Another physiological
indicator, moisture content (MC) and
relative water content (RWC) in the
leaves also has a relationship to
temperature stress.

The low water content limits the
availability of free water, prevents ice
formation in cells and intercellular spaces
and improves tolerance to frost (Guy,
1990).

The variation among accessions
which were subjects of the present study
was considerable with respect to RWC
(75.84 - 84.56%) and in narrower limits
for SSC (10.2 - 13.0%), but followed the
dependencies found in abovementioned
investigations (Figure 1). For example,
the susceptible accessions P-342, Wt
6806, Ne 3981 and WPM were
characterized by relatively higher RWC
and low SSC (average values of 82.8 and
11.1%, respectively).
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Fig. 1. Relative water content, soluble sugars content and seedling vigor index in

pea accessions

B nportuBoBec, npu obpasuute oT
TonepaHTHata rpyna (Kolorado, Arkta,
Fenn n Mup) ce Habnogasa nosulleHne
B SSC 1 noHmxeHne B RWC, cb0TBETHO
c 135% wn c 5.4%. KopenauuoHHUAT
aHann3 Ha AaHHWTE MokasBa oTpuuaTesiHa
3aBWCMMOCT Mexay TofiepaHTHOCTTa KbM
Huckn Temnepatypn n RWC (r = -0.862) u
nonoxutenHa ¢ SSC (r = 0.833). MNMocnea-
HaTa 3aBVCUMOCT € B NOTBbPXAEHUE Ha
pesynTtatute, nonyyeHun ot Palonen et al.
(2000), cnopep, KOMTO BUCOKOTO HMBO Ha
pasTBopuMM Bbraexngpatn (dhpykTosa,
rN0KO3a, 3axapo3a, pacdmHo3a n copbu-
TOM) KOpenupa NONOXUTESTHO C HUBOTO
Ha TOJIepaHTHOCT KbM Temnepatypu nog 0
°C. W3uncneHnaT uMHOEKC Ha >XMU3HEHOCT
(SVI) npu peceTre copta rpax CbWo
Kopesnvpa noso-xutenHo (r 0.691) c
TO/IepaHTHOCTTa Ha 06pasuuTe rpax KbM
HUCKV Temnepatypu. ToBa kopecnoHaupa ¢
ycTaHoBeHata oT Shafiq (2012) cnocobHocT
npu o6pasuy rpax ¢ NOBULLEHA XU3HEHOCT
Ha cemeHaTa Aa KoMMneHcupar u peayumpar
nopaxeHuss BC/IeACTBME  TemnepaTtypeH
CTpec B paHHUTe eTanu OT pasBuTWE Ha
pacTeHusiTa.

In contrast, in accessions from the
tolerant group (Kolorado, Arkta, Fenn and
Mir), an increase in SSC and a decrease
in RWC (by 135% and 5.4%,
respectively) was  observed. The
correlation analysis of data showed a
negative dependence between low-
temperature  tolerance and RWC
(r = -0.862), and a positive one with SSC
(r 0.833). The last dependence
confirmed the results obtained by
Palonen et al. (2000), according to which
the high level of soluble carbohydrates
(fructose, glucose, sucrose, raffinose and
sorbitol) correlated positively with the
level of tolerance to  sub-zero
temperatures. The calculated seedling
vigor index (SVI) for the ten pea
accessions also correlated positively (r =
0.691) with the tolerance to low
temperatures. This corresponded to the
established by Shafiq (2012) ability in pea
varieties with increased seed vigor to
compensate and reduce damages due to
temperature stress in the early stages of
plant growth.
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N3BOAY

MopnoxeHnte Ha HUCKOTeMneparty-
peH cTpec feceT copTa rpax npossaBaT
pas/fimyHa YyBCTBUTE/IHOCT KaTO NPOLEHTBLT
NpexuBenn pacteHns cneg npsxKo 3ampass-
BaHe B xnaawiHa kamepa go -11 °C sapupa
B rpaHuumte ot 35.0 o 100.0%.

O6pasyute Kolorado, Arkta, Fenn un
Mup ce oTnMyaBaTr C Haii-BMCOKa MNpexu-
BsiemocT (85.0-100.0%) n cnopepg, nadnicne-
HWTE CTOMHOCTU Ha [OBEPUTENIHUS UHTep-
BaU1 3a BCeKM OT TaAX, hopmupar efHa
rpyna, onpegenswia rm Karo TONEePaHTHU.
UeTnpmn ot obpasuyute (P-342, Wt 6806, Ne
3981 n WPM) nokassaT CpaBHUTE/THO HUCKa
npexussemocTt (B AguanasoHa oT 35.0 go
48.3%) 1 ce onpefesiAT KaTo YyBCTBUTENHN
Ha HuckoTemnepaTypeH cTtpec. CbC CTOW-
HOCT Ha npexusseMocT oT 75.0%, Szegedi
szurke 3aemMa MEXOWHHO MOJSIOXKEHVE U e
cpefHoTONEPaHTEH.

TonepaHTHOCTTa Ha 06pasuuTe KbMm
HUCKN TemnepaTypu Kopenupa nosioxuTesn-
HO CbC CbAbPXaHWETO Ha BOAOPA3TBOPUMMU
3axapun Ha pacTteHusaTa (r = 0.833) un
MHOEKCA Ha >XM3HEHOCT Ha cemeHaTta
(r =0.691), n oTpMLATENHO C OTHOCUTE/THOTO
BOJHO cbabpxaHue (r = -0.862) Ha nucTara.

CONCLUSIONS

The ten pea accessions exposed to
a low-temperature stress exhibited
different susceptibility as the percentage
of surviving plants after direct freezing in
frost camera up to -11 °C varied in the
limits of 35.0 to 100.0%.

Accessions Kolorado, Arkta, Fenn
and Mir were distinguished with the highest
survival (85.0-100.0%) and according to the
calculated values of the confidence
interval for each of them, they formed one
group defining them as tolerant. Four of
the accessions (P-342, Wt 6806, Ne 3981
and WPM) showed a relatively low survival
(from 35.0 to 48.3%) and were determined
as susceptible to low-temperature stress.
With a survival value of 75.0%, accession
Szegedi szurke occupied an intermediate
position and was moderately tolerant.

The tolerance of accessions to low
temperatures correlated positively with the
content of soluble sugars (r = 0.833) in
plants and seedling vigor index (r = 0.691),
and negatively with the relative water
content (r = -0.862) of leaves.
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PE3IOME

Mpe3 nepuoga 2016-2017 r. ce
peanusnpa npoekt "CbbupaHe n nscneg-
BaHe Ha reHeTuyeH mMaTepuas OT MecTeH
npoun3xon Ha TPeBHU (pypaxHn B1AOBE 3a
HYXANTE Ha cenekuuaTa" ypes aBycTpaH-
HOTO Hay4yHO W TEXHOJIOTMYHO CbTPYAHU-
4YecTBO Mexay MpaBWTencTBOTO Ha Cro-
Ballka penybsvka n NpaBMTENCTBOTO Ha
Penybnuka Bbarapus. MNpoekTbT 6Gele
HacoyeH KbM HabGMOAEHNE Ha BaXHU
MEeCTO0OMTaHUsA Ha TPEeBHM CbOOLIECTBA
N cbbrpaHe Ha cemMeHa OT XWUTHM 1 6060-
BY TPEBMW, KOUTO MOraTt Aa ce u3nonseart B
CeJICKOTO CTOMNaHCTBO, pacTeHMEeBBbACTBO-
TO W onasBaHeTO Ha oKonHaTa cpefa. B
HauasIoTo Ha aerycT U centemspu 2017 r.,
HauuoHaneH LUeHTbP MO 3emegenve U
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Published: 20.09.2018

SUMMARY

During  2016-2017 the project
»Collection and research of genetic material
of local origin of grass forage species of for
the need of selection was implemented
through the bilateral Scientific and
Technological Cooperation between the
Government of the Slovak Republic and the
Government of the Republic of Bulgaria.
The project was focused at monitoring of
important grassland habitat localities and
collection of seeds of grasses and
legumes which can be used in agriculture,
plant breeding and environment
protection. At start of August and
September 2017 the National Agricultural
and Food Centre — Grassland and
Mountain Agriculture Research Institute
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XpaHute - V3cnegoBaTeniCkM WHCTUTYT Mo
nacuia v nnaHuWHCKoO 3emegenuve B baHcka
Buctpuua n IHCTUTYT N0 NAaHUHCKO XWUBOT-
HOBB/CTBO U 3emefenve B TPOsiH OCbLEeCT-
BMXa [Be CbBMECTHW ekcneamuuy 3a cbou-
paHe Ha cemeHa (BGSK n SKBG) B bbsira-
pus n Cnosakus. CbbupaHeTo ce cbcpeno-
TO-4Y/ BbPXY BaKHU XUTHU U 6060BU TPEBW:
Dactylis glomerata L., Festuca rubra L.,
Festuca arundinacea L., Phleum pratense
L., Trifolium pratense L., Trifolium repens L.,
Trifolium hybridum L., Lotus corniculatus L.
B ueHTpasiHaTa yacT Ha Crtapa nnaHuHa ca
cbbpaHn 37 o6pasuy Ha XUTHU U 6060BU
KynTypu ¥ ca onucaHu MecToobutaHusaTa
(GPS, Tun nacuwa, 60TaHMYECKn CbCTaB).
B LeHTpanHa Cnosakmsa ca cbbpaHu 23
06pasum oT pacTuTesniHM BUAOBE.

