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PE3OME

Mpe3 nepuoga 2011-2013 1. B
paiioHa Ha CpepgHa CTtapa nnaHuHa npwu
Hagmopcka BucodnHa 1400 M e 3as10XKeH
MOJICKN ONMWUT C EXErofHoTo pefyBaHe Ha
MunHepanHo TopeHe ¢ N un P. lNpoyyeH e
pobrvBa Ha cyxa Maca W 60TaHU4YHUA
CbCTaB Ha eCTECTBEH TPEBOCTON OT Tuna
Nardus stricta. M3nutaHn ca cnegHute
BapvaHTu Ha TopeHe: 1. HetopeHo (KoH-
Tpona 1); 2. ExerogHo TopeHe C NgPg
(KoHTpona 2); 3. 1-Ba roguHa TopeHe ¢
Ng, a 2-pa n 3-Ta — ¢ Pg; 4. 1-Ba rognHa
TopeHe ¢ Pg, a 2-pa 1 3-Ta — ¢ Ng; 5. 1-Ba
n 2-pa roguHa topeHe ¢ Ng, a 3-Ta — ¢ Pg;
6. 1-Ba 1 2-pa roguHa TopeHe ¢ Pg a 3-ta —
Cc N, 7. 1-Ba rognHa TopeHe c Ng 2-pa
roanHa — ¢ Pg, 3-Ta rognHa — ¢ Ng; 8. 1-Ba
rogvHa TopeHe c Pg, 2-pa rognHa — ¢ Ng,
3-TaroguHa — ¢ Pg

YCcTaHOBEHO € MOJIOXUTESNHO B/USA-
HMe BbPXYy p[obmBa Ha cyxa Maca B
pe3ynTtaT Ha exerogHoto TopeHe ¢ Ng Psg,
KaKTO N CaMOCTOSITE/THOTO BHacsiHe Ha Ng
n Pg upes pegysaHe.

Haii-Bucok echekT nokasa exerog-
HOTO TopeHe ¢ Ng Pg, B pe3yntar Ha KoeTo

SUMMARY

During the period of 2011-2013 in the
area of the Central Balkan Mountain at the
altitude of 1400 m was set a field
experiment with the annual alternation of N
and P and NP mineral fertilization. Dry
matter yield and botanical composition was
studied of the natural grassland of the type
Nardus Stricta. The following variants of
fertilization were tested: 1. Non-treated
(Control 1); 2. Annual fertilization with NgPg
(Control 2); 3. 1% year of fertilization with Ng,
and 2nd and 3rd year with Pg; 4. 1% year of
fertilization with Ng, and 2™ and 3™ year with
Ng; 5. 1st and 2nd year of fertilization with
Ne, and 3rd year with Pg; 6. 1st and 2nd year
of fertilization with Pg, and 3rd year with Ng;
7. 1% year of fertilization with Ng 2™ year —
with Pg, 3rd year with Ng; 8. 1st year of
fertilization with Pg, 2™ year with Ng, 3" year
with Pg

A positive impact on dry matter
yield was found as a result of the annual
fertilization with Ng Pg, as well as the
independent introduction of Ng and Pg by
alternation.

The highest effect showed the
annual application of NgPg, as a result the
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[O6GMBBT Ha cyxa maca npesulIaBa HeTo-
peHaTa KoHTpona cbe 124,33%. Bktoye-
HOTO B EKCMepUMeHTa TOpPeHe ypes BHa-
caHe 1-Ba 1 2-pa roguHa Ha Pg a 3-Ta Ha
Ne [oBefe [0 nNpeBulleHWe Ha fobusa
cyxa maca cnpsamo KoHTposiata e 85,37%
CpefHo 3a nepmoja Ha npoyyBaHe.
MonoxuteneH e wn edekra oT
NMPOMEH/IMBOTO MWHEpPASIHO TOPEHE npwu
BapnaHtn 4 (Pg/li/Ng/ll;  Ng/lll); 3
(Ng/1;P6/11;P6/1I) 1 8 (Pe/l;Ng 1I/;Pg/1N1), kaTo
CpegHo 3a TPWUroAMLIHMA nepuog NoBu-
WweHneTo Ha pobuBa e, CbLOTBETHO
47,61%; 27.61 wn 25,63% cnpsamo
HeTopeHaTa KoHTpona (K1).
MpoMEHNBOTO TOPEHE C pefyBaHe
Ha Ng¢ n Pg He npeBuwasa no [o6uB
TopoBarta kKoMmbuHaums ¢ Ng Ps.
M3nuTaHuTe BugoOBE TOPOBE, A03U
OT TAX M HauYMHM Ha BHacsAHe BOJAT A0
yBe/nMyBaHe Ha XuUTHUTe, 6060BU WU
pasHOTPEBM 3a CMETKA Ha AOMUHUpALLUS
Bua — Nardus stricta L.
KntouoBn paymu: Nardus stricta,
TOpeHe, 4obus, 60TaHMYECKN CbCTaB

yBO/[,

KapTbnoBute TpeBOCTOU Ca BaXeH
(hakTop 3a pasBUTMETO Ha XMBOTHOBbBA-
CTBOTO B M/IAHWHCKMUTE W BWCOKOM/I@HWH-
CKM palioHM Ha Hawarta cTpaHa U Yyxou-
Ha. MoJobpsiBaHeTO Ha TPeBOCTOA Npu
TO3M TWUM UW3NUCKBA CNELUMUYHN MEpPKM,
KaTo eflHa OT Haill BaXHWTe e TOpPEeHEeTo
(Marusca et al., 2014). Mpu exerogHoTo
npunaraHe Ha efHM U CbWU TOpPOBE
(MMHepasiHM WM OpraHuyHW) HacTbnBat
HexenaresHn n3MeHeHuss B 6GoTaHuuec-
KA CbCTaB Ha TpeBOCTOMTE, KOEeTo e
0COBEHO CW/THO M3pa3eHo Npy CEHOKOCEH
pexum Ha nonssaHe (Totev, 1984; 1985).
MpuyvHa e, ye M3non3BaHUTe TOPOBE He
OTrOBapAT HaMb/IHO Ha U3MCKBaAHMATA Ha
TpeBuTe, KOETO BOAWM [0 BfOWaBaHe
KauecTBOTO Ha MnonydaBaHua  dypax
(ceHo, cunax, ceHax n ap.).

B Tasn Bpb3ka € YyCTaHOBEHO OT
Hawwm (Totev, 1972; 1977; Lingorski and
Churkova, 2005) 1 uyxaun nscnegosarenu
(D'Ottavio et al., 2003; Kasperczyk et al,

dry matter yield exceeded the non-treated
control by 124.33%. The fertilization
included in the experiment by introducing
in the 1st and 2nd years of Ps, and in the
3rd year of Ng resulted in an excess of dry
mass yield relative to the control by 85,37
% on average over the survey period.

The effect of variable mineral
fertilization was also positive in the
following variants: 4 (Pg/l; Ng/ll; Ng/lll); 3
(Ne/l; Pelll; Pgllll) and 8 (Pg/l; Ng/ll; Pgllll),
as the yield increase for the three-year
period was averagely within the range
47.61%; 27.61 and 25.63% in comparison
with the control (K1).

The variable fertilization  with
alternation of Ng and Pg did not exceed the
yield of the fertilizer combination with Ng Ps.

The tested types of fertilizers, their
doses and methods of application lead to an
increase of grasses, legumes and motley
grasses components at the expense of the
dominant species — Nardus stricta L.

Key words: Nardus Stricta,
fertilization, yield, botanical composition

INTRODUCTION

Nardus grasslands are important
factor for the development of animal
breeding in the mountaine and high
mountain regions in Bulgaria and abroad.
The improvement of that kind of grassland
requires specific measures, as one of the
most important is the fertilization
(Marusca et al.,, 2014). In the annual
application of one and the same fertilizers
(mineral or organic) there are undesirable
changes in the botanical composition of
grasslands, which is particularly
pronounced in the haymaking regime of
use (Totev, 1984; 1985). The reason is
that the fertilizers applied do not fully meet
the requirements of the grasses, which
leads to a deterioration of the quality of
the forage obtained (hay, silage, straw,
etc.).

In this regard, it is found by ours
(Totev, 1972; 1977; Lingorski and
Churkova, 2005) and foreign researchers
(D'Ottavio et al., 2003; Kasperczyk et al,
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2005; Alibegovic-Grbic et al., 2008; Vintu
et al., 2008; Bou et al., 2009; Tenz et al.,
2010; Tarcau et al, 2012; Constantinescu
et al.,, 2013; Dragomir et al., 2014; Vintu
et al., 2015), ye peayBaHeTO Ha pas/INyHA
TOpOBM KOMOGMHaLMM OKasBa OGnaronpus-
TeH edqeKT BbPXY KOMYECTBEHUTE WU
KauyecTBEHWTE MokKasaTenn Ha noslyyeHust
hypax OT To3u Tun TpeBocCTou. Jluncata
Ha Nogo6HU n3cneaBaHUsi 3a €CTECTBEH-
UTe TPEBOCTOM B MpeansaHuHCKUTE W
nnaHWHckUTe palioHn Ha CpegHa Crapa
nnaHvHa e npeanocTaBka 3a NpoBexga-
HETO 1M,

Llenta Ha n3cnegBaHeTo e ga ce
YCTaHOBW B/IMSIHUETO Ha E€XEerogHoTo pe-
JyBaHe Ha caMOCTOSITE/IHO U B KOMOMWHa-
umMs TopeHe ¢ as3oT u dhocdop BLPXY A0-
61Ba 1 60TaHMYHUSI CbCTAB HA eCTECTBEH
nacuuieH TpeBocToli oT Tuna Nardus
stricta B palioHa Ha CpegHa Crtapa
nnaHuHa.

MATEPWNAN N METOAW

EkcnepumeHTbT 6Gelle wu3BedeH
npe3 nepuvoga 201 -2013 rognHa BbpXY
€CTeCcTBEH TPEBOCTOW OT KapTb/IOB TuUM
(Nardus stricta) npu HagMopcka BUCOUYNHA
oT 1400 m Ha mecTHOCT “Yyuyn”. OnuUTsLT
6ewe 3an0XeH no 650koBUA MeToq B 4
NMOBTOPEHUSA C rOSIEMUHA HAa peKosiTHaTa
napuesnka 5 m? npu 10XHO W3NOXeHUe Ha
CKMoHa, € HaknoH 9 B 6/m30CcT [0
LUMPOKONUCTEH ropckn macue. MNMousarta e
NNaHWHCKO-IMBaAHa (XyMYCHO-CU/IMKaTHA),
(Rankers). bsixa npoyyeHu cnegHute
HOPMU U KOMOBUHAUUW Ha MUHEpasHO
TopeHe: 1. HetopeHo (KoHTpona 1); 2.
ExerogHo TopeHe ¢ NgPs (KoHTpona 2); 3.
1-Ba rognHa TopeHe ¢ Ng, a 2-pa n 3-Ta —
¢ Pe; 4. 1-Ba roguHa TopeHe ¢ Pg, a 2-pa u
3-Ta— c Ng; 5. 1-Ba 1 2-pa rognHa TopeHe
¢ Ng, a 3-Ta — c Pg; 6. 1-Ba 1 2-pa rogmHa
TopeHe ¢ Pg a 3-Ta — ¢ Ng; 7. 1-Ba rogmHa
TopeHe ¢ Ng 2-pa roguHa — c Pg, 3-Ta
roguHa — ¢ Ng; 8. 1-Ba rognHa TopeHe ¢ Pg,
2-paroguHa — ¢ Ng, 3-Ta rognHa — ¢ Pg.

BHeceHuTe TOpOBe ca ca asoTeH
(amoHveBa cenutpa) u pocdopeH (TpoeH

cynep cocdar).

2005; Alibegovic-Grbic et al. , et al., 2008;
Tang et al, 2009; Tark et al., 2010;
Tarcau et al, 2012; Constantinescu et al.,
2013; Dragomir et al., 2014; Vintu et al.,
2015) that the rotation of different fertilizer
combinations have a beneficial effect on
the quantitative and qualitative indicators
of the forage that is obtained from this
type of grass. The lack of such research
on the natural grasslands in the foothills
and mountain areas of the Central Balkan
Mountains is a prerequisite for their
implementation.

The aim of present study is to
determine the impact of the annual
rotation of independent application and a
combination of nitrogen and phosphorus
on the yield and botanical composition of
natural grazing grassland of Nardus
stricta type in the region of the Central
Balkan Mountain.

MATERIAL AND METHODS

The experiment was carried out
during the period of 2011-2013 on natural
grassland of Nardus type (Nardus stricta)
at an altitude of 1400 m in the Chuchul
locality. The experience was set up on the
block method in 4 replications with a plot
size of 5 m” at the south side of a slope of
9° near a broadleaf forest massif. The soil
is umbrisol (humus-silicate), (Rankers).
The following mineral fertilization norms
and combinations were studied: 1. Non-
treated (Control 1); 2. Annual fertilization
with NgPg (Control 2); 3. 1% year of
fertilization with Ng, and 2™ and 3" year
with Pg; 4. 1% C}/ear of fertilization with Pg,
and 2™ and 3r? year with Ng; 5. 1% and 2™
year of fertilization with Ng, and 3ry year
with Pg; 6. 1% and 2™ year of fertilization
with Pg, and 3r® year with Ng; 7. 1% year of
fertilization with Ng, 2™ year — with P, 3rd
year with Ng; 8. 1% year of fertilization with
Pe. 2™ year — with Ng, 3" year with Pg.