B HacToduwlata crtatus e onucaHo
CbBMECTHOTO Mpoy4YBaHe Ha MecToobuTa-
HUATA Ha TpeBHW cbobliecTBa U 6Gasarta
AaHHM 3a cbbpaHuTe obpasym.

Knrouosu aymu:
pecypcy, cbbupaHe, TpeBw,
pacteHus, nusagn

reHeTUYHu
60608BMU

yBO/[,

PacTutenHute reHeTUYHU U3TOUHULM
ca BaXHa 4acT OT CeJ/ICKOCTONaHCKOTO 6u1o-
pasHoobpasue. Te npeacTasnssaT pasHo-
06pasneTo Ha reHeTUYeH Mmatepuan, Cbabp-
Xaly ce B AUBUTE pacTeHusl, TPaauLMOHHU-
Te U CbBPEMEHHUTE COpPTOBE. V3non3BaHe-
TO Ha rEHeTUYHW pecypcu e OT pellasallo
3HaueHve 3a yCTONYMBOTO NPON3BOACTBO Ha
cesickocTtonaHckm — npopyktn  (Ramirez-
Villegas et al., 2012). CvbupaHeTo Ha ceme-
Ha npeAcTaBnsiBa 3HAUYUTESNIHO W LUMPOKO
pa3npocTpaHeHo CPeACcTBO 3a OnasBaHe Ha
pacTUTeNIHUTE TEHETUYHU UITOYHULM. B
JONb/IHEHVE KbM CbOMpaHeTo, JOKYMEeHTa-
uMATa U ONMcaHWeTo Ha MecTarta, OT KOUTO
npousxoxgar pacTuTeNHUTe CcemeHa, e
BaXeH W3TOYHUK Ha WuHdopmauus 3a
oKoMHaTa cpefa M HeWHOTO ynpaBneHuve.
Macvuiata urpasT BakHa ponsi B Npofjo-
BOJICTBEHATA CUIYpPHOCT, 06/1eK4aBaHeTo Ha
6eHOCTTa 1 AOMNpPUHACAT 3a eKosiorMyHaTa
ycToiiumBocT (Batello et al., 2008). Cbbupa-
HETO Ha CemMeHa OT AMBMW XWUTHW BUAOBE U
JeTenuHa oT nosyecTecTBeHW TPEBOCTOM €
K/o4oBa AeMHOCT 3a NoslydaBaHe Ha LieHeH

Banska Bystrica and Research Institute of
Mountain Stockbreeding and Agriculture
Troyan carried out two joint seed
collecting expeditions (BGSK and SKBG)
in Bulgaria and Slovakia. The collection
was focused at important forage grasses
and legumes: Dactylis glomerata L.,
Festuca rubra L., Festuca arundinacea L.,
Phleum pratense L., Trifolium pratense L.,
Trifolium repens L., Trifolium hybridum L.,
Lotus corniculatus L.. In central part of
Stara Planina Mts. 37 accessions of
grasses and legumes were collected and
source localities were described (GPS,
grassland type, botanical composition). In
central Slovakia 23 accessions of plant
species were collected.

In this paper, joint study on source
grassland habitats and database of
collected accessions is described.

Key words: genetic resources,
collection, grasses, legumes, grasslands

INTRODUCTION

Plant genetic sources are an
important part of agricultural biodiversity.
They represent the diversity of genetic
material contained in wild plants,
traditional and modern varieties as well.
The use of genetic resources is crucial for
the sustainable production of agricultural
products (Ramirez-Villegas et al., 2012).
Seed collection represents a significant
and widespread means of conserving
plant genetic sources. In addition to
collection, documentation and description
of the sites of plant seed origin is an
important source of information on the
environment and the management of
them.

Grasslands play an important role in food
security, poverty alleviation and contribute
to environmental sustainability (Batello et
al., 2008). The collection of wild grass and
clover seeds from semi-natural
grasslands is a key activity for obtaining
valuable genetic material. Moreover, an
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reHeTnyeH matepuas. OCBeH ToBa Mexay-
HapOAHOTO CbTPYAHMYECTBO Cb3AaBa ycso-
BMA 3a NOBMLLIABAHE HMBOTO Ha 3HaHWATa 3a
paslmpeHneTo Ha OTAefIHUTE BUAOBE XUT-
HW TPEBU W AeTenvHata W TAXHOTO MOTEH-
UMasHO M3nofi3BaHe 3a pasMHOXaBaHe
(Okumura et al., 2007). MNpumep 3a CbB-
MECTHO u3cnefBaHe Ha ypaxHN TreHe-
TUYHU pecypcy OT [Be eKOJSIOTMYHO pasHo-
06pasHn 06nacTM e ABYCTPaHHUAT NPOEKT
APPV-SK-BG-2013-0005 "CbbupaHe 1
uscneaBaHe Ha ypaxeH reHeTmyeH mare-
pvan oT pypakeH Npousxos 3a CesieKLMoH-
HU yenn" mexay Cnosakusa u bbnrapus.

OcHoBHaTa Ue/l Ha CbBMECTHUA
npoekT "CbbupaHe 1 uscneasaHe Ha reHe-
TMYEeH martepvasl OT MeCTeH Npou3xof Ha
TPEBHU hypaxkHVW BuAOBE 3a HyXauTe Ha
cenekunaTa" e:

- na cbbupa cemeHa OT [AuMBU
eKoTunoBe OT M3bpaHn XUTHW N 6060BU
Buaose B Cnosakus 1 bbarapus;

- pa cnegn mnsbpaHuTe paioHu 3a
cbbupaHe 1 Ja MM Hanpasu m3vepnaTesiHu
XapaKkTepuCTUKK;

- [oa 0O6MeHA TeHeTUYHW pacTuTen-
HW MaTepuann 3a oTriexjaHe Ha HOB copT
OT hypaxHu TPEBM Wi 6060BM pacTeHuUs.

MATEPVAZT U METOOU

WMHCTUTYTBT NO NMIaHWHCKO XXMBOT-
HOBBACTBO W 3emefenve B TposiH
(MMK3) opraHu3upa ekcneguuusa  3a
cbbupaHe Ha pacTuTeneH matepuan ot 1
0o 8 asryct 2017 r. B pamkuTe ABycTpaH-
HOTO Hay4yHO U TEXHOJIOTUYHO CBHTPYAHU-
yectBo. Ekcneguumata B Cnosakus e
opraHusnpaHa ot HaunoHaneH UeHTbp no
3emefenve u xpaHute — V3cnegosaTencku
WHCTUTYT NO nacuwa W  MNJaHUHCKO
3emegnenve B baHcka Buctpuua ot 5 go
12 centemBpu 2017 r. Ekcneguuuure ca
Haco4yeHu KbM AVMBUTE BUAOBE pacTtuTen-
HW TeHeTUYHN pecypcu, OCOBEHO BBPXY
xutHute TpeBun (Dactylis glomerata,
Phleum pratense, Festuca arundinacea,
Festuca rubra) wn 6060Bu (Trifolium
pratense, Trifolium repens, Trifolium
hybridum, Lotus corniculatus). Otgen
"MNaHVHCKM TPEBHM acouuauun u nog-
ObpXaHe Ha TAXHOTO 6MOMOrMYHO pasHo-

international collaboration creates
conditions for increasing the level of
knowledge about the extensions of
individual species of grass and clover and
their potential use for breeding purposes
(Okumura et al., 2007). An example of a
joint research of forage genetic resources
from two environmentally diverse areas is
the bilateral project APPV-SK-BG-2013-
0005 "Collection and research of fodder
genetic material of fodder origin for
breeding purposes" between Slovakia and
Bulgaria”.

The main aim of joint project
“Collection and research of genetic
material of local origin of grass forage
species for the need of selection” was:

- to collect seeds of wild ecotypes
of selected grass and legume species in
Slovakia and Bulgaria;

- to monitor of selected collecting
localities and to make comprehensive
characteristics of collecting area;

-to exchange of genetic plant
materials for breeding a new variety of
forage grass or legume.

MATERIAL AND METHODS

The Research Institute of Mountain
Stockbreeding and Agriculture Troyan
(RIMSA) organized collecting expedition
from 1 to 8 August 2017 under the
International Bilateral Scientific and
Technology Cooperation. The collecting
expedition in Slovakia was organized by
the National Agricultural and Food Centre
— Grassland and Mountain Agriculture
Research Institute Banska Bystrica from 5
to 12 September 2017. The expeditions
were focused on wild species of plant
genetic resources, especially on grasses
(Dactylis glomerata, Phleum pratense,
Festuca arundinacea, Festuca rubra) and
legumes (Trifolium pratense, Trifolium
repens, Trifolium  hybridum, Lotus
corniculatus). The  Department  of
Mountain Grassland Associations and
Maintenance of their Biological Diversity
at the Research Institute of Mountain
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obpasve kbM WHCTATYTA MO MNJ@HUHCKO
XMBOTHOBBACTBO U 3eMefenve  noj
PBKOBOACTBOTO Ha npod. MuxoBcku e
cneuvanusvpaH B OTIiexgaHeTo  Ha
ypakHN  XWUTHM 1M 6060BM  TpeBw,
ajanTupaHn KbM MJIAHWHCKUTE  YC/I0BUSA
(Phleum pratense, Festuca arundinacea,
Dactylis glomerata, Festuca pratensis,
Festuca arundinacea, Trifolium pratense,
Trifolium repens) wu ocobeHo Festuca
arundinacea, Phleum pratense u Trifolium
pratense. B bBbarapua ce oTtrnexgar
cnefHUTe coptoBe ypaxHU XXUTHU K
6060BM TpeBu: Festuca arundinacea copT
'EneHa’, Phleum pratense copt 'TposiH' B
WHCTUTYT NO N/IaHWHCKO XUBOTHOBBLACTBO U
3emegenve, n Medicago sativa, Onobrychis
Gaerth, Bromus inermis, Dactylis glomerata,
Festuca arundinacea copt 'Anb6eHa B
WMHcTuTyT no ypaxnute B TneeBeH. B
CnoBakus passbgHata ctaHums Levocské
Luky ce 3aHMMaBa CbC CeflekThpaHe Ha
TpeBu. Festuca arundinacea cbC copT
'Jlekopa’ ce oTrnexaa B Tasn cTaHuus.

PE3SYNTATV N OBCBbXOAHE

Bvnrapusa e pasnosioxeHa B Koroms-
TouHa EBpona Ha bBasikaHckua nony-
OCTpOB Mexay 41° un 44° N n 22° n 28° E.
BasikaHCKMAT MO/yoCTPOB, KaTo tOrous-
TOYEH Kpali Ha eBPONEeNCKNS KOHTUHEHT, e
[obpe nosHat c 6oratata cu diopa u
[o6pe 3anaseHa pacTutesnHocT. Knuma-
TbT B bbarapua e cbuyeTaHue OT KOHTU-
HEHTaNIHO N cpean3eMHOMOPCKO B/IMSHME.
Griffiths et al. (2004) onucBart Ta3u obnact
KaTo NeIHUKOBO yOexuLle 3a XMBOTUHCKU
N pacTuTeNiHM BUAOBE U KaTto KPbCTOMbT
3a 06bmeH Ha duiopa M hayHa Mexay
LleHtpanHa Espona n Mana Asug. Hewo
noseve, B bbarapus, KoATO MoKpvBa
ceBepou3TOyHaTa 4YacTt Ha bankaHckua
MoslyoCcTPOoB, MOSIyecTeCTBEHN TPEBOCTOM
C BUCOKa MNpUPOLHa CTOMHOCT NpPOAbII-
XaBar ja cblecTsysar [0 [fAHec, [0
CTeneH, KOATO HajBuliasBa MNOBEYETO
apyrn esponeickun ctpaHu (Meshinev et
al., 2005, 2009; Beaufoy et al.,, 2012;
Stefanova and Kazakova, 2012). ®nopata
N pactutenHocTTa B bbarapusa ca 6oratu un
pa3Hoo6pasHMu.

Stockbreeding and Agriculture, under the
leadership of prof. Mihovski, is dedicated
to breeding of forage grasses and
legumes adapted to mountain conditions
(Phleum pratense, Festuca arundinacea,
Dactylis glomerata, Festuca pratensis,
Festuca arundinacea, Trifolium pratense,
Trifolium repens), and especially Festuca
arundinacea, Phleum pratense and
Trifolium pratense. In Bulgaria the
following varieties of forage grasses and
legumes were bred: Festuca arundinacea
cv. Elena, Phleum pratense cv. Troyan at
the Research Institute of Mountain
Stockbreeding and Agriculture, and
Medicago sativa, Onobrychis Gaerth,
Bromus inermis, Dactylis glomerata,
Festuca arundinacea cv. Albena at the
Forage Reserach Institute Pleven. In
Slovakia, the Breeding Station Levocské
Luky is engaged in grass breeding. The
variety Festuca arundinacea cv. Lekora
was bred at this station.

RESULTS AND DISCUSSION

Bulgaria is situated in south-east
Europe on the Balkan Peninsula between
latitudes 41° and 44° N and longitudes 22
and 28 ° E. The Balkan Peninsula, as
south-east corner of the European
continent, is well known for its rich flora
and well-preserved vegetation. Bulgaria’s
climate is a combination of continental
and Mediterranean influences. Griffiths et
al. (2004) describe this area as glacial
refuge for animal and plant species and
as a crossroad for fauna and flora
exchange between Central Europe and
Asia Minor. Moreover, in Bulgaria, which
covers the north-eastern part of the
Balkan Peninsula, semi-natural
grasslands of high nature value (HNV
grasslands) persisted until today to an
extent that exceeds most other European
countries (Meshinev et al., 2005, 2009;
Beaufoy et al.,, 2012; Stefanova and
Kazakova, 2012). The flora and
vegetation in Bulgaria is rich and diverse.
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PacTuTenHocTTa BK/OYBa clegHuTe
BMOBE TPEBOCTOU:

- cyxu TpesocTou - 81,02%

- YMEpeHO BfaXHW TpeBoCTOM —
17,22 %

- CEe30HHOo
TpesocTou - 1,31%

- aNnNuUIACKM 1 cybannuiicku nacuuia -
0,07%

- BBbTPELLHM coneHun ctenu - 0,37%

BJ/TaXXHN n BaXXHN

HabnwogeHneto u cbbupaHe Ha
pacTutenHn TreHeTUYHW pecypcn  ce
n3BbpWKN B palioHn B CeBeposanajHa
bbarapua. Ekcnegunuusarta ce nposene B
3anagHarta 4yact Ha Crapa nnaHuHa u
HauuoHaneH napk "LieHTpaneH BbasikaH",
B pailoHa Ha TposiH, JloBedy, Kapnoso,
Punbapuua. B cpaBHeHWe C annuiickute
npupogHn napkose Puna wun  TupuH,
HauunoHaneH napk "LleHTpaneH bBasikaH"
uma no-ronsiMo pasHoobpasme oT hsiopa
n chayHa M ca OTKpuUTM nosedve oT 2000
BackynapHu pacteHus. B Tabnumua 1 e
nokasaHa 6asa faHHM 3a MEeCTOHaxOX-
JeHna Ha pacTutenHu obpasuu B
Bbarapus.

B bBbvarapya ca cbbpaHn 37
o6pasuy OT XWUTHM KU GO6GOBU pacTeHUs.
M3BbH HabnwgaBaHUTE MECTHOCTW, Haii-
rofiiM parioH 3aemar CyxuTe TPeBOCTOM,
ocobeHo  acoumwauuaTa  Festuco -
Brometea. MNMpu nacuvwara pactutesnHara,
acoumaumsa Digitaria sanguinalis e Haii-
6orata. NogobHa mnscneposartesicka eKc-
neguuma B ABe KOHTpacTmpaly obnactu
B CeBepo3anafHy Obarapckum naaHWHK
(Bpaua n KonpuBHUMUA) € npoBefeHa OT
EBponelickarta rpyna 3a Cyxu TPEBOCTOM.
UneHoBe Ha Tasn rpyna wugsatr oT
pasnyHmn cTpaHu, BK/IHOYNTESTHO
CnoBakus (Pedashenko et al., 2013).

The vegetation includes the
following grassland types:

- dry grassland — 81,02 %

- mesic grassland — 17,22 %

- seasonally wet and wet

grassland — 1,31 %

- alpine and subalpine grassland
- 0,07 %

- inland salt steppes — 0,37 %

Monitoring and collecting of plant
genetic resources was conducted in
areas of north-western Bulgaria. The
expedition was carried in the western part
of the Balkan (Stara planina) and
Tsentralen Balkan National Park, the
district of Troyan, Lovech, Karlovo,
Ribaritsa. Comparing to Rila and Pirin
alpine nature parks, the Tsentralen
Balkan National Park has higher diversity
of flora and fauna, and there were found
more than 2,000 vascular plants.
Database of accessions and donor site
localities collected in Bulgaria is shown in
Table 1.