The imported fertilizers are nitrogen
(@ammonium nitrate) and phosphorus
(triple super phosphate).
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PekontupaHeto Ha  onuUTHUTE
nnowy 6ewe WuU3BLPLWEHO BbLB (asa
usknacsBaHe — Havaslo Ha UbPTEX Ha
KapTbna.

Mpu npoBexgaHeTo Ha onuta 6sxa
npocnefeHn crefHuTe nokasartenn: 1.
[obuB Ha cyxa maca — otuuTaH B kg da™
W onpefensH 4pes nokocsiaHe Mnowra
Ha BCfikKa pekonTHa napuenka no
NOBTOPEHUsA C nocnefBallo u3cyllaBaHe
B nabopaTtopHu ycnosua npu 105°C Ha
pacTutenHu npobu u npemsuncrsiBaHe 3a
nnow, ot 1 da Bb3 OCHOBa Ha CbAbpXa-
HMETO Ha Cyx0 BeLLeCcTBO MO roAuvHU ”
cpefHo 3a nepuoga. 2. botaHuyeH cbC-
TaB Ha TPEBOCTOSA B Tersn0BeH %, KONTO e
onpenensaH TernoBHO 4pe3 aHanui Ha
TPEBHM Npo6W, B3E€TU HENOCPeACTBEHO
npeay kocutbarta, kaTo 6eLle ycTaHOBABaHO
MPOLIEHTHOTO yyacThe Ha OCHOBHUTE 6oTa-
HUYecKkn rpynn (KUTHU 1 6060BM Tpeswu) U
Ha pasHoTpeBuTe (06LL0), KaKTO 1 yyacTume-
TO Ha OTAENHWUTE BUAOBE NMpes roguHuTe.

Cratuctnyeckatra ob6paboTka Ha
[o6MB cyxa Maca e M3BbpluBaHa upes
ancnepcuoHeH aHanus (JingaHckn, 1988).

PE3YJITATU N OBCBXAAHE

Mpe3 nbpBaTa ONWTHA rognHa yBeu-
yeHMeTo Ha npoaykTueHocTTa (Tabnuua 1)
Ha KapTb/0BUS TPEBOCTOM e Aob6pe um3pa-
3eHa npu KoMOrHMpaHoTo BHacsiHe Ha NgPg
(Bap. 2). PeannsmpaHunsaT [o6uB Ha cyxa
maca oT 209,70 kg da’ e ¢ 53,02% no-
BMCOK OT KOHTponaTa. lNpu TopeHe camo-
cTtoaTenHo ¢ Pg (Bap. 4 n 6) cbwo bewe
OTYeTEHa BMCOKa MPOAYKTMBHOCT Ha cyxa
mMaca, CboTBeTHO 159,91 kg da™ n 174,54
kg da™. lo6nuBMTe OT BapuaHTUTE Ha camo-
CTOATENIHOTO a30THO TopeHe (Bap. 3, 51 7)
ca no-HMWCKM OT Te3n Ha HeTopeHaTta
KOHTpona.

MNpe3 BTOpara onuTHa roguHa,
KOATO Ce xapakrepusmpa € MUHMMAasiHo
KOJINYECTBO BasieXu npes NeTHNs nepuos
(51,8; 7,2 n 39,1 mm), edheKkTbT OT U3NU-
TaHOTO TOpeHe BbpXy A06MBA Ha KapTb-
IOBMSAI TPEBOCTOI € MO-HWUCHK. Haii-npo-
OYKTVBEH € TPeBOCTOS, TOPEeH camocTos-
TenHo ¢ Pg (Bap. 6), npn KONTO peannsu-
paHunsa pobus e 135,69 kg da™, kato npe-

The harvesting of the experimental
areas was carried out at the stage of ear
formation — beginning of blossoming of
Nardus.

The following indicators were
followed during the experiment; 1. Dry
matter yield — reported in kg da™® and
determined by cutting the area of each
harvest plot in repetitions with subsequent
drying under laboratory conditions at 105
° C of plant samples and recalculation for
an area of 1 da based on the dry matter
content by year and average over the
period. 2. Botanical composition of
grassland in weight percentage (%) was
determined by weight analysis of grass
samples taken immediately before
mowing, as the percentages share of the
main botanical groups (grasses and
legumes) and of motley grasses (total)
were determined, as well as participation
of individual species over the years.

The statistical processing of dry
matter yield was performed by dispersion
analysis (Lindansky, 1988).

RESULTS AND DISCUSSION

In the first experimental year, the
increase in productivity (Table 1) of
Nardus grassland was well expressed in
the combined introduction of NgPg (variant
2). The actual dry matter yield of 209.7 kg
da™ was 53.02% higher than the control.
In fertilization with Pg (variant 4 and 6), a
high dry matter productivity of 159.91 kg
da™ and 174.54 kg da™ was also reported.
The vyields of the independent nitrogen
fertilization variant (variant 3, 5 and 7) are
lower than those of the non-treated
control.

In the second experimental year,
which is characterized by a minimum
amount of rainfall during the summer
period (51.8, 7.2 and 39.1 mm), the effect
of the fertilizer tested on the yield of
Nardus grassland is lower. The most
productive is the grassland, fertilized by
Ps (var. 6), where the vyield is 135.69
kg da™, as the excess compared to the
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BULLIEHNETO CNPAMO KOHTPOJIHUA HETOPEH
BapuaHT e 28,67%.

OTHOCUTENTHUAT [J06UB Ha cyxa
mMaca npu TPeBOCTOA C NPU/IOXKEHO peay-
BaHe Ha dpocdpop (Bap. 3 1 7) 1 a3oT (Bap.
8 n 5) oTcTbNBAT NO NPOAYKTMBHOCT Ha
HeTopeHaTa KOHTpoJia. YCTaHOBEHUTE NOo-
HUCKN [0OUBM BEPOATHO Ce Ob/hKaT Ha
cneunuyHUTe  KIMMaTUyHU  YC/OBUSA,
KaTto yCBOSABAHETO Ha MUHEpasIHUTe TOpo-
BE € HapyweHOo OT MpPOAb/HKUTESIHOTO
3acyllaBaHe W Heobu4yailHO BUCOKMTE
TemnepaTtypy nNpogbL/KUAN OT KbCHaTa
nposieT A0 Kpas Ha NAToTo. EAMHCTBEHO
a30THUSIT TOpP, MPUIOXeEH B A03a 6 kg da™
aKTVMBHO BELLLECTBO peasiM3vpa Mno-B1Ucoka
NPOAYKTMBHOCT OT KOHTponarta (+16,68%),
HO MpW BCUYKM BapmaHTn e HabnwgaBaHa
oTpuLaTesiHa A0Ka3aHOCT Ha pasnnkuTe.

EheKTbT OT NPOMEHIBOTO TOPEHE e
Hali-BUCOK npe3 TpeTarta roguHa ot npwna-
raHeto my (Tabnuua 1). lMNMoBuweHneTo B
pobuBa Ha cyxa Maca npu TOpeHuTe
BapnaHT! CrnpsAMO HeTopeHaTa KOHTposa e
B rpaHuymTe ot 38,97% pno 283,22%. lMNpe3s
Tasy roAvMHa ce BwxkAa B/MAHMETO Ha
nocnegencTtene Ha OCHOPHOTO TOPEHE.
BapuaHtute ¢ npunaraHe Ha caMOCTOS-
TeNnHo ochopHO TOpeHe npe3 fABe OT
TPUTE ONUTHWU TOAVHU CBLLO NPEBBL3XOXAAT
HeTopeHaTa KOHTposia € MHOro pAobpe
[JoKasaHu pasnukn, a Te3n CbC camMoCToA-
Te/lHO a30THO TopeHe (Bap. 5 m 7) ca
OTHOCUTESIHO MO-HUCKOA0OMBHM.

Mpe3 TpeTata roguHa OT OMUTHUSA
nepuog (2013) knumMaTuU4HMTE  hakTopK
6s51xa 0cobeHO 6naronpusATHM 3a pacTexa
Ha ecTecTBeHMTe TPEBHM acoumaumn B
NJIaHUHCKMA pernoH. BHeceHWTe B Ha4anoTo
Ha MeceL, I0HW MVHepasiHu MakpoTopoBe
MOXe [a ce MNpeanonoxu, ye ca pobpe
ycBOeHU. KomMyecTBOTOTO Basiexu U cpeg-
HOMeceyHn Temnepatypu mnpe3 meceuuTe
OHU (274,6 mmu 18,7°C) u tonu (61,2 mm u
19,4°C) ca nosnusinu 61aronpusiTHO BbPXY
pobuBa. CbhyeTaBaHeTO Ha pejysBalliy ce
npe3 roavHWTE BUOOBE W  KOMMWYeCTBa
MakpoTopoBe, C ONTUMaJIHUTE 3a paiioHa
BfiaroobesneyeHne n Temnepartypu e npeg-
rnoctaBka 3a MNoJjiydyaBaHe Ha BMCOKa Npo-
[OYKTMBHOCT OT TpeBoCTouTE.

control non-treated variant is 28.67%.

The relative dry matter yield in
grassland with the application of
alternation of phosphorus (var. 3 and 7)
and nitrogen (variant 8 and 5) gave in
productivity to the non-treated control.
Lower yields are probably due to specific
climate conditions as the absorption of
mineral fertilizers is disturbed by
prolonged drought and the unusual high
temperatures that continued from late
spring to the end of summer. Only the
nitrogen fertilizer, applied at a dose of 6
kg of da™ active substance achieved a
higher productivity than the control
(+16.68%), but in all variants negative
evidence of differences was observed.

The effect of variable fertilization is
highest in the third year of its application
(Table 1). The increase in dry matter yield
in fertilized variants in comparison with
the non-treated control ranges from
38.97% to 283.22%. In this year could be
seen the after-action of phosphorus
fertilization. Variation with the application
of independent phosphorus fertilization in
two of the three experimental years also
exceed the non-treated control with very
well-proven differences and those with
independent nitrogen fertilization (variant
5 and 7) have relatively lower yield.

In the third year of the experimental
period (2013), climate factors were
particularly favourable for the growth of
natural grasslands in the mountain region.
Mineral macro fertilizers introduced at the
beginning of June can be assumed to be
well-absorbed. The amount of precipitation
and average monthly temperatures in June
(274.6 mm and 18.7 °C) and July (61.2
mm and 19.4 ° C) have had a favorable
effect on vyield. The combination of
alternating types and quantities of macro
fertilizers, with the optimum moisture for
the region and temperature is a
prerequisite for obtaining high productivity
from the grasslands.
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Tabnuua 1. o6us Ha cyxa maca B kg da® oT ectecTBeH TpeBocTon Tnn Nardus stricta (H.B. 1400 m) no rogviH1 1 cpeaHo
3a nepuopga (2011-2013) npu NPOMEH/IMBO MUHepasiHo TopeHe ¢ N n P

Table 1. Dry matter yield in kg da™® from natural grassland of Nardus Stricta type (at the altitude of 1400 m) by years and
average for the period (2011-2013) in alternating mineral fertilization with N and P