In Bulgaria, 37 accessions of
grasses and legumes were collected. Out
of the monitored localities, dry grasslands

especially  association Festuco -
Brometea occupied the largest area. At
pastures, plant association Digitaria

sanguinalis was the most abundant. The
similar research expedition in two
contrasting areas in north-west Bulgarian
mountains (Vratsa and Koprivnitsa) was
conducted by the European Dry
Grasslands Group. Members of this group
came from various countries including
Slovakia (Pedashenko et al., 2013).

116



Tabnuua 1. ba3a gaHHM Bbarapcka Konekuust oT nMBafHu TpeBHM BUagoBe BGSK 2017
Table 1. Database Bulgarian collection from meadow grass species BGSK 2017

|N§c¢§rlc;ml(p:5f§:re Bug/Species MecTononoxeHue/Locality MecToobuTaHne/Habitat | Al?i.dﬁ;:ie
BGSK-1 Trifolium pratense  [oneu/Golets BUCOKOMN. /MBaa/ 405
upland meadow
BGSK-2 Lotus corniculatus  [onew/Golets upland meadow 405
BGSK-3 Phleum pratense Conot/Sopot Ich:Konn. cyxa nvsapal 329
owland dry meadow
BGSK-4 Dactylis glomerata Conot/Sopot lowland dry meadow 341
BGSK-5 Trifolium pratense anrapcm ussop lowland dry meadow 282
Bulgarski Izvor
BGSK-6 Dactylis glomerata EBGZZE:(TZC??OF) upland meadow 466
BGSK-7 Trifolium hybridum  A6naHuya/Jablanica upland meadow 467
BGSK-8 Lotus corniculatus ~ fA6naHuua//Jablanica upland meadow 468
BGSK-9 Dactylis glomerata  fA6naHuua//Jablanica upland meadow 469
BGSK-10 Trifolium pratense  Manbk nssop/Malak |zvor lowland dry meadow 555
BGSK-11 Trifolium repens Manbk nssop/Malak lzvor lowland dry meadow 556
BGSK-12 Dactylis glomerata Manbk nssop/Malak 1zvor lowland dry meadow 557
BGSK-13 Dactylis glomerata TeTeBeH/Teteven HeokoceHa nnsapa/ 558
non-mowed meadow
BGSK-14 Trifolium pratense  Pubapuua/Ribaritsa upland meadow 560
BGSK-15 Trifolium repens Punbapuua/Ribaritsa - exit upland meadow 654
BGSK-16 Dactylis glomerata  Boros/Bogoja upland meadow 1014
BGSK-17 Trifolium hybridum  Borosi/Bogoja upland meadow 1014
BGSK-18 Phleum pratense Tepsuiicko/Terzisko lowland dry meadow 614
BGSK-19 Dactylis glomerata  Tep3awuiicko/Terzisko lowland dry meadow 614
BGSK-20 Trifolium pratense  [lo6pogaH/Dobrodan nacuwe/pasture 361
BGSK-21 Trifolium repens [o6popan/Dobrodan nacuie/pasture 616
BGSK-22 Trifolium pratense  Bpa6eso/Vrabevo CmBoBa rpaavta 436
plum orchard
BGSK-23 Trifolium repens Bpa6eso /Vrabevo plum orchard 436
BGSK-24 Festuca rubra Bpa6eso /Vrabevo plum orchard 436
BGSK-25 Trifolium repens Benueso/Velchevo okoceHa msana 375
mowed meadow
BGSK-26 Trifolium hybridum  BenueBo/Velchevo - exit mowed meadow 417
BGSK-27 Trifolium pratense  BugmHa/Vidima BnakHa nsaja 539
wet meadow
BGSK-28 Lotus corniculatus  Buguma/Vidima wet meadow 539
BGSK-29 Trifolium repens Vidima - exit to the mountain ~ wet meadow 643
BGSK-30 Lotus corniculatus  Drashkova Polyana wet meadows 440
BGSK-31 Trifolium pratense  Drashkova Polyana wet meadows 440
BGSK-32 Phleum pratense Drashkova Polyana wet meadows 440
BGSK-33 Lotus corniculatus ~ Troyan - Livadeto wet meadows 437
BGSK-34 Phleum pratense Troyan - Livadeto wet meadows 437
BGSK-35 Trifolium pratense  Troyan - Livadeto wet meadows 437
BGSK-36 Dactylis glomerata  Troyan - Livadeto wet meadows 437
BGSK-37 Trifolium pratense  Bekneme/Beklemeto nmnoaanMt:?nK:;gzggcv < 1640
B CnoBakus npomMeHNuBuUTE reo- In Slovakia, the variable

FpanCKI/I, noYyBEHN N €KOJIOTNYHN YCNOo-
BUA BOOAT A0 6orato PacTUTEesIHO pPa3Ho-
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obpasne Ha noslyecTecTBEeHN TPEBOCTOW.
YcTtaHoBeHu ca 20 BuAa MectoobuTaHus
Ha TpeBOCTOW, KOMTO ca cpes Hain-
BaXHUTe MecToobuTaHus Ha LleHTpanHa
n M3toyHa EBpona. 3a ga ce nogavpxar
MecToobuTaHuATa Ha TpeBocTouTe, Te ce
M3Mnon3eaT No TPaAUUMOHEH HauMH U C
€KCTEH3UBHO ynpaB/ieHME.

B Cnosakma ca cbbpaHu 23
eK3emnaapa ot ypaxHn Tpesu n 6060-
BU kyntypu (Tabnuua 2) oT cefem Mec-
TOMOJIOXEHNST 3a CbbupaHe, pasnoso-
XXEHU NPpWU pasyHU NOYBEHU U KIMMa-
TUYHKM ycnosusa B LieHTpanHa CnoBakus:
Podzamcok (PlieSovska kotlina valley),
Detva Krné (Zvolenska kotlina valley),
Zbojska, Chlipavica, T[lpegHa ropa
(HaymoHaneH napk Murdn  plain),
Martinské hole (HauuoHaneHw napk Mala
Fatra), Donovaly (HaumoHaneH napk
Velka Fatra n Nizke Tatry).

MonyectecTBEHUTE TPEBOCTOM B
Podzamcok n Detva Krné ca anysunanHu
BNaXHW nuBagn. MecToobuTaHna Ha
TpeBocToUTe B paBHWHaTa Muran, Mala
Fatra n Velkd Fatra BknwouBaT me3s0-
nnHM NMBaamM 3a CeHo, nacuwa, nacu-
paHu OT roBeja, apoMaTHM nacuwia
671130 A0 3aMbK 1 AMBagu B 651M30CT A0
cku nudptoBe. PactutenHoctta B MecCT-
HOCTUTE € MpPeguMHO Me30NHN 1
B/I2XXHW NonsHU. Te3n nacuvuia morat ga
ce pasrfiexgar kato MectoobutaHus oT
HaUMOHa/IHO UM E€BPOMECKO 3HaYeHue.
PaBHMHU ¢ nnBaam 3a ceHo (Natura 2000
Ko — 6510) — paspepn Arrhenatherion
elatioris Koch 1926 (Lk1), me3otunHn
nacuuia (mectoobmutTaHme OT HauMOHa/THO
3HayeHune) — paspepn Cynosurion cristati
(Lk3), anyBManHu nuBagn C nAucuya
onatuka (MecToobutaHmsa OT HauMOHa/THO
3HauyeHue) — paspep Alopecurion pratensis
(Lk7) ca Hail-BaxkKHUTE MECTOO06GUTaHuS.

natural grasslands. There have been
identified 20 types of grassland habitats
which are among the most important
habitats of Central and Eastern Europe.
In order to maintain grassland habitats,
they are used by traditional way and
extensive management.

In Slovakia, 23 accessions of
forage grasses and legumes were
collected (Table 2) at seven collecting
sites located under different soil and
climatic conditions of Central Slovakia:
Podzamcok (PlieSovska kotlina valley),
Detva Krné (Zvolenska kotlina valley),
Zbojska, Chlipavica, Prednd hora
(National park Muran plain), Martinské
hole (National park Mala Fatra Mts.),
Donovaly (National park Velka Fatra Mts.
and Nizke Tatry).

Semi-natural grasslands in
Podzamcok and Detva Krné were alluvial
wet meadows. Grassland habitats on
Muran plain, Mala Fatra Mts. and Velka
Fatra Mts. included mesophillous hay
meadows, pastures grazed by cattle,
amenity grassland near to castle and
meadows near to ski lifts. The vegetation
at the localites was mostly of
mesophillous and wet meadows. These
grasslands can be considered as habitats
of national or European importance.
Lowland hay meadows (Natura 2000
code — 6510) — alliance Arrhenatherion
elatioris Koch 1926 (Lk1), mesophillous
pastures (habitat of national importance) —
alliance Cynosurion cristati (Lk3), foxtail
alluvial meadows (habitat of national
importance) — alliance Alopecurion
pratensis (Lk7) are the most important
habitats.
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Tabnuua 2. baza gaHHU OT CbOpPaHNst MaTeprasn oT JIMBafHW TPeBHU BUAOBe B C/10Bakus

SKBG 2017
Table 2. Database Slovak collection from meadow grass species SKBG 2017

Ne Ha CbkpavleHue Bug/Species MecTonosnoxeHue MeCToo6_v|TaH|/|e H.B.