2011 2012 2013 CpefHo 3a TpUroguLLeH nepuog
Average for a 3-year period
) ¢ >, ¢ >, ¢ < ¢
BapuaHTu / Variants _ 2e ge . g e 2ga |, ge 29 . 2e ge
s Bz |B® |® |B®|Bp % |B® |B® % |BT |E%
e o ® c @ e S ®© o ® e S ®© o ®© e o ® c ®
= Sg |88 | 7 SE |8 | 7 SE g | 7 SE SE
3 3 3 3 3 3 3 3
1. HetopeHo/Non-treated (K1) | 137,05 | 100,00 - | 65,35 | 105,46 | 100,00- | 92,95 | 139,00 | 100,00- | 26,09 | 127,17 (100,00 - 44,58
2.NgPs/I; NePg/Il; NsPs/Ill (K2) | 209,70 | 153,02 - | 100,00 - | 113,45 | 107,58- | 100,00- | 532,67 | 383,22+++ | 100,00 - | 285,27 [224,33 +++ | 100,00 -
3. No/l; Pg/ll; P/l 108,40 | 79,10- | 51,69 - | 93,53 | 88,69- | 82,44- | 284,88 | 204,96+++| 53,48 | 162,27 (127,61 - 56,88 00
4. Poll; Ng/ll; Ng/lll 159,91 | 116,68 - | 76,25 - | 110,87 | 105,14- | 97,73- | 292,34 | 210,32+++| 54,88 | 187,71 [147,61 - 65,80 0
5. No/l; No/Il; Pg/lll 91,24 | 66,58 - | 43,51- | 70,58 | 66,93- | 62,22- | 193,16 | 138,97+ | 36,26 | 118,33 93,05 - 41,48 000
6. Pg/l; Pg/ll; Ng/lll 174,54 | 127,36 - | 83,23 - | 135,69 | 128,67- | 119,61- | 396,97 | 285,60+++ | 74,52 | 235,73 [185,37 ++ 82,63 -
7. No/l; Po/ll; No/IlI 74,93 | 54,67 - | 3573- | 64,07 | 60,76- | 56,47- | 213,17 | 153,37++ | 40,02 | 117,39 [92,31 - 41,15 000
8. Pll; Ng/ll; P/l 78,41 | 57,21- | 37,39- | 57,58 | 54,60- | 50,76- | 343,30 | 246,98+++| 64,45 | 159,76 |125,63 - 56,00 00
GDsos 111,82 81.59  38.91 56,11 53.21]  46.90 43,18 30,96 8,60 | 78,70 61,97 27,61
GDi 151,54 | 110.57]  52.73 76,04 72.10|  63.56 58,75 42,12 11,80 | 107,08 | 84,31 37,57
GD o015 201,93 | 147.34  70.26] 101,83 96.56]  85.11 79,31 56,85 16,06 | 144,54 | 113,81 50,71
*1L 1L 1L IV roguHm oT onuTHUA nepuog,; NgPe — BUA HA MUHEpasiHUA TOp U TOPOBa HOpMa B akKTUBHO BELLLECTBO
*[. 1. 1. 1V year of the experimental period; NgPg — type of the mineral fertilizer and fertilizer rate in the active substance
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Bcuukn HMBa Ha TOopeHe perncrpu-
paxa W3KMYUTENHO BUCOKA MPOAYKTUB-
HOCT C gobpa n MHOro gobpa gokasaHocT
Ha pasfniMkute, HOo TopeHeTo ¢ Ng¢Pg fo-
cTurHa npesuvweHne ¢ 283,22%. BHece-
HU camocToATeNnHo a3oTHUA (Ng — Bap. 6)
n occpopeH TOop (P¢ — Bap. 8) cbLio
rnokasaxa BMCOKa MPOAYKTMBHOCT Ha
TPEBOCTOA, CbLOTBETHO CbC 185,6% wu
146,98% Hapf Ta3n Ha KOHTposiaTa.

CpefgHo 3a nepuoga Ha npoy4ysaHe
Hai-BUCOK A0CTOBEPEH ehekT BbpXy 6Mo-
fiormyHaTa npoAyKTMBHOCT Ha TPEeBOCTOSA
€ HabnogaBaH nNpu TOpeHe ¢ KOMOWHa-
umata Ng Pgs. CpegHute fobuBu Ha TO3u
BapvaHT (Bap. 2) ca 285,27 kg da™ cyxa
Maca, KOeTO Wu3pa3eHOo B MNPOLEHTU e
124,33 % Haf CTOMHOCTMTE Ha KOHTpoNa-
Ta (GD<0,1; GD<1,0). Te3n pe3synratu
KopecnoHaupar C uscnegsaHvAaTa Ha
Vuntu et al. (2015) npn kapTbJ0BO Nacu-
LLle, pas3nosioXeHO B paiioHa Ha ceBepo-
n3toyHnte Kapnartn. Bcnukn BapnaHTu Ha
NMPOMEH/INBO TOPEHe ca OTHOCUTEJSTHO MOo-
HUCKOAO06MBHY CNPSIMO BTOPATa KOHTpo1a
(Bap. 2 — K2) c exerogHo KOM6MHUPaHO
Ne¢ Ps, TOpeHe. TMoyTm uWAEHTUYHM ca
cpegHute  [obmBM  OT  TPEBOCTOA C
BHeceHU Ngl/l; Pg/ll; Pg/lll (Bap. 3) u P¢ll;
Ng/ll; Pg/lll (Bap. 8). Tyk npesBuLLEeHNETO
3a 06VB cyxa mMaca e CbOTBeTHO 27,61 n
25,63 % cnpaAMo HeTpeTnpaHnsa BapuaHT.

MNMpomeHnTe B 60OTAHWYHUSA CbCTaB
Ha TPeBOCTOA MO rPynu ca OTPaseHn Ha
durypa 1, a no BMAoBe 3a CbOTBETHUTE
rO4MHM OT ONUTHUSA Nepuog B Tabnuuu 2,
3n4,

CpefHo 3a nepuoja Ha npoy4ysaHe
NPUI0XKEHOTO MUHepaUsTHo TopeHe ¢ N un P
(Purypa 1) Ha KapTb/IOBOTO Nacuiie yse-
nMyaBa MPOLEHTHOTO yvyacTue Haii-Beue
Ha XuTHuUTe TpeBu (42,5%) n pasHo-
TpeBueTto (48,1%), a B N0 mMasika cTeneH
Ha 606o0BuTe (8,9%). W3knueHne ce
Habnwgasa camo BbB BapuaHTUTE CbC
cneumguryHo peaysallo ce B rognHuTe Ng
n Pg TOpeHe npu Bap. 5 1 6, KbAETO OTHO-
CUTENHUAT [An Ha 6060BUTE TpeBM ce
OBVXn B rpaHuumTe ot 25,43% po 21,63 %.

OcBeH u3MeHeHuATa B fAena Ha

All levels of fertilization recorded
extremely high productivity with good and
very good evidence of differences, but
fertilization with N6P6 reached an excess
of 283.22%. When the nitrogen (Ng — var.
6) and phosphorus fertilizer (Pg — var. 8)
are applied independently, they showed a
high productivity of grassland,
respectively with 185.6% and 146.98%
above that of the control.

Average for the period of study, the
highest reliable effect on the biological
productivity of grassland is observed in
fertilizing with the combination Ng Ps. The
average yields of this variant (var. 2) are
285.27 kg da™ dry matter, expressed as a
percentage of 124.33% above control
values (GD <0.1, GD <1.0). These results
correspond to the research by Vuntu et
al. (2015) on a Nardus pasture located in
the northeastern Carpathian region. All
variants of alternate fertilization have
relatively lower yields than the second
control (var. 2 — K2) with the annual
combined fertilization with Ng Pg. Almost
identical are the average yields of the
grassland with the application of Ng/l;
Pe/ll; Pgllll (var.3) and Pgl/l; Ng/ll; Pg/lll
(var.8). Here, the excess for dry matter
yield is respectively 27.61 and 25.63% in
comparison with the non-treated variant.

Changes in botanical composition
of the grassland by groups are shown in
Figure 1, and by species for the
respective years of the experimental
period in Tables 2, 3 and 4.

On the average during the survey
period, the applied mineral fertilization
with N and P (Figure 1) of Nardus pasture
increased the percentage share mostly of
grasses (42.5%) and motley grasses
(48.1%), and to a lesser extent the
legumes (8.9%). An exception is
observed only in the variants with specific
alternating fertilization with Ng and Pg in
var. 5 and 6, where the relative share of
legumes is in the range of 25.43% to
21.63%.

Besides the changes in the share
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rpynute (KUTHW, 6060BM M pPa3HOTPEBK)
ce npegmsBMKBaT M TakuBa MNpu oTgen-
HWTE BUAOBE B TPEBOCTOS.

of the groups (grasses, legumes and
motley), there are also some caused by
the different species in the grassland.

f«’“F_____——“—————h———__________L_L___‘_t_‘_‘_‘_1_1_‘_‘_‘
60

40 ==

%

20

PasHoTpesuM
BoBoem
HUTHK

W HUTHM M EoboBKM M PasHOTpPeBHM
grasses legumes motley

dur. 1. botaHnyeH cbCTaB Ha ecTecTBeH TpeBocToi oT Tmn Nardus stricta B
Ter/10BeH MNPOLEHT Mo rpynu cpegHo 3a nepuoga 2011-2013 .

Fig. 1 Botanical composition of natural grassland of Nardus stricta type, by
weight percentage in groups, average for the period 2011-2013

Moa BAMAHME Ha TOpeHeTo npes
nbpBata roguHa (Tabnuuya 2) yyacTneTto
Ha KapTbJ/l € Hal-B1COKO Npu HeTopeHarta
KoHTpona (Bap. 1) — 39,4%, a Hai-HNCKO
npy camMoOCTOATE/IHOTO TopeHe ¢ Pg —
15,6%. OT ocTtaHannTe >XUTHU BUAOBE B
TPeBOCTOSA ce 3acufBa AeNbT Ha 06UKHO-
BeHaTa nosieBuua, Koto goctura 23,3%
npu TopeHe ¢ Py (Bap. 6). B octaHanute
BapvaHTU Ha TOpPEeHe ce YCTaHOBW Mnpwu-
CbCTBMETO Ha OBYa BflacTka M annuiicka
TMMOTelika. BupoBeTe OT rpynara Ha
6060BUTE TpeBU Osixa NpeacTaBeHn OT
3Be3feN, YepBeHa ¥ nnaHnHcka netenu-
Ha, AMB (unin. CamoCTOATENIHOTO €AHO-
KpaTHo TopeHe ¢ N 4 (Bap. 5) yBesmyaBa
yyacTmeTo Ha 3Besfena fo 13,2%. lMopg
BIMSAHME HA €eXerogHoTo KOMOWHMpPaHOo
Ng Ps TOpeHe (Bap. 2) njaHuHcKata U
yepBeHa [eTesiMHM B TPEeBOCTOA [AOCTU-

Under the influence of fertilization
in the first year (Table 2), the share of
Nardus was the highest in the non-
treated control (var. 1) — 39.4% and the
lowest in the independent fertilization with
Ps — 15.6%. From the rest of the grass
species in the grassland, the share of
common bent is increased, reaching
23.3% with the application with Pg (var.
6). In the other fertilization variants were
found the presence of sheep fescue and
alpine timothy. The species of legume
group were represented by low hop
clover, red and mountain clover, wild
vetch. The independent single fertilization
with Ng (var. 5) increases the participation
of sweet clover up to 13.2%. Under the
influence of annual combined fertilization
with Ng P6 (var. 2), mountain and red
clover in the grassland reach 12.1 and
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rat 12,1 n 6,1%. lNpe3 roguHara y4ac-
TMEeTO Ha TpeTata 6uonornuHa rpyna
(pa3HoTpeBM) € Bapupalio CcrnpsMo
pas/iMyHUTE HMBA Ha TOPEHE U CE OBUXM
B rpaHuumnte ot 25,1% npu camocTosi-
TesHo TopeHe ¢ Pg (Bap. 4) oo 49,9% 3a
Bap. 8 C nNpWIOXeHO Mpe3 roguHa
CaMOCTOSITE/THO TOpeHe ¢ Pg.

6.1%. During the year, the participation of
the third biological group (motley
grasses) varies with the different
fertilization levels and ranges from 25.1%
in the independent fertilization with Pg
(var. 4) to 49.9% for var. 8 with an
application of independent fertilization
with Pg every other year.

Tabnnya 2. JomMuMHMpaHe Ha BUAOBETE Ha ecTecTBeH TpeBOCTOM oT Tmn Nardus
stricta B TernoseH npoueHT 3a 2011r. nog, BUsHUE Ha NPOMEHIMBOTO TopeHe ¢ N n P
Table 2. Domination of Nardus stricta species in natural grassland in weight
percentage for 2011 under the influence of alternate fertilization with N and P

BapuaHnTu / Variants e
— ©
< =z

o © g

32 o B R AR B

=3 . [ b o P b b

oL o z z o Q z

L © © o o o o b
Bugose / Species i é z g f, % UZ, % E %

XKuTtHu TpeBu / Grasses
Nardus stricta 394 | 27,3 | 18,2 | 33,3 | 18,4 | 10,0 | 20,8 | 156
Agrostis capillaris 9,1 | 25,0 | 16,7 23,3
Phleum alpinum 15,2 8,3 5,3 6,3
Festuca ovina 121 | 6,1 8,3 5,3 3,3 4.2 3,1
Festuca rubra 3,3
Agrostis alba 15,9 9,4
Chrysopogon gryllus 8,3

Bo6oBu Tpesu / Legumes
Lotus corniculatus 30 | 23 13,2 6,3
Trifolium montanum 12,1 8,3 10,0 9,4
Trifolium campestre 13,2 | 13,3
Trifolium pratense 6,1
Vicia sativa 4,2
PasHoTpeswu / Motley grasses

PasHotpesw / Motley grasses| 30,3 | 39,3 | 38,6 | 25,1 | 44,6 | 36,8 | 62,5 | 49,9

M3meHeHneTo Ha BUOOBUS CbCTas
noj BAUSHWE Ha NPOMEH/IMBOTO TOpPEHe
npes BTOpaTa roguHa e npeacraBeHo Ha
Tab6nmuya 3. YyacTMeTo Ha AOMUHMpaLms
BU, KapTb/l Hamassasa npuv pasnuyHuTe
BapvaHTW Ha TOpeHe 1 e B rpaHuuuTe ot
8,3% npu camoCTOATE/IHO efHOKpaTHO
TopeHe ¢ Pg (Bap. 7) cpewy 20,6% npwu
HeTpeTupaHaTa KoHTposia (Bap. 1). Mosu-
lwaBa ce AenbT Ha ApYrn XUTHU BUAOBE,

KaTto: 06MKHOBEHa nonesunua, asnnuiicka

The variation of the species
composition under the influence of
alternate fertilization in the second year is
presented in Table 3. The share of the
dominant species of Nardus decreases in
the different fertilization variants and
ranges from 8.3% in the single
fertilization with Pg (var. 7) versus 20.6%
in the non-treated control (var. 1). The
share of other grasses, such as: common
bent, alpine timothy, white bentgrass,
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TUMOTEliKa, 65ina noneevua, oBYa Bna-
caTka, KOUTO ca C MNo-BMCOKa (oypaxHa
CTOMHOCT cnpsmo kapTtbna (ToTteB 1972;
AxkmmoBa 1974). BMCOK NPOLEHT Ha y4yac-
Te OT exoBa rnaeuvua (27,3%) ce ycta-
HOBW MpPW CaMOCTOSITE/IHO TOpeHe C Pg
(Bap. 3). MNpes rogMHata npegcTaBuTeNn-
Te OT rpynata Ha 6060BWTE TpeBM ca
MaUsiko. OcHoBHaTa 4acT (4,8%) oT Tax e
yepBeHaTa JeTesiMHa MNpU BapuaHta C
eXerogHo koM6uHMpaHo Ng Ps TOpeHe (Bap.
2). BHeceHuTe MVHepasHM TOPOBE 4pes3
pegyBaHe M B KOMOMHauusi BUAMMO 3a-
cuneart AenbT Ha pasHoTpesBute ot 36% 3a
HeTopeHus BapuaHT (Bap. 1 K) go 45,8%
npy camocTOosATEsTHO BHeceHus Pg ( Bap.7).

Tabnuua 3. JoMUHMpaHe Ha BUOOBETe

sheep fescue, which have a higher fodder
value than Nardus (Totev 1972;
Yakimova 1974), is increasing. A high
share of participation of cock's foot
(27.3%) was found in single fertilization
with Pg (var. 3). During that year the
representatives of the group of legumes
are few. The main part (4.8%) of them is
red clover in the variant with annual
combined fertilization with Ng Pg (var. 2).
The applied mineral fertilizers through
alternation and in combination, visibly
increase the share of motley grasses
from 36% for the non-treated variant (var.
1 K) to 45.8% for the single application of
Pg (var.7).

Ha ecTecTBeH TpeBocToii oT Tun Nardus

stricta B Ter/ioBeH NpoueHT 3a 2012r. noa BNvsiHME Ha NPOMEH/IMBOTO TopeHe ¢ N mn P
Table 3. Domination of Nardus stricta species in natural grassland in weight
percentage for 2012 under the influence of alternate fertilization with N and P

BapuaHTn / Variants ©
g %
< =
[elk o] g
3o e 2 g f F o«
2 . b b b b b A
°g & o 2 F o o =
Bugose / Species L5 2 g z o z o z o
—Z = (o] < T} © ™~ ©
XXuTtHu Tpesun / Grasses
Nardus stricta 20,6 | 23,8 | 18,2 10,0 | 125 | 8,3 | 12,0
IAgrostis capillaris 15,5 40,0 | 10,0 | 20,8 | 16,7 | 12,0
Phleum alpinum 4.8 5,0 8,3
Festuca ovina 258 | 95 | 91 | 10,0 | 350 | 4,2 | 125 | 8,0
Dactylis glomerata 27,3 16,0
Festuca rubra 45
Agrostis alba 14,3 16,7 | 12,5
Chrysopogon gryllus 12,0
Lolium multiflorim 45 4,0
Bo6osu Tpesn / Legumes
Trifolium montanum 2,1 5,0
Trifolium campestre 2.0
Trifolium pratense 4,8 3,0

Pa3HoTpesu / Motley grasses

PasHoTpesu / Motley grasses | 36,0 | 42,8 | 36,4 | 45,0 | 35,0 | 45,8 | 41,7 | 36,0

Mpe3 3-Ta onuTHa roguHa (Ta6nuuya
4) yyacTMeTo Ha KapTb/ila € CBefleHO .0

In the 3rd experimental year (Table
4) the share of Nardus is reduced to

eANHNYHK pacTeHusa. HeroBoto MACTO ce | single plants. Its place is occupied by
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3aeMa OT ApYrM XWTHW BUAOBE, KaTo
06VKHOBEHA MOMEBULIA, €XO0Ba r1aBumLa,
yepBeHa BflacaTka, KOETO MOTBbpXAaBa
npoyyeHoto oOT Totev (1984). [MMpu
€[HOKpaTHO CaMOCTOATEsTHO TopeHe ¢ Ng
(Bap. 4, 6 U 7) goOMMHMpaT crnegHuTe
XWTHW BUAOBE: OOWMKHOBEHA NOMEBMUA,
paiirpac, snvMBagHa TMMOTEWNKa, exoBa
rnaevua, rpebeHecta TpeBa, uYepBeHa
Bnacarka, a/inuniicka TMMoTeika.

other grass species, such as common
bent, cock's foot, red fescue, which
confirms the study of Totev (1984). In the
case of single fertilization with Ng (var. 4,
6 and 7) the following grass species are
dominant: common bent, perennial
ryegrass, timothy-grass, cock's foot,
Cynosurus cristatus L., red fescue, alpine
timothy.

Tabnuua 4. JoMmyHMpaHe Ha BMAOBeTe Ha ecTecTBeH TpeBocTol oT Tmn Nardus
stricta B TersioBeH npoueHT 3a 2013r. noA BAnsHUE Ha NPoOMeHNMBOTO TopeHe ¢ N P
Table 4. Domination of Nardus stricta species in natural grassland in weight
percentage for 2013 under the influence of alternate fertilization with N and P

BapwuaHTn / Variants = n:
€ z
° b
58 2| ¢ 2 ¢ 2 2 ¢
°E & o 2z o a <
_ sl 28 2 o Z o Z <
Buaose / Species AR o~ = 0 © ~ o
XXuTtHu Tpesun \ Grasses
Nardus stricta
Agrostis capillaris 251 |10,7 | 243 | 415|112 | 76 | 219|114
Phleum alpinum 0,8 25 | 16
Dactylis glomerata 0,8 0,8 1,3 | 6,3
Festuca rubra 21 | 16 | 4,0 47 | 13
Cynosurus cristatus 6,1 31
Bo6oBu Tpesu / Legumes
Lotus corniculatus 1,0 | 2,0
Trifolium campestre 1,9
Trifolium pratense 1,2 449 | 416 | 1,6
Lolium multiflorim 0,8 13 | 31

PasHoTpeswu / Motley grasses

PasHoTpesu / Motley grasses| 71,1 | 84,8

| 60,8 | 58,5 | 43,9 | 45,7 | 57,7 | 87,3

MopobeH eekT OoT MUHEpPasHOTO
TOpeHe BbpXy 60TaHWYHMA CbCTaB MNpu
KapTb/I0BM Macuwia e nosiydeH u npu
peamua uyxan wuscnegosatenn (Tenz,
2009; Bou et.al, 2009; Constantinescu,
2013; Marusca, 2014; Vintu, 2015). Ot
6060BNTE TPEBW CE€ YCTaHOBW 3HauUTe-
NeH AN Ha YepBeHa getenvHa npu doc-
doopHOTO TOpeHe (Bap. 5). Toit gocTtura
44,9% o1 nonesHute 6060BU pacTeHus.
[AN0BOTO y4yacTvMe Ha MOCOYeHus Bufg e

BMCOKO W Nnpun BapuaHTa C MNpPUI0XKEHO

A similar effect of mineral
fertilization on botanical composition in
Nardus pastures has also been observed
in a number of foreign researchers (Tenz,
2009; Bou et.al, 2009; Constantinescu,
2013; Marusca, 2014; Vintu, 2015). A
considerable share of red clover in
phosphorous fertilization (var. 5) is found
in legumes. It reaches 44.9% of the
useful leguminous plants. The share
participation of that species is also high in
the variant with single nitrogen
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npes roguHara CamoCTOATENIHO a30THO
TopeHe (Bap. 6), kaTo Npe3 npeaxogHata
2012r., cbobpa3Ho cxemarta Ha peayBaHe
Ha TopoBeTe e [MpunoXeH no-6aBHO
pasrpaxgawma ce dgocdgopeH Top (Pe).
Tosa [0Ka3Ba, Ye peflyBaHeTO Ha a3oTHU
1 pocopHM TOpPOBE NPU rOPENOCOYEHN-
Te HOpPMU B/IMsie NPSKO BbPXY TPEBOCTOS,
KaTto yBenuyaBa OTHOCUTENHUSA OAN Ha
6060BMTE pacTeHns, a OT Tam U CbabpXa-
HVMEeTO Ha cypoB NpoTeuH. MNof BAMSHME Ha
TOpPEeHeTo AOMUHMpaLLM 0T 6060BUTE TPEBU
ca uepBeHaTa pfeTeNMHa U 3BE34aHbT,
KOUTO Ca Hai-BMCOKOKaYeCcTBeHWUTe 1 ajan-
TupaHu 6060BM KOMMNOHEHTU Ha CEHOKOCHU-
Te ¥ naculiHW TPEBOCTOM B paiioHa Ha
LleHTpanHa CesepHa bbarapusa (Totev,
1984; Naydenova and Mitev, 2015). Mpwuno-
XEHO npe3 TpeTata rogvHa, MUHEepasHOTO
TOpeHe MoBULIABa 3HAYMTESIHO Y4YacTueTo
Ha pasHoTpeBuTe. [enbT MM Bapupa oT
43,9% (Bap. 5) po 87,3% (Bap.8).

N3BOAN

BkiloueHnTe B ekcneprvMeHTa Mu-
HepasTH1 TOpOBE MOBMLIABAT AOCTOBEPHO
[o6MBMTE MpU TPEBOCTON OT MacuLLeH
Tvn Nardus stricta B paiioHa Ha CpegHa
Crapa nnaHvHa. Haii-Bucoka npoaykTvBe-
HOCT Mokasaxa TPEBOCTOMTE TOPEHU C
NePe/l, NBPG/“, NePe/“l n c Pe/l, Pe/“,
Ng/lll, Kato npeBULIEHNETO € CbC
124,33% wn 85,37%. Npu NnoYBEHO-KINMa-
TUYHMTE YC/IOBUS HA ONMUTa E€XEerogHoTo
KOMOWHMPAHO TOpeHe ¢ a3oT U dhocdop
JonpuHacsa 3a Mo Mb/IHO YCBOSIBaHeE Ha
XpaHuTesIHMTE BELLECTBa, B pe3ynrtaT Ha
KOeTo 1 f06MBUTE Ca Hali-BUCOKMN.

CbueTaBaHeTO Ha pegysalim ce
npe3 rogvMHUTE BMAOBE W KOMMYeCcTBa
MaKkpOTOpOBe, C ONTUMaJIHWTE 3a paioHa
BnaroobesneveHve 1 Temnepatypu
JoBefe [0 noJjlyyaBaHe Ha  BMUCOKa
NPOAYKTUBHOCT OT TPeBOCTOUTE.

BAnsHneto Ha  NPOMEHNNBOTO
MUHEpPasIHO TOpeHe KOMOUHMPaHO U1 upes
pefyBaHe Npegu3BMKBaA CU/IHU U3MEHEe-
HUS B 6OTaHM4YecKknsi CbCTaB Ha TPEBO-
CTOS. YBenuyaBa Ce OCHOBHO [e/bT Ha
XWUTHUTE MHOTOroAuLWHN BUAOBE U pasHo-

fertilization (var. 6) applied during the
year, as in the previous year 2012,
according to the fertilization scheme, the
slower dissolving phosphorous fertilizer
(Ps) was applied. This proves that the
alternation of nitrogen and phosphorous
fertilizers at the above-mentioned norms
directly affects the grassland, as it
increases the relative share of legumes
and hence the crude protein content. Red
clover and bird’s-foot trefoil are dominant
legume species under the influence of the
fertilizing, as they are the most quality
and adapted legume components of
haymaking and pasture grasslands in the
region of the Central Northern Bulgaria
(Totev, 1984; Naydenova and Mitev, 2015).
The mineral fertilization that is applied in the
third year significantly increases the share
of motley grasses. Their share ranges from
43.9% (var. 5) to 87.3% (var. 8).

CONCLUSIONS

The mineral fertilizers included in
the experiment increased reliably the
yields of grassland of pasture type of
Nardus stricta in the region of the Central
Balkan Mountain. The highest productivity
was shown by grasslands fertilized by
NePe/l, NBPG/“, NePe/“l and Pe/l, P6/||; Ne/“l,
as the excess was 124.33% and 85.37%.
Under the soil and climate conditions of
the experiment, the annual combined
fertilization with nitrogen and phosphorus
contributed to the full absorption of
nutrients, resulting in the highest yields.

The combination of alternating
types and quantities of macro fertilizers,
with the optimum moisture for the region
and temperature led to high productivity of
grasslands.