Acronym number Locality Habitat Altitude

SKBG-1 Festuca arundinacea Podzamcok BNiaxHa okoceHa nmsaja 358
wet mowed meadow

SKBG-2 Dactylis glomerata Podzamcok wet mowed meadow 358

SKBG-3 Phleum pratense Podzamcok wet mowed meadow 358

SKBG-4 Trifolium pratense Podzamcok wet mowed meadow 358

SKBG-5 Trifolium repens Podzamcok wet mowed meadow 358

SKBG-6 Trifolium hybridum Podzamcok wet mowed meadow 358

SKBG-7 Trifolium hybridum Detva, Krné wet mowed meadow 329

SKBG-8 Trifolium repens Detva, Krné wet mowed meadow 329

SKBG-9 Trifolium pratense Detva, Krné wet mowed meadow 329

SKBG-10 Dactylis glomerata Detva, Krné wet mowed meadow 329

SKBG-11 Phleum pratense Zbojské&, Muranska planina nacuwe/grazed pasture 369

SKBG-12 Festuca rubra Zbojskéa, Muranska planina nacvwe/grazed pasture 557

SKBG-13 Phleum pratense Chlipavica, Muranska planina nnaxnHcka nnsana 847
mountain meadow

SKBG-14 Dactylis glomerata Chlipavica, Muranska planina  nn.n1./mountain meadow 847

SKBG-15 Trifolium pratense Chlipavica, Muranska planina  nn.n /mountain meadow 847

SKBG-16 Trifolium repens Chlipavica, Muranska planina  nn.n /mountain meadow 847

SKBG-17 Trifolium pratense Predné hora, Muranska planina I(zif(\)/gemHivI\;il:\ZaAa 883

SKBG-18 Festuca rubra Martinské Hole, ski resort nnanmHcka nsana 1251
mountain meadow

SKBG-19 Dactylis glomerata Martinské Hole, ski resort nn. n./mountain meadow 1251

SKBG-20 Phleum pratense Martinské Hole, ski resort nn. n./mountain meadow 1251

SKBG-21 Trifolium pratense Martinské Hole, ski resort nn. n./mountain meadow 1251

SKBG-22 Dactylis glomerata Donovaly Kpai Ha nvsaja 1000
edge of meadow

SKBG-23 Phleum pratense Donovaly edge of meadow 1000

n3BOAN CONCLUSIONS
MpupogHUTEe W1  MONyecTecTBeHUTE Natural and semi-natural

TpeBHM cbobllecTBa B Bbarapusi npuHaa-
nexar KbM Hail-6oraTnte MectoobuTaHuns B
EBpona. Exkcnegunuusita 3a cbbupaHe Ha
pactuteneH matepuan ce duokycupa BbpXy
oypaxkHn Tpeemn 1 6060BK pacteHust. Cvou-
paHeTo Ha BugoseTe Phleum pratense,

Festuca arundinacea, Festuca rubra,
Dactylis glomerata, Lotus corniculatus,
Trifolium  pratense, Trifolium  repens,

Trifolium hybridum ysennun 6uonormyHoTo
pasHoobpasune, KOeTo MOXe [a ce MU3Mo3Ba
B 3emefenveTo M pasMHOXaBaHeTo Ha
pacTeHus.

grasslands in Bulgaria belong to the most
riches habitats in Europe. The collecting
expedition was focused on forage grasses
and legume. The collecting of species
Phleum pratense, Festuca arundinacea,
Festuca rubra, Dactylis glomerata, Lotus
corniculatus, Trifolium pratense, Trifolium
repens, Trifolium hybridum has increased
the biological diversity that can be used
for agriculture and plant breeding.
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PE3OME
Mpe3 2014 e Hab6nwogaBaHo BAWSA-
HMETO Ha KNUMaTUYHUTE  NPOMEHNBU

(Banexxn u cpefHa TemnepaTypa Ha Bb3-
Ayxa) BbpXy AobuBa Ha CyxO BeLLEeCTBO U
napaMeTpute OT aHaJM3a Ha pacTexa
(oTHocuTeneH Temn Ha pactex (RGR),
OTHOCUTENIEH TEMM Ha pacTex Ha nucrata
(RGRA), Temn Ha HeTHa acuMmunaums
(NAR), TemMn Ha pacTex Ha Kyntypute
(CGR) Ha mexaysuaos xmbpug Festulolium
braunii cv. Achilles, cmeckn oT uepBeHa
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SUMMARY

In 2014 an impact of weather
variables (rainfall and mean air
temperature) on dry matter yield and
growth analysis parameters (RGR,
RGRA, NAR, CGR) of intergeneric hybrid
Festulolium braunii cv. Achilles, red
clover/grass and alfalfa/grass mixtures
was observed.

The red clover/grass and alfalfa/grass
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JeTeNIMHaKNUTHU U NIoLEepPHaNKUTHU CMECKN.
CMmeckuTe OT uyepBeHa AeTesIMHAPKUTHU U
nouepHaNkuTHU cmeckn npomssegoxa 30 %
n 37 % no-manko fo6MB CyXO BELLECTBO B
cpaBHeHVMe C MOHOKynTypaTa Festulolium
braunii. CpegHo, cmeckaTa Ha Medicago
sativa + Festulolium braunii nokasa Hai-
BMCOKM CTOMHOCTM Ha RGR (16.49 mg.gt.d™)
n CGR (35.45 mg.g™t.d™).

Pe3syntatute HW noTBbpAMXa Haii-
HUCKa  3aBUCMMOCT OT  KIMMaTUYHUTE
NPOMEH/IBN HA CMecKa OT JoLepHalKUTHA
TpeBu. THKMO 06paTHOTO, MOHOKy/ITypata
Festulolium noka3ssa 3HauMTe/IHO HEraTVBHO
CbOTHOLLEHME mMexay KNMMaTUYHUTE
NpoOMeHVBU (BasieXxu W Temneparypa) u
napameTpute Ha aHaM3a Ha pacTexa
(nbpBKYHa npoaykuns, RGR n NAR).

KnrouoBu aymMn: NbpBMYHA
npoaykuuns, ¢ortocuHTesa, Festulolium,
Trifolium pratense, Medicago sativa

YBO/,

Bcuukn TpeBoOCTOM, KaKTO MHOFOro-
OVIHWTE, Taka 1 efHOroAuLIHNTe, OCury-
psiBaT pasnMyHO NoAAbpPXaHe Ha eKkocuc-
TemuTe. Hail-BaXHOTO Ha 3acAtuTe Tpe-
BOCTOU € € [a OCUTYPAT BUCOKOKAYeCTBEH
doypax Ha 3a xuBoTHUTE. Obaye OKosHa-
Ta cpefa W ynpasfieHWETO B/IUSAAT Ha
CMOCOBHOCTTA Ha efHOoroAuLIHUTE TPEeBO-
CTON [a Npom3Bexaar AOCTaTbyHO KOMu-
4ecTBO, KaTto Ki1nMaTtuyHnTe NpPoOMeHInBUN —
Temneparypa v Baexu ca asete
OCHOBHW MNPOMEHNMBX NOAATIMBA  Aa
NPOMEHSAT MbpBUYHATA NPOAYKLUA.

dypaxHMTEe 6060BM TPEBM MUrpasdTt
BaXHa pons B YCTOWYMBOTO MPOU3BOL-
CTBO Ha TpeBOCTOW, ObXBalaly CTyaeH
[0 Tonbn Knumar (Seegaard et al., 2007).
Trifolium pratense e Hali-BaxHaTa 6060Ba
KynTypa OT eAHOroAWLIHWTE U MHOTOro-
OVILUHM TPEBOCTOM BBLPXY MO-Masiko Mso-
popogHu nousw. jokato Medicago sativa
€ LUMPOKO 3acAT B LleHTpanHa n M3TouHa
EBpona nopaau ronsMaTta aganTUBHOCT
KbM KAMMatuyHuTe ycnosusa conditions
(Wilkins and Kirilov, 2003).

lMoHacToAWEM W3MEHEHMEeTO Ha
KnMMaTta 3acdara  noagbpXaHeto  Ha
ekocucTeMaTa Ha TPeBHUTE CbOoOLLEecTBa.

mixtures produced 30 % and 37 % less
dry matter yield comparing to monoculture
of Festulolium braunii. On average, the
mixture of Medicago sativa + Festulolium
braunii showed the highest values of RGR
(16,49 mg.g™.d") and CGR (35.45 mg.g’
d).