The influence of alternating mineral
fertilization combined and by alternation
causes strong changes in the botanical
composition of grass. The share of
perennial grass species and motley
grasses has increased. The dominant
grass species of Nardus StrictaL. was
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Tpesute. OT XWUTHUTE TPEBW AOMUHMPA-
wuat Bua Nardus stricta L. ce namecrtea
OT NO-NOJIE3HUTE XUTHWN BUAOBE, KOUTO ca
XapakTepHu 3a MNO-HUCKUTE U BNaXHU
MecTa B MOAHOXMETO Ha naHuHcKara
Bepura, karo: Agrostis capillaris, Festuca
rubra, Agrostis alba. YBennyasa ce npu-
cbecTBMETO Ha Festuca ovina u Phleum
alpinum. MNopg, BANSIHME Ha MPOMEH/INBOTO
TOpEHe B HAKOW OT BapuaHTUTe ce NoBu-
lwaBa yyacTneto Ha 6060BUA KOMMNOHEHT
B TpeBOCTOS. Ta3n B3avMOBpPb3Ka € Haii-
CUMHO uM3pa3eHa npes Tpetara rofuHa.
CamoCTOAATENIHOTO e[HOKPAaTHO TOpeHe
npe3 l-sata un 2-pata rognHa ¢ Ng, a
TpetaTa ¢ Pg (Bap.5) u camocTosAiTesnIHO C
Pe npe3 1-eata n 2-pata rogvHa, a
TpeTaTa ¢ Ng (Bap. 6) AensT Ha 6060BUTE
Bugose ce yesenuyasa o1 25,43% po
21,63% cpefHO 3a nepuoja Ha npoy4ysaHe.
Mpe3 rognHuTe oOT 6060BUTE  TPEBU
AOMUHMpawm npegctasutenn ca: Trifolium
pretense L., Trifolium campestre L. wn
Trifolium montanum L.

displaced by more useful grass species,
which are characteristic for lower and
more humid places at foot of the mountain
range, such as: Agrostis capillaris,
Festuca rubra, Agrostis alba The
presence of Festuca ovina and Phleum
alpinum is increasing. Under the influence
of alternate fertilization in some of the
variants the participation of the legume
component in the grassland is increased.
This relationship is most pronounced in
the third year. Under the independent
single fertilization in the 1st and 2nd year
with Ng and the third year with Pg (var. 5)
and independently with Pg in the 1st and
2nd year and the third with Ng (var. 6) the
share of legume species increased from
25.43% to 21.63% on average over the
survey period. The dominant
representatives of legume species over
the years have been: Trifolium pretense
L., Trifolium campestre L. and Trifolium
montanum L.
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PE3IOME

C uen ga ce yctaHOBAT OCHOBHUTE
KOMMOHEHTU Ha NPOAYKTUBHOCTTA W BNUA-
HMETO Ha cpegaTa Bbpxy TSAX € u3creg-
BaH obpasel, oT Buaa Triticum xtoschevii
npe3 TpU KOHTPAcTHM nepuoga. MHoro
CWIHO BNUSIHME Ha cpejaTa e ycTaHoBe-
HO NpW NokasartenmTe Gpoi 3bpHa B Kiac
1 maca Ha 1000 3bpHa. Bucoko e un Bnus-
HMETO BbPXy Nnokasarennte 6poi knacue-
Ta B K/1ac U Ab/DKMHA Ha Knaca, KoeTo ce
CBbp3Ba C rofleMmmnTe pasnuumsa Ha meTeo-
ponormyHmute napameTpu. CbOTBETHO
BUABLT NOKa3Ba nnca Ha Bb3AencTBme Ha
cpepaTa Bbpxy nokasaTesnsi maca Ha 3bp-
HaTa B k/1ac. ToBa nogyepraBa CEpPUO3HU-
T€ KOMMEHCAUMOHHN MeXaHW3MM, KOUTO
cblllecTByBaT nNpu 103K 0bpasel. AHanu-
3bT Ha KOBapuMaHCcuTe MoKasBa, 4Ye BbpXy
BapuMpaHeTo Ha MnokasaTens Maca Ha
3bpHaTa B K1ac CEepUo3HO B/MSHME OKas-
BaT 6pos Ha 3bpHaTa B knac, macata Ha
1000 3bpHa M pb/mkMHaTa Ha knaca C
ocunute. Tesn faHHWM Mokasear, 4ye npwu
B/IOLLIEHN YyCMoBUA 3a opmupaHe Ha
3bpHa M NocneaBalloTo UM M3XpaHBaHe,
CEPUO3HO B/IUSIHMNE KaTO KOMMEHCaLNOHEH
MEXaHM3bM  MMa  DOTOCUHTETUYHMAT
anapaT Ha knaca. Mogo6Hu xapakrtepuc-
TVKN onpeaensaTt Buga Triticum xtoschevii
KaTo W3K/UYUTETHO LIEHEH W MOAXOAALL

SUMMARY

In order to determine the main
productivity components and the effect of
the environment on them, an accession of
the species Triticum xtoschevii was
investigated during three contrasting
periods. A very high environmental effect
was determined for the indices number of
grains per spike and 1000 kernel weight.
High was also the effect on the indices
number of spikelets per spike and spike
length, which can be related to the high
variations of the meteorological parameters.
The species respectively showed that the
environment did not have effect on the
index weight of grains per spike. This
emphasized the serious compensatory
mechanisms existent in this accession. The
analysis of covariances revealed that the
variation of the index weight of grains per
spike was strongly influenced by the
number of grain per spike, 1000 kernel
weight and the length of spike with awns.
These data demonstrated that under
worsened conditions for formation of
grains and their subsequent nutrition, the
photosynthetic apparatus of the spike had
a significant effect as a compensatory
mechanism. Such characteristics define
the species Triticum xtoschevii as
extremely valuable and suitable for
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3a BbBEXJaHe KaTo Ky/ITYpHO pacTeHue.
Kntouosu OyMu: Triticum
xtoschevii, NPooYKTUBHOCT, cpefa

yBO/[,

EOvH OT Hall-BaXHWTE mokasaTtenu,
KOMTO MMaT 3Ha4yeHue 3a CbBPEMEHHOTO
3emefesicko Npou3BOACTBO € [AO06UBBT,
KOWTO KYNTYpHUTE pacTeHus peanunsvpar
(Chahal and Gossal, 2000; Stoyanov and
Baychev, 2016a). Pa3bupaHeTo Ha Hero-
BaTa CbLLHOCT € OT U3KNHYMTESHO 3HaYe-
HUWe, Tbii KaTo Bb3 OCHOBA Ha Noaobpsiea-
HETO Ha HEeroBUTE KOMMOHEHTU Ce yBe/u-
yaBa M HeroBata abconlTHA BeNMYUHA
(Chahal and Gossal, 2000). Bceku Buf
KyNTypHO pacTeHne ce XapakTepuaupa
CbC CBOSI CTPYKTypa M KOMMOHEHTW Ha
cBosi gobuB. lMopagn Tasn npuyMHa He
ChblUecTByBa YHUULMPAH CenekuMOHEH
noaxof, 3a yBesnmyaBaHeTo My. Tbil kaTto
BCEKN eAnH OT KOMNOHEHTUTE Ce XapakTe-
pusMpa CcbC CBOS (PU3MONOrMYHA Cbll-
HOCT, NoaobpsiBaHETO My U3WCKBaA AeTail-
IHO npoyuyBaHe. Mopagy Tasm npuynHa ot
CbLLECTBEHO 3HAYEHWE B CbBpEMEHHaTa
Ce/leKUMOHHa MpakTuka € [Jo6uBBLT Aa
6bae n3yvyaBaH M3KIUNTETHO NOAPOGHO,
3a ga MOXe fAa ce OTrOBOpM Ha AuHa-
MUYHaTa NPOAyKTOBa MOAWTUKA B 3eme-
Oenckoto npousBoacTeo (Stoyanov and
Baychev, 2016a; Mihova et al., 2017).

OTpaneveHatra xubpugusauums e
€[ MH OT B&XHUTE MHCTPYMEHTU Ha Kiacu-
yeckara cenekuus, KOWTo faBa Bb3MOX-
HOCT KakTo 3a nogo6psiBaHe Ha KynTypHUTe
pacTeHusi, Taka 1 3a Cb3JaBaHETO Ha HOBM
pacTuTenHn Bugose U chopmu (Stoyanov,
2013). MNMpy 3bPHEHO-XUTHUTE KYNTYpU ca
cb3fafeHu ronsm 6poit amcmamnionamn B
pesyntaT Ha oTdasiedeHa xmbpuansauus,
KOWTO Ce OT/INYaBaT C U3KHOUNTENHO LEHHN
KayecTBa — BMCOK NPOAYKTVMBEH MOTeHuuarn,
YCTOANYMBOCT Ha abuoTMyeH u 6uoTU4eH
CTpec, BWCOKM KauyeCTBEHM nokasaTenu
(Spetsov et al., 2008; Spetsov et al., 2009;
Stoyanov et al., 2010; Ksiazczyk et al.,
2011; Mico et al., 2013; Stoyanov, 2012;
Stoyanov, 2013; Stoyanov, 2015¢;
Stoyanov, 2015d). Bbnpekn, ye npu Te3u

introduction as a cultural plant.
Key words: Triticum xtoschevii,
environment, productivity

INTRODUCTION

One of the indices with highest
importance for contemporary agriculture is
the yield which the cultural plants realize
(Chahal and Gossal, 2000; Stoyanov and
Baychev, 2016a).

The understanding of its essence is
crucial since the improvement of its
components enhances its absolute value
(Chahal and Gossal, 2000). Each species
of cultural plants has specific structure
and components of yield.

This is the reason why there is no unified
breeding approach for increasing the
yield. Since each component has its own
physiological peculiarity, its improvement
requires detailed study.

Therefore it is highly significant in
contemporary breeding practice to
investigate yield in minute details to meet
the demands of the dynamic product
policy of agricultural production (Stoyanov
and Baychev, 2016a; Mihova et al., 2017).

Wide hybridization is one of the
most important tools of conventional
breeding which allows both improving the
cultural plants and developing new plant
species and forms (Stoyanov, 2013). A
large number of amphidiploids have been
developed in cereals as a result from
distant  hybridization; they possess
properties which are highly valuable —
high production potential, resistance to
biotic and abiotic stress, high quality
indices (Spetsov et al., 2008; Spetsov et
al., 2009; Stoyanov et al, 2010;
Ksiazczyk et al., 2011; Mico et al., 2013;
Stoyanov, 2012; Stoyanov, 2013;
Stoyanov, 2015c; Stoyanov, 2015d).

Although some indices of these forms
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chopmu ca NpoyyeHn HAKOU nokasaTesnu, ae-
Tali/IHN XapakTepucTu 3a TEeXHWUTE KOMIMO-
HEeHTW Ha fobusa 6GyBaT cbobLLaBaHN cpas-
HUTENTHO psfKo. V3koueHne npaBaT eauH-
CTBEHO TpUTMKane 1 TpUTOpAeyM, Thbid KaTo
TAXHOTO pasnNpPOCTPaHEeHWe KaTo KyITypHU
pacTeHuss e cpaBHUTENIHO BUCOKO (Atienza
et al., 2000; Ballesteros et al., 2005; Martin
et al., 1996; Stoyanov and Baychev, 2015;
Stoyanov and Baychev, 2016b). lonam
6poil  OT wu3cnepBaHuATa BbBPXY Apyru
amcuamnaonaHn opMm ce KoHUeHTpupat
OCHOBHO BbpXy nokasatenu kacaely npo-
TEVHOBO CbAbpXaHue, yCTOMUMBOCT Ha pas-
NIMYHW BUAOBE NaToreHu, KpbCTOCBAEMOCT C
KyNTypHu Bugose (Stoyanov, 2013). Nopaaun
Tasu npuynHa ronsam 6poi amdunannionaHn
cdhopmy ocTaBaT Hefobpe MpoyyeHn KaTo
NoTeHUManHo NOAXOAALIM 3a BbBeXJaHeTo
UM KaTo KyNTYpHU pacTeHus.

BugwbT Triticum xtoschevii e amcunam-
nnoua, ¢ Npousxoq OT KpbCTockata Mexay
Bugosete Triticum turanicum wun Triticum
timopheevii. Amdumanniongbt € cbobLyeH
3a NbpBU NMbT OT Spetsov and Savov (1992),
a TaKCOHOMWYHO OMnMcaH U KiacuduumpaH
Kato oTtgeneH Bug ot Stoyanov (2014). Bu-
ObT e XekcannougaeH B pe3yntaT Ha pefy-
uypaHe Ha MbpBOHAYA/THUSA XPOMO30OMEH
6poi. KnacoseTe He ynogob6ssaTt Mopddosio-
TMUYHO HUTO eAVH OT ABaTa POAUTENICKM KOM-
MOHEeHTa, KaTto B NO-rofsiMa cTeneH ce [o6-
nmxaBa Ao Mopdosiorsta Ha TpuTUKane.
OTnmyaBa ce C ronsiMa BUCOYMHA Ha pacTe-
HUATa, Nopajan KOeTo Npv HebnaronpusiTHK
METeOopOsIorMYHN YCOBKSA, MOXe Aa noser-
He. PeructpupaHa e ycTOWYMBOCT CNpsiMO
natoreHuTe Ha 6pallHecTata maHa, kads-
BaTa pbXAA W paHHMS JIMCTEH Mpurop
(Stoyanov, 2015c). Knacosete ca pfobpe
03bpPHEHU C N0 2-3 fo6pe pa3BuTU 3bpHa B
Knacue, Nof06HO Ha 3bPHOTO OT TPUTUKASIE.

Mogo6Hn amdmaunaongHn gopmu,
Makap f[a Ce xapakrtepusupar C BUCOK
[o6uMBeH NoTeHumarn, ce oTanyasaT c pas-
HoobpasHa CTpyKTypa Ha [o6uBa, KOATO
MOXe fa ce Habnwogasa B pamMkuTe Ha
camusa amdwmgunnong (Stoyanov, 2015b;
2015c; 2015d). ToBa ce cBbp3Ba C onpe-
JeneHa cTeneH Ha HecTabunHOCT K ak-
TMBHO NpoTuyalyn npoLecu Ha pekomou-
Hauusa. W3cneaBaHuss BBLPXY pas/iMyHu

have been investigated, detailed reports
on their components of vyield are
comparatively rare. The only exceptions
are triticale and tritordeum due to their
comparatively high distribution as cultural
plants (Atienza et al., 2000; Ballesteros et
al., 2005; Martin et al., 1996; Stoyanov
and Baychev, 2015; Stoyanov and
Baychev, 2016b). A large number of the
investigations on other amphiploid forms
are focused mainly on the indices related
to protein content, resistance to different
types of pathogens, crossability to other

cultural  species (Stoyanov, 2013).
Therefore a large number of
amphidiploids remain insufficiently

investigated as potentially suitable forms
for introduction as cultural plants.

The species Triticum xtoschevii is an
amphidiploid with origin from the cross
between the species Triticum turanicum and
Triticum timopheevii. This amphidiploid was
first reported by Spetsov and Savov (1992),
and was taxonomically described and
classified as a separate species by
Stoyanov (2014). The species is hexaploid
as a result from reduction of the initial
chromosome number. The spikes do not
have morphological resemblance to neither
of the two parental components and to a
large degree approximate the morphology of
triticale. The plants from this species are
very high and are therefore prone to lodging
under unfavorable meteorological
conditions. They are not attacked by
diseases; resistance has been determined
to the pathogens of powdery mildew, brown
rust, and Septoria leaf blight (Stoyanov,
2015c). The spikes are with good number of
grains, with 2-3 well-developed grains per
spikelet, similar to the grain of triticale.

Such amphidiploid forms, although
characterized with high yield potential,
have variable structure of yield that can
be observed within the amphidiploid itself.
This is related to a certain degree of
instability and active processes of
recombination. Investigations on the
amphidiploid forms (Stoyanov, 2015b;
2015c; 2015d). have shown the
occurrence of such processes. The
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amcmamniongim  copmm  (Stoyanov,
2012) nokasBaT nofo6Hu npouecu. BugbT
Triticum toschevii o6ave, ce oT/iMyaBa C
MHOro BMCOKa CTabunHOCT. 3a ToBa cBuge-
TefncTear npegullHM U3cneaBaHus BbpXY
Hero, Npu KOUTO € aHa/M3npaHa HeroeaTta
NPOAYKTUBHOCT CNpsiMO 0OMKHOBEHATa 3UM-
Ha nweHnya (Stoyanov, 2015c). MNogo6Hu
JaHHW Hanarat HeobxoaMmocCTTa, BUABT da
6bae No-nofApo6HO M3yyeH MO OTHOLLEHUE
Ha CTpykTypaTa Ha Herosus Aobus. B ToBa
OTHOLLEHME OT 0COBEHO 3HayeHue e aa ce
usyyaT B AeTalinn OHE3N KOMMOHEHTU Ha
[06VBa, KOUTO B/IMSAT BbPXY (hOPMMPAHETO
Ha apyrn. ToBa faBa Bb3MOXHOCT Ja ce
OLeHN NpaBWIHO B/IMSIHUMETO Ha cpejarta
BbpXY CTPyKTyparta Ha Jobusa u ga ce pas-
paboTu edheKTMBHA CeNeKUMOHHA cTpaTerms
C LieN yCbBbPLUEHCTBaHE Ha amduannionaa.

Llenta Ha HacTosLLeTo nscneasaHe e
[Ja ce aHanuMaupart no csoute Mopdonorny-
HV KNnacoBu napameTpu, o6pasuy oT Buaa
Triticum xtoschevii, B pa3nuuHm roguHn, ga
ce yCTaHOBMW BMSHUETO Ha chakTtopa rogu-
Ha BbpXY BCEKU MapameTbp M fa Ce OLEHU
chopmypaHeTo Ha knacoBara npoAyKT1BHOCT.

MATEPWNAN N METO4WA

M3non3gaH e o6pasey oOT Buaa
nweHuya Triticum xtoschevii, ¢ nponsxos
OT KonekumaTa Ha [JobpymKaHucku 3eme-
[encKU MHCTUTYT - MeHepan Toweso. Mo
15 6pos cemeHa ca 3acsiBaHU B pefose
no cxema c mexaypenue 30 cm u BbTpe-
pegue 5 cm. Ceutbata e u3BbpLIEHA
npes cronaHckute 2012/2013, 2013/2014
n 2014/2015 cvoTtBeTHO Ha 11.11.2012,
06.11.2013 wn 12.11.2014, npu MOJCKK
ycnosuss B 3emnuuieto Ha c. Croxep,
06n. [lobpwnu.

PekontupaHeTo e M3BBLPLLUEHO BLB
(hasa NbaHa 3PpANOCT Npes3 CTonaHckuTe
2012/2013p 2013/2014 wn 2014/2015
CcboTBETHO Ha 20.07.2013, 16.07.2014 n
16.07.2015. Ha cniydyaeH npvHUuUn ca nog-
6upaHn no 20 HanNb/HO 3penn Knacose,
6e3 Hanmume Ha nopaxeHue 6onectn u
HenpuaTenu.

HanpaBeHa e  mopdoniornyHa
OLUeHKa Ha k1acoBeTe OT BCeku obpasel
Nno 6 KO/MYECTBEHU: Ob/DKUHA Ha Kiaca

species Triticum toschevii, however,
possesses very high stability. Previous
investigation on it provide evidence for
this; in these investigations its productivity
is analyzed against the productivity of
common winter wheat (Stoyanov, 2015c).

Such data impose the necessity to study
the species in greater detail with regard to
its yield structure. In this respect, it is
especially important to investigate
thoroughly those components of vyield,
which influence the formation of others.
This allows the proper evaluation of the
effect of the environment on the structure
of yield and the development of an
efficient breeding strategy aimed at
improving the amphidiploid.

The aim of this investigation was to
analyze accessions from species
Triticumxtoschevii for their spike
morphology parameters in different years, to
determine the effect of the factor year on
each parameter and to evaluate the
formation of the spike productivity.

MATERIAL AND METHODS

An accession from the wheat
species Triticum xtoschevii with origin
from the collection of Dobrudzha
Agricultural Institute — General Toshevo
was used. Fifteen seeds were sown in
each row, with 30 cm between the rows
and 5 cm between the seeds in the row.
Planting was done in economic years
2012/2013, 2013/2014 and 2014/2015, on
11.11.2012, 06.11.2013 and 12.11.2014,
respectively, in the fields near Stozher
village, Dobrich district.

Harvesting was carried out at stage
full maturity during economic years
2012/2013, 2013/2014 and 2014/2015, on
20.07.2013, 16.07.2014 and 16.07.2015,
respectively. Twenty completely ripe
spikes without visible damage from
diseases and pests were selected
randomly.

Morphological evaluation of the
spikes from each accession was carried
out according to 6 qualitative traits: length
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(OK), abmkuHa Ha knaca ¢ ocunu (KO),
Maca Ha knaca (MK), 6poli knacuyeta B
knac (BbKK), maca Ha 3bpHaTa B kiac
(M3K), 6poii 3bpHa B knac (b3K) m 5
WHOEKCHN nokasaTens: WMHAEKC Ha ocu-
nectocT (N0O) — oTHoweHne mexay AKO un
[K, pa3snpegeneHve Ha macarta Ha knaca
no abmkuHa (PMAK) — oTHoLeHne mexay
MK n [K, 6poii knacyeta no Ab/hkKnHa
(BKOK) — oTHoweHne mexay BKK un [K,
cpegHa mMaca Ha knacye (CMK), —
otHoweHune Ha MK n BKK, maca Ha 1000
3bpHa (M1000) — onpeaenexu no 6A4C.

3a HeyTpanusmpaHe Ha BAUSAHNETO
Ha hbakTopa ,roauHa’, ¢ uen ycTaHoBsiBa-
He Ha OWOMETPUYHW 3aBUCUMOCTU B
amdmamnionga e n3uncrieH cneynuyeH
WHAOEKC 3a e/IMMUHUPaHe B/VAHWETO Ha
roguHata (CVBIN) — npon3BeneHne mexay
oTHoweHneTo Ha M3K n B3K ¢ K. CUBI
Ce OCHOBaBa Ha xunoTtesaTta, 4e Mnokasa-
Tenute M3K, B3K u OK ce HamwupaT B
onpefenieHo 6MOIOTMYHO  paBHOBECUE
Hes3aBNCMMO OT YC/oBUATA Ha cpepjarta
(Stoyanov, 2015a).

O606LieHN ca AaHHM 3a cpefHo-
OHEBHWUTE Temnepatypy B nepuoauTe
01.10.2012 - 30.06.2013, 01.10.2013 -
30.06.2014 1 01.10.2014 — 30.06.2015, u
3a cymara Ha Ba/iexute B CblyuTe
nepuogn. JaHHuTe 3a TemnepaTyparta u
Ba/IEXMUTE Ca MOJTy4EHN YPE3 N3MEPBAHUS
C aBTOMartmyHa MEeTeoposIorMyHa cTaHLms
LaCrosse. WM3mepBaHuATa ca MnpasBeHn
gsa nbTu agHeBHo B 07:00 n 19:00 yaca.
[aHHunTe ca ocpegHsBaHW B ABa nepuoja
(BeretatmBeH — 01.10 - 31.03 wu
penpoayktneeH — 01.04 — 30.06) n o61L0.

MonyyeHnTe gaHHM ca OCpefHEeHU
(CC), kato e 0oT4YeTEH BapuaLMOHEH Koe-
gouumeHT (BK, %) obLio 1 no rogmHun. N3-
BELEH € ANCMEePCUOHEH aHa/n3, 3a OT4YU-
TaHe Ha BMIMSHMETO Ha roguHarta u reHo-
TMna Bbpxy amdmgunnonga. OTyeTeHa e
[OCTOBEPHOCTTA Ha MoJlyvyeHnTe pesysi-
TatTn. C uen yctaHoBsiBaHe Ha onpegene-
HW 3aBUCUMOCTWN MEeXAy nokasaTenute Ha
Knacosata NPOAYKTUMBHOCT € npoBeneH
KOBapvauuoHeH aHa/M3 Ha nokasaTtens
M3K cnpamo nokasatenute B3K nu

of spike (LS), length of spike with awns
(LSA), weight of spike (WS), number of
spikelets per spike (NSS), weight of
grains per spike (WGS), number of grains
per spike (NGS), and according to 5
indices: awnness index (Al) — LSA/LS
ratio, distribution of weight along the
length of spike (WDLS) — WSJ/LS ratio,
number of spikelets along the length of
spike (NSLS) — NSS/LS ratio, mean
weight per spike (AWS) — WS/NSS ratio,
1000 kernel weight (M1000) — according
to Bulgarian State Standard.

To neutralize the effect of the factor
year, in order to find out what are the
biometrical correlations in the
amphidiploid, a specific index for
elimination of the effect of the year (SEYI)
was calculated — the product of the ratio
of WGS and NGS with LS. SEYI is based
on the hypothesis that the indices WGS,
NGS and LS are in a certain biological
equilibrium regardless of the conditions of
the environment (Stoyanov, 2015a).

Data about the mean daily air
temperatures during 01.10.2012 -
30.06.2013, 01.10.2013 - 30.06.2014 and
01.10.2014 — 30.06.2015 were summarized,
as well as the data about the precipitation

sums for the above periods. The
temperature and precipitation data were
obtained through measurements with

LaCrosse automatic meteo station. They
were done twice daily, at 07:00 am and
19:00 pm. The means of the data were
calculated for two periods (vegetative —
01.10- 31.03 and reproductive — 01.04 —
30.06) and for the entire period of
investigation.

The means of the obtained data
were calculated (AV), taking into account
a variation coefficient (VC, %) for the
entire investigated period and over years.
ANOVA was performed to estimate the
effect of the year and of the genotype on
the amphidiploid. The reliability of the
obtained results was considered. In order
to determine certain correlations between
the indices of spike productivity, covariation
analysis was carried out of the index WGS
according to the indices NGS and M1000.
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M1000. 3a o6o6ujaBaHe Ha faHHUTE 1 3a
BapvauMoOHHMA aHa/M3 e  M3Mon3BaH
nporpameH npoaykt Microsoft Excel 2003,
a 3a OWCNepCcuOHHUS U KOBapuauMOHHWS
aHanu3 — IBM SPSS Statistics 19.