Our results confirmed the lowest
dependency of alfalfa/grass mixture on
weather variables. On the contrary,
Festulolium monoculture showed
significant negative correlation between
weather variables (rainfalls and
temperature) and growth  analysis
parameters (primary production, RGR and
NAR).

Key words: primary production,
photosynthesis, Festulolium,  Trifolium
pratense, Medicago sativa

INTRODUCTION

All grasslands, permanent and
temporary as well, provide several
ecosystem services (Humphreys et al.
2014). The most important service of
sown grasslands is to provide high quality
forage for livestock. However the
environment and management effect the
ability of temporary grasslands to produce
sufficient amount of weather variables -
temperature and rainfalls are the two main
variables susceptible to alter primary
production.

Forage legumes plays a valuable
role in sustainable grassland production
encompassing cold to warm climes
(Sgegaard et al, 2007). Trifolium
pratense is the most important legume
crop of temporary and permanent
grassland on less fertile soils. Whereas
Medicago sativa is widely sown in Central
and Eastern Europe due to high
adaptability to climate conditions (Wilkins
and Kirilov, 2003).

At present climate change affect
grassland ecosystem services.
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HepocTurbT Ha Basexu W noBulleHaTa
Temnepatypa Ha Bb3dyxa npe3 JeTHUs
nepuog npeaun3Bukeat NMPOMEHM B
60TaHNYEeCKMsT CbCTaB, KOETO ce OTpassiBa
KaKkTo B MNPOMEHWTEe B MPOU3BOACTBEHMSA
noTeHuman, Taka U B APYr KauyeCcTBEHU U
KO/IMYECTBEHN XapaKTepuCTUKM Ha TPeBO-
ctoute. Te3n nNpomeHu onpeaensit yHk-
LUMOHA/IHOCTTa Ha ekocucTemMaTa Ha TpeBo-
CTOS1 KaTo [0CTaByMK Ha 6nara B eKocuc-
Temata. [NapameTpuTe Ha pacTexa Ha Kyn-
TypuTe ce cuuTaTt 3a K/IK4Y0BU 3a Konmyec-
TBEHOTO KM3MEpBaHe Ha pacTuTesnHocTTa
(Shen et al., 2014; Tribouillois et al., 2015).
Te3n mapameTpy ce M3MNon3eaT LUMPOKO B
CeJICKOCToNaHCcKnNTe " €KOJTIorMYHnTE
n3cneaBaHns, 3a ga Ce BK/OUM OleHkaTa
Ha pas/IMYHUTE CTPecoBM pakTopu 3a
pacTteHusita, U3napeHne, XPaHUTeTHN LKAN
N  BbINEpoAHM uukAn. Te ca BaxXHU
NPOMEH/IMBU 3a Pa3/IMYHUTE MOAE/N, KOUTO
no3BosisiBaT Aa ce npeasuan yrnpasieHUeTo
Ha MNpoOM3BOACTBOTO Ha TpeBHa Ouomaca
(Reich et al., 2003).

MATEPVWAJT N METOOU

OnuTbT e 3anoxeH npe3 2013 1. B
LieHTpasiHata yact Ha Cnosakusi (Suchy
vrch, 49° 43’ 05.11 "N, 19° 06'22.86 "E,
480 m H. B.). MACTOTO € pasmnosiIoKeHO B
yMepeHOo TOMbJ/1 paioH (cpegHa roguiHa
Temnepartypa ot 9.2 °C, roaveH Basnex
oT 759 mm), nouysata e kambucor.
MpoyyBaHeTO € opraHv3npaHo no paHao-
MU3MPaH NbeH 610K C TPV NOBTOPEHMUSA U
BKMOYBA ~ cregHuTe 3 BapuaHTa:
BapuaHTl - mMoHOKynTypa Ha Festulolium
braunii copT "Axun"; BapuaHT2 - cmMec oT
Trifolium pratense copt "®pecko" +
Festulolium braunii copt "Axun" (cmec ot
netenvHalknuTHKU); BapnaHT3 - cmec OT

Medicago sativa copt “"Tepesa" +
Festulolium braunii copt "Axun" (cmec ot
JOLePHaKUTHN).

CeuntbeHaTta HopMa Ha Festulolium
braunii e 35 kg.ha™, a ceut6enuTe Hopmu
3a cMmeckuTe e 26 kg.ha’l, OoT KouTto 16
kg.ha'1 ca 3a Festulolium braunii n 10
kg.ha'1 3a Trifolium pratense wnm
Medicago sativa. NMpunnaraHeTo Ha TopoBe
BktouBatle 60 kg N ha™ (MoHokynTypa),

Shortage of the precipitation and
increased air temperature during the
summer period cause changes in the
botanical composition, which is reflected
in changes in both production potential
and other qualitative and quantitative
characteristics of grasslands. These
changes determine the functionality of the
grassland ecosystem as a provider of
ecosystem  services. Crop  growth
parameters are considered as key
parameters for quantitative measurement
of vegetation (Shen et al, 2014
Tribouillois et al., 2015). These
parameters are widely used in agricultural
and environmental studies to including the
evaluation of various plant stresses,
transpiration, nutrient cycles and carbon
cycles, and they are important variables
for various models that allow predicting
management of grassland biomass
production (Reich et al., 2003).

MATERIAL AND METHODS

In 2013, the trial was set up in the
central Slovakia (Suchy vrch,
49°43'05.11"N, 19°06'22.86"E, 480 m
a.s.l.). The site was located in a
moderately warm region (an average
annual temperature - 9.2°C, annual
rainfall - 759 mm), the soil was Cambisol.
The trial was arranged in a randomized
complete  block design with tree
replications and comprised the following 3
treatments: Treatment 1 — monoculture of
Festulolium braunii Ccv. Achilles;
Treatment 2 — mixture of Trifolium
pratense cv. Fresko + Festulolium braunii
cv. Achilles (clover/grass  mixture);
Treatment 3 — mixture of Medicago sativa
cv. Tereza + Festulolium braunii cv.
Achilles (alfalfa/grass mixture).

The seeding rate of the Festulolium
braunii was 35 kg.ha™, and the seeding
rates for mixtures were 26 kg.ha’l, of
which 16 kg.ha'1 was for Festulolium
braunii and 10 kg.ha’l for Trifolium
pratense or Medicago sativa, respectively.
The fertiliser application included 60 kg N

123



30 kg N ha™ (cmecku), 30 kg P ha™ 1 60
kg K ha™, npunaraHu npegn 3acsiBaHe
npes nponetta Ha 2013 r. n 60 kg N ha™
MOHOKyNTypa) cneg 1-su oTkoc. [lpes
2014 r. ce u3BbpLIBA CMNEAHOTO TOPEHE:
Festulolium braunii moHokynTypa - 120 kg
N ha® (60 kg N ha™ nponet + 60 kg N ha™
cneg 1-8u o1k0c), 30 kg P ha™ u 60 kg K
ha *; cmeckm - 30 kg P ha™ 1 60 kg K ha™.
KnumaTtnuHmnte npoMmeHnmem (Banexu - R,
cpepgHa Temnepatypa - T) ce ortuutart
exxeflHeBHO. MecTaTta ca KOCeHu Mo Tpwu
NbTW B roguHara.

AHanu3nTe Ha pacTexa ce npose-
[oxa c nomMoLlTa Ha K/lacnyeckus noaxom,.
Ob6nactra Ha suctarta ce onpegens ¢
NMOMOLLITa Ha eNIeKTPOHEH ype[ 3a usmep-
BaHe Ha nuctata AREAMETER LI-COOR
3000. W3uucnasaHeTo Ha napameTpute
Ha pacTtexa Ha Kyntyparta — OTHOCUTEeNeH
Temn Ha pactex (RGR), oTHocuTeneH
TeMn Ha pactex Ha nuctata (RGR,),
TeMmn Ha HeTHa acumunaumsa (NAR), Temn
Ha pacTtex Ha kyntypata (CGR) ce
N3BBbPLUBA CbINAcHO hopmynuTe, fafeHu
B cratuaTa Ha Sestak u Catsky (1966).
[JobuebT Ha cyxo BewectBo (DMY) ce
onpefens ypes macyllaBaHe O MOCTOSHHO
Terno npu 60° C B newl. JaHHuTe 3a RGR,
RGR4, NAR, CGR u DMY ce aHanusunpar
upe3 MeToAa efHOHaKTOPEH AUCTEPCUOHEH
aHanun3 (ANOVA). KopenauuaTa Ha Pearson
ce 13nos3Ba 3a onpefesnisiHe Ha Bpb3KaTa
Mexzay [Be npomMeHnmBu. CTatucTuyeckuTe
aHaIn3KM ca U3BbPLUEHN C NOMOLLTA Ha cod-
Tyep Statgraphics Centurion Bepcus 5.0.

PE3YJITATU N OBCBXXOAHE
B paiioHa Ha Suchy vrch cpegHute
roguHn Banexu ca 795.5 mm, cymara
Ha BasiexuTe Mnpes ces3oHa Ha pacTex e
431.5 mm, cpefgHara roguwiHa Tewmne-
patypa e 8.1°C, a cpegHara Temnepary-
pa npe3 BeretaumoHHNA ce3oH e 14.6 °C.

Bbnpekn, uye 2014 r1. Gewe BAaxHa,
pasnpefeneHneTo Ha Basiexute Mo
BpeEME Ha BeretaTuBHWA nepuog e

HepaBHOMEpPHO. Han-o06unHuTe Basexm
ca MagHanu npe3 Mai, A u asryct
cboTBeTHO ¢ 101.7, 161.2 n 121.2 mm. B

hat (monoculture ), 30 kg N ha™t
(mixtures), 30 kg P ha'and 60 kg K ha™
applied before seeding in spring 2013 and
60 kg N ha™* (monoculture ) after the 1%
cut. In 2014, fertilisation was as follows:
Festulolium braunii monoculture - 120 kg
N ha* (60 kg N ha* spring + 60 kg N ha™t
after the 1% cut), 30 kg P ha*and 60 kg K
ha''; mixtures - 30 kg P ha‘and 60 kg K
ha’. The climate variables (rainfall — R,
average temperature — T) were recorded
daily. The stands were cut three times
a year.

Growth analyses were conducting
using the classical approach. Leaf area
was determinate by using an electronic
leaf area meter AREAMETER LI-COOR
3000. The calculation of the crop growth
parameters - relative growth rate (RGR),
relative growth rate of leaf area (RGR,),
the net assimilation rate (NAR) and the
crop growth rate (CGR) was performed
according to the formulas given in Sestak
and Catsky (1966).The dry matter yield
(DMY) was determined by drying to
a constant weight at 60°C in an oven. The
data for RGR, RGR,, NAR, CGR, and
DMY were analysed by One-way analysis
of variance method (ANOVA). The
Pearson correlation was used to
determine the relationship between two
variables.  Statistical analyses were
performed using Statgraphics Centurion
software version 5.0.

RESULTS AND DISCUSSION

At the Suchy vrch site, the mean
annual rainfall is 795.5 mm, the sum of
rainfall over growing season is 431.5 mm,
mean annual temperature is 8.1°C and
mean temperature over growing season is
14.6°C. Despite the 2014 year was wet,
distribution of rainfall during the growing
season was irregular. The highest rainfall
occurred in May, July and August with
101.7, 161.2 and 121.2 mm, respectively.
Compared to long-term averages, the
sum of rainfall in June and September
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CpaBHEHWe C Ab/roCPOYHUTE CpPenHu
CTOMHOCTM, cymaTa OT Baexute npes
IOHW N CENTEMBPU € No-Masika CbOTBETHO
c 55 n 54% v Te3n meceuu morar ga ce
onpegensat kato MHoro cyxu (durypa 1).

CpepfHara Temnepatypa npes sere-
TaTuBHMA ce30H Ha 2014 e no-Bucoka c
0.6° C. B cpaBHeHMe C AbArOCpPOYHUTE
CpegHn CTOMHOCTW, cpegHata Temnepa-
Typa npes /v 1 cenTeMBpu € no-BMUcoka
cbotBeTHO C 1,4mn1,5°C.

were lower by 55 and 54 %, respectively,
and these months could be classified as
very dry (Figure 1).

The mean temperature over
growing season 2014 was higher by
0.6°C. Compared to long-term averages,
the average temperature in July and
September was higher by 1.4 and 1.5 °C,
respectively.
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our. 1. CpegHa MeceuHa Temniepatypa (°C), obLmTe meceyuHn Basiexu (mm) npe3'
2014 r. »n AbarocpoyHata cpefHa Temnepatypa u Banexu B Suchy vrch,

CnoBakus

Fig. 1. Monthly mean temperature (°C), total monthly rainfall (mm) in 2014, and
long-term mean temperature and rainfall at Suchy vrch, Slovakia

CpegHo, RGR B nepuoga Ha
pacTex Ha 1° oTkoc e 50.84 mg.g™.d™,
[oKaTo B nepuoga Ha pactex Ha 2™
otkoc RGR pgocturat oTpuuatesiHu
cToiiHocTu (-22.78 mg.g™.d™). llavska et
al. (2001) cbLuo cbobUlaBaT 3a Hamass-
BaHe Ha RGR no BpemMe Ha BeretaTuBHUA
nepvoa. Hai-Bucoknte cpegHu CToHOC-
™ Ha RGR 3a BeretatMBHUA CE30H ca
oT4yeTeHM 3a cmeckaTa oT Medicago

sativa + Festulolium braunii (Ta6nuua 1).

On average, RGR in the growth
period of the 1% cut was 50.84 mg.g'l.d'l,
while in the growth period of the 2" cut
RGR reached negative values (-22.78
mg.gt.d?). llavska et al. (2001) also
reported decreasing of RGR during the
growing season. The highest average
RGR values for the growing season were
recorded with the mixture of Medicago
sativa + Festulolium braunii (Table 1).
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Tabnuua 1. OTHocuTeneH Temn Ha pactexa (RGR) u oTHocuTesieH Temn Ha
pacTex Ha nncTaTta (RGR,) B neprofa Ha pacTex Ha pas/IMdHUTE OTKOCU

Table 1. Relative growth rate (RGR) and Relative growth rate of leaf area (RGR,
during growth period of different cuts
RGR [mg.g".d™]

RGRa [mm”.m™~.d™]

O(T:ﬁct)c BapuaHTt/Treatment CpegHo BapuaHTt/Treatment CpegHo
1 2 3 Average 1 2 3 Average
1%71% 4595 57,97 4860 50,84c 44,31 4597 43,78  44,68b
2P -19,47 -26,09 -22,79 -22,78a -12,36 -10,56 -10,96 -11,29ab
3my3™ -8,56 3,03 15,26 1,44b -160,39 1,08 11,41 -56,89a
CpepgHo/Average 597a 11,63a 16,49a - -42,81a 12,16a 15,16a -

CToiiHoCTUTE € BYKBY Ca 3HAYMTENHO MOo-pa3nuyHn npu HuBo P <0,05
The values with different superscript letters are significantly different at P < 0.05 level

Mo Bpeme Ha nepuoja Ha pacTex
Ha 1®" oTtkoc, NAR Bapupa oT 5697.92
mg.mZ.d™ cbc cmecka Medicago sativa +
Festulolium braunii go 8229.31 mg.m?.d™
C MOHOKynTyparta Ha Festulolium braunii
CpegHute cToliHocTuTe Ha NAR B
nepuofa Ha pacTex Ha BTOpW OTKOC 3a
BCUYKM 0OpabOTKM ca 3Ha4YUTENIHO MOo-
HUCKM B CpaBHeHue c nepuoga Ha 1%
oTKoC. [POTVBOMNOJIOKHO Ha BapnaHTTa C
MOHOKyNnTypaTa Ha Festulolium braunii,
06paboTKM CbC CMECKUA XUTHU/6060BU
pacteHus nokassa ysennyeHvne Ha NAR B
3" oTkoc (Tabnuua 2). Hawumre oTkpUTHS
He cbOTBeTCTBaT C Te3un Ha llavska et al.
(2001), kouTO Noco4YBaT ACHa TeHAEHLUUs
3a HamasisBaHe Ha NAR 0T BpeMeHHuTe
TpesocTom nnowwm ot 1* oTkoc go 3-™.

During the growth period of the 1%
cut, NAR varied from 5697.92 mg.m'z.d'l
with the mixture of Medicago sativa +
Festulolium braunii to 8229.31 mg.m?.d™
with the monoculture of Festulolium
braunii. The means of NAR values in the
growth period of the 2"%ut for all
treatments were significantly lower than
in the period of the 1* cut. Contrary to
treatment with the monoculture of
Festulolium  braunii, treatments with
grass/legume mixtures showed increase
of NAR in the 3™ cut (Table 2). Our
findings are not consistent with llavska et
al. (2001) who stated clear tendency for
the decrease of NAR with temporary
grasslands from the 1% cut to the 3" one.