PE3YJITATN N OBCbXXAAHE

PeakunsaTa Ha nscnegsaHusa amdu-
avnnous no OTHOLWEHWe Ha kiacoBaTa
mMopdposiorns e B CTpora 3aBUCUMOCT OT
ycnoBusita Ha cpepgaTa (Tabnuua 1). Tbid
KaTto TpuTe nepuoga Ha oTriexgaHe ce
Xapakrepmsmpar kato TBbpAe KOHTpacT-
HW, TO Ce o4yakBaT pa3HoOobpa3Hu NposBY
Ha CTOMHOCTWUTE Ha W3c/eABaHUTE MpPuU3-
Hauu. Hali-6naronpusaTeH 3a pa3BUTMETO
Ha amcbmgunaonga ce oyeprtasa nepuroga
2012/2013. Cnep nepuofia Ha 3acsiBaHe,
TemnepaTtypute n BasiexuTe nmat 6naro-
NPUATHW CTOMHOCTM U MNOKb/IHBAHETO W
NMOHMKBAHETO Ha pacTeHusiTa e CcpaBHU-
TeNHO 6BbP30 M ApyxHO. NocneasalloTo
pasBuTMe Cbllo e fobpo, kaTo NoBeyeTo
pacTteHus ycnssaT fobpe fa ce pasBuATt
[0 nbpBuTe cTygoBe. MNogobHa TeHAeH-
uus ce Habnwgasa M npe3 nepuoga
2013/2014. Mpe3 nponeTTa Ha 2013r. MNo-
paau Hanmume Ha gobpa 3umHa Bnarosa-
naceHoCT U ymMepeHn Temnepatypu (cpes-
HogHeBHM Hag 10°C) pacTeHusiTa ce pas-
BMBaT [fobpe u ycnaBaT Aa nocturHart
BMCOKa CTOMHOCT Ha OparteHe. locneg-
Bawmna nepuog 01.04-30.06, korato ce
dopMupaT penpoayKTUBHUTE OpraHn Ha
pacTteHusiTa, U3BbpLIBA Ce UbHTEXBT U
onpallBaHeTo, a Cbll0 Taka U HasvBaHe-
TO Ha 3bPHOTO Ce xapakTepu3upa C Hop-
Ma/IH/ TemnepaTtypyu N BasIEXHN HOPMMU,
XapakTepHM 3a paiioHa Ha OoTrnexgaHe
(Topliiski, 2006). MNopagn Tasyn npuynHa
pacTteHusiTa ce pasBMBaT HOPMasIHO MNpwU
HWCKa HMBa Ha abuoTuueH ctpec. Brto-
puUAT uscneaBaH nepuog cnefBa cxogHa
TEHAEHUMA N0 OTHOLIEHWE Ha BeretaTus-
HOTO pasBuTMe Ha pacTeHusTa B nepuoga
01.10-31.03. OcHoBHaTa pasnuka e, 4e
npes siHyapu n oeBpyapu ce Habnagasat
no-BMCOKM TeMnepaTtypu, nopagu KoeTo
pacTeHusiTa ce pa3BmBaT NpeXaeBpPeEMEH-
HO 1 HaB/M3aT B reHepaTMBHaTa cu pasa

To summarize the data and perform
variation analysis, the software Microsoft
Excel 2003 was applied, while for the
ANOVA and the covariation analysis IBM
SPSS Statistics 19 was used.

RESULTS AND DISCUSSION

The reaction of the investigated
amphidiploid with regard to the spike
morphology was strictly dependent on the
environmental conditions (Table 1). Since
the three growing periods were rather
contrasting, various expressions of the
values of the investigated traits were
expected. The period 2012/2013 was
outlined as the most unfavorable for the
development of the amphidiploid. After
planting, the temperatures and rainfalls
were  with  values favorable for
germination, and the emergence of the
plants was comparatively fast and
uniform. The subsequent development
was also good and most plants managed
to develop well until the first frosts.

Similar tendency was observed also
during 2013/2014. In the spring of 2013,
due to the good winter moisture reserves
in soil and the moderate temperatures
(average daily temperatures over 10°C),
the plants developed well and reached
high values of tillering. The next period
01.04-30.06, when the reproductive
organs of the plants were formed and
when anthesis and pollination and grain
filing occurred, was characterized with
normal temperatures typical for the
growing region (Topliiski, 2006).

Therefore the plants developed normally
at low levels of abiotic stress. The second
investigated period followed a similar
tendency with regard to the vegetative
development of the plants during 01.10-
31.03.

The main difference was that in January
and February the temperatures were
higher and this was the reason for the
premature development of the plants,
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CpaBHUTE/IHO MO-paHo (B kpas Ha Mecey,
Anpun). MNpe3 mecel, mMai, Cblusa nepuog,
HabnogaBaHWTe BUCOKM BasieXHW HOpMU
(120mm) 6naronpuATcTBaT CUMHUSA BereTa-
TUBEH pacTex Ha pacTeHuaTa. Bbnpeku
TOBa MO-X/13JHOTO U BNI@XHO BPEME CUJSIHO
Bb3NpenaTcTBa [06POTO omnpalliBaHe, Tbi
KaTo XxapakTepHO 3a amduauniongute e
Ha/IMuneTo Ha OTBOPEeH Tun ubdTex. MNopa-
OV Ta3n NpuynHa BUCOKaTa BMAXHOCT W Mo-
HUCKUTE TemnepaTtypu ca npuyuHa 3a Huc-
KaTa dpepTunHocT. MocneaBawute Banexmu
npes Mmecew, lOHW, AONBAHUTENIHO NOBAUSA-
BaT U3XpaHBAHETO Ha 3bPHOTO B HEraTuBEH
acnekT. Tbil KaTo pacTeHusITa ca ce pas3Bu-
M No-paHo 1 ca popMupanu ronsiMa Haf-
3eMHa Maca, HaJIMuMeTo Ha BUCOKW Basex-
HVY HOpPMK € npeAnocTaBka 3a BUCOKa CTe-
neH Ha nonsraHe. Tosa Bfowasa POTOCKH-
TeTMYyHaTa akTMBHOCT M U3XpaHBAHETO Ha
3bpHaTa e CUHO 3aTpyLHEHO.

which entered their generative stage
comparatively earlier (at the end of April).
In May of the same period, the observed
high precipitation norms (120mm) favored
the strong vegetative growth of the plants.
Nevertheless, the cooler and humid
weather impeded the good pollination
since the opened type of anthesis is
typical for the amphidiploids. Therefore,
the high humidity and the lower
temperatures were the reason for the low
fertility. The subsequent rainfalls in June
had additional negative effect on the
nutrition of grain. Since the plants
developed earlier and formed abundant
shoot mass, the high precipitation norms
were a prerequisite for higher degree of
lodging. This worsened the photosynthetic
activity and made the nutrition of grains
very difficult.

Ta6nuua 1. MeTeoposiorMyHM AaHHW 3a nepuoaa Ha ulcreaBaHeTo
Table 1. Meteorological data during the investigated period

Meceum CpegHa meceyvHa TemnepaTtypa, °C Cyma Ha MeceyHuTe BasieXxu, mm
Months Average monthly temperature, °C Total monthly precipitation, mm
2012/2013 2013/2014 2014/2015 2012/2013 2013/2014 2014/2015
OkT/Oct 16,1 12,1 11,4 73,5 79 76
Hoe/Noe 9,2 9,5 5,8 41 29 54
[Lex/Dec 0,9 1,8 3,0 142 10 105
Any/Jan 1,2 2,6 2,1 47 153 40
®deB/Feb 3,6 4,7 1,7 34,5 19 101
Map/Mar 6,2 8,7 5,6 31 56 71
Anp/Apr 13,4 11,5 11,1 39,5 39 46
Maii/May 19,7 15,6 18,5 20,5 120 27
FOHW/Jun 20,9 19,2 20,1 60 234 61
CpepgHo/Average 10,1 9,5 8,8 - - -
01.10-31.03 6,2 6,6 49 - - -
01.04-30.06 18 15,4 16,6 - - -
O6wo/Total - - - 489 739 581
01.10-31.03 - - - 369 346 447
01.04-30.06 - - - 120 393 134

MepuoabT Ha nscnensaHe 2014/2015
Cce xapakrepusupa KaTto MexXAuHeH 3a
oTrnexaaHe Ha amdugunnonga. Toea e
Taka, 3all0TO pacTeHuUsTa ce passBuBart Mno-
6aBHO B HaYa/IHWTe eTanu Ha BeretauuaTa
nopaav cpaBHUTESHO MO-HUCKUTE TemMnepa-
Typwn. lpe3 nponetrta Ha 2015r. oTHOBO
nopaav 3HaunTesiHo No-BUCOKUTE TemMnepa-
TYpU npes aekemspw, sHyapu n despyapu
(Tabnuua 1) pacteHuaTa Bfm3aT MNo-paHo

The investigated period 2014/2015
can be described as intermediate for
growing of an amphidiploid. This was so
because of the slower development of the
plants at the initial stages of the vegetation
due to the comparatively lower
temperatures. In the spring of 2015, again
due to the higher temperatures in
December, January and February (Table 1),
the plants entered the vegetative stage
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BbB Beretauus. Tbii kato obadye ca Mo-
cnabo pasBUTU OT NPeA3VMHUS Nepuog, To
pa3sBuWTVeTO Ha BeretaTMBHaTa Maca € B
HOpMasIHM 3a  amdpuannionga rpaHuLy.
ToBa GnaronpuaTcTBa  reHepaTuBHaTa
(hasa, Tbil KaTo TS HAcTbNBA CPABHUTESTHO
No-KbCHO CNPSIMO NpejaxoAHarta CTonaHcka
rogvHa. BpemeTo Ha uskniacsisaHe u UbgT-
X Cce XapakTepusupa C 61aronpusTHU
YC/IOBUA Ha cpefaTa, BUCOKM TeMnepatypu
1 ymepeHu Banexu. Toa GnaronpusitcTea
UubdTexa ¥ onpaweaHeTo, nopaau Koeto
ce Habnwgasa Brcoka hepTuaHocT. Mecel,
IOHW Ce XapakTepuanpa C YMEPEHU BasieXu
Mo KOMMYECTBO, HO MHTEH3MBHW. ToBa BOAM
[l0 MonsiraHe Ha 4acT OT pacTeHusiTa U fo
nosiea Ha W3BECTHO BapupaHe Npu M3xpaH-
BaHETO Ha 3bPHOTO.

[aHHnTe OT BapuauMoHHNSA aHa/Im3
(Tabnuua 2) kaTeropMyHo aokassaT KOH-
TpacTHMA XapakTep Ha pasinyHuTE
nepuogn Ha otrnexgaHe. ®opmupaHarta
KnacoBa NPOAYKTMBHOCT MNpe3 BCEKU OT-
JeneH nepuvog uma pasnnueH xapakrep.
CpaBHUTENIHO HWUCKO € BapupaHeTo npu
nokazatenute  BKK  (15,62%), [AOK
(18,77%), OKO (11,16%), NO (14,76%),
BKOK (7,57%). Tbit KaTo ToBa ca TUNUY-
HWM BereTaTMBHU MokasaTenu, To TAXHOTO
doopMupaHe ce cBbp3Ba C nepuoga oT
NMoHMKBaHe A0 u3knacsisaHe. [pe3 Tpute
uscneABaHn nepuoga B LUMPOK CMMUCHI
ce HabnwgaesaT W3BECTHW pas3uums B
Tasn pasa Ha pacTteHuaTa. Nopagu ToBa
cTeneHTa Ha BapupaHe ce passvyaBsa 3a
Te3n nokasatesnn, HO KaTo TeHAEeHUMs ce
3anasBa Ha CpaBHUTE/IHO HUCKO HUBO.
MopgobHa peakuuss e xapakTepHa W 3a
APy 3bpHEHO-XUTHU KynTypu (Fufa et
al., 2005; Kashif and Kalig, 2004;
Mahmood and Shahid, 1993; Stoyanov
and Baychev, 2017a). NpaBu Brnevatne-
HMe, 4Ye Hali-CWHO € BapupaHeTo Ha
Te3n nokasaTenu npes 61aronpusaTHUA 3a
pasBUTMETO Ha amdmaunionga nepnog —
2012/2013. ToBa ce Ab/KMN Ha pakTa, ve
no-cUIHOTO GpaTeHe npeanonara gude-
peHLumMpaHe Ha KnacoBeTe OT LeHTpasHuA
6paT M Te3n OT CTpaHW4YHUTE 6GpaTd B
MOPPOOTMYHO OTHOLEeHne. CTpaHUYHK-
Te 6bpars, Tbii KaTo ca C No-rosisM 6poi

earlier. They were, however, less
developed in comparison to the pre-
winter period and the development of the
vegetative mass was within the normal
range for the amphidiploid. This favored
the generative stage, since it occurred
comparatively later in comparison to the
previous economic year. The time to
heading and anthesis was characterized
with  favorable conditions of the
environment, high temperatures and
moderate rainfalls. This was favorable for
anthesis and pollination and therefore
high fertility was observed. June was with
moderate but intensive amounts of
rainfalls. They caused lodging of a part of
the plants and lead to the occurrence of
some variation in the nutrition of grain.
The data from the variation
analysis (Table 2) clearly proved the
contrasting character of the different
growing periods. The formed productivity
of spike was of different type in each
period. Comparatively low was the
variation of the indices NSS (15.62%), LS
(18.77%), LSA (11.16%), Al (14.76%),
NSLS (7.57%). Since these are typical
vegetative growth indices, their formation
is related to the period from emergence
to heading. In broad sense, during all
three  investigated periods some
differences were observed in this stage of
the plants. Therefore the degree of
variation was different for these indices
but as a tendency it remained at a
comparatively low level. Such a response
is typical for other cereals as well (Fufa et
al., 2005; Kashif and Kalig, 2004;
Mahmood and Shahid, 1993; Stoyanov
and Baychev, 2017a). It is worth
mentioning that the variation of these
indices was high during the period
favorable for the development of the
amphidiploid — 2012/2013. This was due
to the fact that the stronger tillering
implied morphological differentiation of
the spikes from the main tiller and those
from the auxiliary tillers. The auxiliary
tillers, being greater in number in
comparison to the other growing periods,
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CNpsiMO  ApYyrute nepuogn Ha OTrex-
AaHe, oopmmpat no-ApebHn Knacose.

formed smaller spikes.