Tabnuua 2. Temn Ha HeTHa acumuniauma (NAR) U Temn Ha pacTex Ha KynTypuTte
(CGR) B nepuoga Ha pacTex Ha pas/IMyHnUTe OTKOCK
Table 2. Net assimilation rate (NAR) and crop growth rate (CGR) during growth

period of different cuts

OTrOC NAR [mg.m”.d"] CGR [g.m™.d"]
cut BapwuaHTt/ Treatment CpegHo BapuaHT/Treatment CpegHo
1 2 3 Average 1 2 3 Average
1%71% 6617,04 8229,31 5697,92 6848,09b 473,99 428,36 222,47 374,95¢c
2P -1262,10 -1658,12 -1170,71 -1363,69a -413,79 -430,45 -206,49 -380,26a
3™/3" -1571,44 286,12 1606,83 -80,28a -79,86 23,31 117,88 9,39b
CPearo 1,61 17a 2285,15a 2099,39%a -5,55a 7,06a 35,45a
Average

CToiiHoCTUTE € BYKBU Ca 3HAYMTENHO MO-pa3NnyHU Npu HMBO P <0,05
The values with different superscript letters are significantly different at P < 0.05 level

Mpe3 2014 r. AO6WBLT Ha CyXo
BELLEeCTBO € 3HauMTEesIHO MO-BUCOK Mpw

In 2014, DMY was significantly
higher with the treatment of the

BapvHaTa ¢ MOHOKyNTypa Ha Festulolium
braunii B cpaBHeHMe cbC cmeckata OT

monoculture of Festulolium braunii when
compared to alfalfa/grass mixture (Figure
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nouepHahHkutTHm Tpeeun (durypa 2). CpegHo
BCUYKM 06paboTKM MoKasBaT eiuH U Cbly,
MoAen ¢ Hall-BUCOK [06MB Ha Cyx0 Bellec-
TBO OT 1™ oTkoc. Mpu BapuaHTHa MOHO-
KynTypa Ha Festulolium braunii, 106VBbT Ha
Cyx0 BellecTBO Hamansaea npu 2™ un 3
™oTkoc ¢ 66% M 80% B cpasHeHue ¢ 1*
0TKOC. TOYHO 06PATHOTO, CE30HHUSAT MoAeN
C XWUTHW/6060BM CMeECKM ce pasnnyasa OT
MOHOKY/ITYPHOTO TpeTupaHe C Haii-HUCKMs
[061B Ha cyxo BellecTBo npu B 2™ oTkoC
(Purypa 2).

2). On average, all treatments
demonstrated the same pattern with the
highest DMY in the 1* cut. In treatment
with monoculture of Festulolium braunii,
the DMY decreased in the 2™ and the 3"
cut by 66 % and 80 % compared to the
1* cut. To the contrary, seasonal pattern
with the grass/legume mixtures differed to
the monoculture treatment with the lowest
DMY in the 2™cut (Figure 2).

- ok =k
N B

Dry matter yield (t.ha ")
o N R O 0 O

01 cut

2 3

Treatment
B2cut @3cut

odur. 2. lo6yB Ha cyxo BellecTBo (t.ha™) B MOHOKynTypa Ha Festulolium braunii,
cmec ot Trifolium pratense + Festulolium braunii n cmec ot Medicago sativa +
Festulolium braunii

Fig. 2. Dry matter yield (t.ha™) in monoculture of Festulolium braunii, mixture of
Trifolium pratense + Festulolium braunii, and mixture of Medicago sativa +

Festulolium braunii

Tabnmua 3 nokas3Ba CTOMHOCTUTE
Ha KOpenauuoHHWs KoeuuMeHT Ha
Pearson 3a nNpoMeHNnBUTE Ha BPEMETO,
CBbP3aHy C napameTpuTe Ha pacTex Ha
kyntypute. RGR, NAR 1 gobus Ha cyxo
BELLECTBO Ha  MOHOKynATypara  Ha
Festulolium braunii nokassaTt 3Ha4YuTE/THO
OTpULATENHO CbLOTHOLLEHME C Baslexute
(r = -0.77%, P<0.0143; r = -0.84%
P<0.0043; r = -0.87* P<0.0096) wu
TemnepartypaTta (r = -0.94*, P<0.0002; r =
-0.94*, P<0.0001; r = -0.98*, P<0.0001).
3a pasnuka ot TAX, RGR u CGR Ha
cmeckata ot Trifolium  pratense  +

Table 3 shows values of the
Pearson correlation coefficient for the
weather variables associated with the
crop growth parameters. RGR, NAR and
DMY of the monoculture of Festulolium
braunii displayed significantly negative
correlation with rainfall (r = -0.77%,
P<0.0143; r = -0.84*, P<0.0043; r = -
0.87*, P<0.0096) and temperature (r = -
0.94*, P<0.0002; r = -0.94*, P<0.0001; r =
-0.98*, P<0.0001) as well.

RGR and CGR of the
Trifolium  pratense  +

By contrast,
mixture  of
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Festulolium braunii nokassat oTpuyaTenHa
Kopesiauumsi caMo CbC cpefHaTta Temnepary-
pa npes neproja Ha pacTex Ha pas/MyHu-
Te oTkocu (r = -0.84*, P<0.0043; r = -0.62*%,
P<0.043). YyBcTBUTENHOCTTA Ha YepBeHa-
Ta JeTe/iMHa W HeWHUTe CMecKM KbM
TemneparypaTa e otyeTeHa oT Trucak et al.
(2016), Kizekova et al. (2013). Huckute
CTOMHOCTM Ha KopernauuMoHHuTe Koedu-
LUMEeHTU MnokasBaT, Ye AbXAbT UM cpea-
HaTa Temnepatypa npe3 nepuoja Ha
pacTex He BAWASIT 3HauMTesIHO Ha CGR 1
[06VBBT Ha CyX0 BELLEeCTBO MNpu CMecka oT
NoLEPHANKUTHU TPEBMU.

Festulolium braunii showed negative
correlation mainly with the average
temperature during the growth period of
different cuts (r = -0.84*, P<0.0043; r = -
0.62*, P<0.043). The sensibility of red
clover and its mixtures to temperature
was recorded by Trucak et al. (2016),
Kizekova et al. (2013). The low values of
correlation coefficients indicated that
either rainfall or average temperature
during the growth period did not
significantly affect the CGR and DMY at
alfalfa/grass mixture.

Ta6nvua 3. KopenauvoHeH KoedUUMEHT Ha Pearson mMexay NPOMEH/IMBUTE Ha
BpPeMeTO 1 NapaMeTpuTe Ha pacTexa Ha Ky/TypaTa npe3 nepuofa Ha pactex Ha

pasmMyHnTE OTKOCKH

Table 3. Pearson correlation coefficient between weather variables and crop
growth parameters during growth period of different cuts

BapuaHT / Treatment

MapameTbp [MpomMeHnuBa Ha BpemeTo 1 > 3
Parameter Weather variable
P r P r P
RGR R [mm] -0,77, 0,0143 -0,62 0,0717 -0,52 0,1827
T[°C] -0,94 0,0002 -0,84 0,0043 -0,78 0,0210
RGRA R [mm] -0,56 10,1148 -0,74* 0,0220 -0,84* 0,1009
T[°C] -0,47* 0,1951 -0,92* 0,0004 -0,84 0,0077
NAR R [mm] -0,84* 0,0043 -0,69* 0,0372 -0,62* 0,0992
T[°C] -0,94 0,0001 -0,85 0,0030 -0,84 0,0075
CGR R [mm] -0,60 0,0823 -0,43 0,268 -0,32 10,4303
T[°C] -0,89 0,0046 -0,62 0,0430 -0,62 0,0948
DMY R [mm] -0,87: 0,0096 -0,63* 0,1250 -0,52 0,7723
T[°C] -0,98 0,0001 -0,90 0,045 -0,69 0,7806

R - 061}, MeceueH Banex no Bpeme Ha nepuoga Ha pactex / total monthly rainfall during the growth period
T - MeceyHa cpefHa Temneparypa npes nepuoga Ha pactex / monthly mean temperature during the growth

period

* - 3HauMTeNHO pasnuyHu npu P <0.05 HuBo / significantly different at P < 0.05 level

N3BOAM

Hali-Bucokute CTOMHOCTM Ha napa-
MeTpuTe Ha pacTex Ha Ky/lTypute noTBbp-
xaasa, ye 1" oTkoc e Hall-npoAyKTUBHUSA
nepuos Ha pacTex 3a XuTHarta MOHOKY/I-
Typa M cMeckaTa OT XUTHW/6060BU TpPEBW.
HepaBHOMepHUTE BasleXXM W BUCOKN TEM-
nepatypu no Bpeme Ha nepuoga Ha pacTex
npu 2-py m 3-TM OTKOC MOBAUAXA Ha
Npou3BOACTBOTO MpPU BCUYKM BapuaHTu
BnvaHneto Ha Banexute U cpegHarta
Temneparypa HAma Bpb3ka ¢ CGR n
[OBUBBLT Ha Cyx0 BeLlecTBO CbC CMeckarta
Ha Medicago sativa + Festulolium braunii.

CONCLUSIONS

The highest values of crop growth
parameters confirmed that the 1% cut is
the most productive growth period for
grass monoculture and grass/legume
mixtures as well. Irregular rainfall and
warm temperatures during the growth
period in the 2™ and 3" cut impacted the
production of all treatments. The effect of
rainfall and average temperature was not
significantly correlated with CGR and
DMY with the mixture of Medicago sativa +
Festulolium braunii.
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