Tabnuua 2. BaprauuoHeH aHa/IM3 Ha M3cfefBaHUTe CTPYKTYPHU e/leMeHTU Ha

NPOAYKTUBHOCTTA
Table 2. Variation analysis of the investigated structural elements of productivity
Mokasaten FognHa CcC VC Mokasaten FognHa CcC VC
Parameter Year AV % Parameter Year AV %
BKK 2012/2013 20,00 17,70 WO 2012/2013 2,05 12,02
NSS 2013/2014 23,50 11,34 Al 2013/2014 1,71 10,44
2014/2015 25,53 5,90 2014/2015 1,63 7,98
Total 23,01 15,62 Total 1,79 14,76
4K 2012/2013 96,30 21,69 BKOK 2012/2013 0,210 7,58
LS 2013/2014 122,35 11,65 NSLS 2013/2014 0,193 7,00
2014/2015 128,80 9,09 2014/2015 0,199 4,37
Total 115,82 18,77 Total 0,200 7,57
KO 2012/2013 192,85 11,69 PMIK 2012/2013 0,027 21,83
LSA 2013/2014 207,65 11,95 WDLS 2013/2014 0,022 36,48
2014/2015 209,00 7,25 2014/2015 0,024 22,26
Total 203,17 11,16 Total 0,024 28,20
MK 2012/2013 2,70 39,82 CMK 2012/2013 0,130 26,01
WS 2013/2014 2,73 41,40 AWS 2013/2014 0,115 38,87
2014/2015 3,04 23,47 2014/2015 0,119 22,01
Total 2,82 35,84 Total 0,121 29,98
M3K 2012/2013 1,96 41,78 M1000 2012/2013 48,95 13,24
WGS 2013/2014 1,64 61,53 M1000 2013/2014 41,48 34,88
2014/2015 2,10 29,93 2014/2015 38,41 19,38
Total 1,90 45,52 Total 42,95 25,55
B3K 2012/2013 38,90 33,72 CuvBr 2012/2013 4,81 31,73
NGS 2013/2014 36,75 35,99 SEYI 2013/2014 511 38,80
2014/2015 54,47 20,13 2014/2015 4,94 19,68
Total 43,37 34,21 Total 4,95 31,72

BKK/NSS — 6poli knacueta B knac/number of spikelets per spike, AK/LS — gbmkuHa Ha knaca/length of
spike, KO/LSA — gbmxuHa Ha knaca ¢ ocunu/length of spike with awns, MK/WS — maca Ha knaca/weight of
spike, M3K/WGS — maca Ha 3bpHaTa B knac/weight of grains per spike, B3K/NGS — 6poii 3bpHa B
knac/number of grains per spike, NO/Al — uHpekc Ha ocunectoct/awness index, BKOK/NSLS — 6poii
Knacueta no fAbmkuHata Ha knaca/number of spikelets to the length of spike, PMOK/WDLS -
pasnpefefnieHsne Ha Macata Mo Ab/bkMHaTa Ha knaca/weight distribution along the length of spike,
CMK/AWS - cpepHa maca Ha knacdyel/average weight of spikelet, M1000/M1000 — maca Ha 1000
3bpHa/weight of 1000 grains, CVIBI/SEY| — cenekuMoHeH MHAEKC 3a HeyTpanmsmpaHe Ha BJIMSHUMETO Ha
thakTopa ,roguHa’/specific index eliminating the year influence, CC/AV — cpefHa cTtoliHocT/average value,
BK/VC — BapuaunoHeH koedpeuneHT/variation coefficient.

ToBa e B cfnefcTeve OT nocfiefosartesi-
HOCTTa Ha pa3BuTMe Ha bpaTaTa, a CblUo
Taka 1 OT KOMNEHCATOPHUTE MexaHn3mu,
KOWUTO ce Habnogaeat B Nogo6HN pacTu-
TenHu copmu  (Stoyanov, 2017). [o-
ocobeHO noBefeHVe uMa nokasaTenat

This was a result from the sequence of
the development of the tillers, and also
from compensatory mechanisms
observed in similar plant forms
(Stoyanov, 2017). Among the vegetative
parameters, the index LSA demonstrated
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OKO ot BeretatuBHuTe. Tbil Kato AbI-
XMHaTa Ha knaca ¢ ocunmTe ce usmepsa
6e3 ga ce B3uma npeasug brbabT UM
CnpAMO OCTa Ha knaca, TO B HSKOU
cny4yaun, No-HUCKM CTOMHOCTM Ha KO ce
Ob/XaT Ha Nno-rosieMys brb/l Ha ocunuTe
cnpaAMo LeHTpanHata oc. MNMogobHo pas-
nosioeHne ce CcBbp3Ba C M0-BUCOKA
PEPTUSIHOCT, Tbii KaTo Ao6pe M3XpaHeHuTe
3bpHa Jedhopmupar knacuyeto (Stoyanov,
2016). Nopagn Tasu npuymMHa npes Hebna-
ronpuaTHus nepwog 2013/2014 cunHoTO
BapvipaHe KakTo BbB 03bpHSABAHETO, Taka v
B M3XpaHBAHETO Ha 3bPHOTO € NpUuYMHa ”
3a no-cusHoTO BapupaHe Ha [KO cnpsamo
61aronpuATHNA NEePUOA.

M3kniounTtenHo BUCOKO BapupaHe
ce Ha6bnmwopgasa npu nokasatenute MK
(35,84%), M3K (45,52%), B3K (34,21%),
PMOK (28,20%), CMK (29,98%), M1000
(25,55%). ToBa ce [Ab/IXW Ha TeXHUs
npeaMMHO reHepaTMBEH XapakTep, Tbl
Karo ca CBbp3aHU C pPenpoayKTUBHUTE
0CO6eHOCTM Ha pacTeHueTo. [Mpu Tesu
nokasaTenu nogobHO BapupaHe e Cbob-
LLlaBaHOo 1 Npu OPYrM CXOL4HW PacTUTEsTHU
BUAOBe — OOMKHOBEHa 3MMHAa NWeHnua,
eyeMuk, TpuTukane, Apyrn amdunau-
naonaHun hopmu (Fisher and
HilleRisLambers, 1978; Guinta et al.,
1999; Dencic et al., 2000; Motzo et al.,
2001; Garcia del Moral et al.,, 2003;
Acreche et al., 2006). MeproabT Ha cop-
MupaHe Ha Te3u nokasartesiv He e TBbpAe
npoabA-xuTeneH nogobHo Ha BereTaTus-
HUTE Mo-KasaTesiM, HO Ce Xapakrepusnpa
C U3KIYUTENHA AMHAMMKA HA MEeTeopo-
NornyHoTo Bpeme. lpes TpuTe nepuoga
Ha u3crneiBaHe METeopPOosIorMYHUTE NoKa-
3aTenu ce pasnuyaBaTt CbLLECTBEHO TOY-
HO B nepuoga Ha hopmunpaHe 1 Hanusa-
He Ha 3bpHoTOo (Tabnmuya 1, meceun Mali
1 KOHK). ETO 3all0 BapupaHeTo npu 1esu
rnokasaTenu makap, Ye kato TeHAeHUUs
ce 3anassa fJa e C BUCOKM CTOMHOCTU, Te
Ce pa3nuyaBsarT CblUeCTBeHO. 3a pa3nuka
OT npejxogHara rpyna nokasartesnu, TyK
BapvpaHeTo e Hail-BMCOKO npe3 Hebnaro-
NPUATHWA Nepuog, 3a pasButre Ha aMmdu-
aynnonga (Tabnvua 2). ToBa ce Ab/XU

a more specific behavior. Since the
length of spikes with awns is measured
without taking into account the angle
formed with the axis of the spike, in some
cases the lower LSA values were due to
the bigger angle the awns form with the
central axis. Such position is related to
higher fertility because the plump grains
deform the spikelet (Stoyanov, 2016).
Therefore, during the unfavorable period
2013/2014 the high variation both in the
number of grains and in the nutrition of
grain was the reason for the greater
variation of LSA in comparison to the
favourable period.

Extremely high variation was
observed in the indices WS (35.84%),
WGS (45.52%), NGS (34.21%), WDSL
(28.20%), AWS (29.98%), M1000
(25.55%). This was due to their
predominantly generative nature since
they are related to the reproductive
specificity of the plant.

Such high variation of these indices has
been reported in similar plant species, as
well — common winter wheat, barley,
triticale, and other amphidiploid forms
(Fisher and HilleRisLambers, 1978;
Guinta et al., 1999; Dencic et al., 2000;
Motzo et al., 2001; Garcia del Moral et
al., 2003; Acreche et al., 2006).

The formative period of these indices is
not very long, similar to the vegetative
indices, but is marked by the high
dynamics of the meteorological weather.
During the three periods of investigation,
the meteorological indices differed
significantly in the very stages of grain
formation and grain filling (Table 1,
months May and June). Therefore the
indices, although forming a stable
tendency toward high values, differed
significantly with regard to these high
values. In contrast to the previously
considered group of indices, here the
variation was highest during the period
unfavorable for formation of the
amphidiploid (Table 2). This was due
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UMEHHO Ha OCOGEHOCTUTE Ha penponyk-
TMBHMA anapar Ha pacTeHusTa u Ha cne-
UundpmyHaTa My peakuusi KbM HeGnaronpu-
ATHUTE ycnoBus Ha cpegata (Stoyanov,
2017). Hair-Bucoko BapupaHe ce Habnto-
paBa npu nokasartennte MK n M3K. ToBa
ce Ob/DKM Ha TEXHMSA KOMMEKCEH Xapak-
Tep, Tbli Kato obeguHsBat B cebe cu
epekTTe Ha BMAHMETO Ha cpepjarta
BbPXY LSI0CTHUS hM3MONOTMYEH NMPoLEeC
no onpawBaHe, onnoxgaHe, hopmmpaHe
W Ha/MBaHe Ha 3bpHOTO (Stoyanov and
Baychev, 2017b). MogobHa KoOMMAekc-
HOCT Ha fJajeH MpusHaKk e CBbp3aH C
ekcrnpecusaiTa Ha TrOMSAIMO  KOSIMYECTBO
reHn (Ramya et al., 2010). MNMopaan Tasu
npuyvHa BapupaHeTo Ha NofobHU KOM-
NnJeKkCHU NpusHauu cneasa ga 6bae 3Ha-
ynTenHoO no-eucoko (Stoyanov, 2016).
Tbin kKaTo M3K € OCHOBHUAT Npu3HaKk,
KOITO xapakTepu3upa knacosaTa npogyk-
TMBHOCT B TEI/IOBHO OTHOLLUEHWE, TO MO-
BMLUEHMTE CTOMHOCTM Ha BapuaunoHHUTE
KoethMLMEHTN Npe3 oTAeNHUTe nepuoaun ca
nokasaTeslHM 3a LMpokaTa peakuus Ha
amdmgunaonga U HaauuMeTo Ha onpege-
NTEHN KOMMEHCATOPHN MEXaHU3MU.
Mokasatenar M1000 ce xapakTte-
puvsMpa € M3KIUYUTENIHO chieuudmryHa
peakuusi No OTHOLUEHME Ha CBOETO Ba-
pvpaHe, nopaau KoeTo crnefsa ga 6bae
aHanm3upaH B Aetaiinn. MogobHo Ha
OoCTaHa/MTe TersioBHW napameTpu, Haii-
BMUCOKO BapupaHe ce Habnwpgasa npes
HebnaronpuATHUA 3a pasBUTUETO Ha
amcmamnionga nepuvog — 2013/2014.
Bbnpekn ToBa 06adve, Hai-HUCKO Bapu-
paHe (13,24%) e oT4yeTeHO npe3 nepuoja
2012/2013 — 6naronpuaTeH 3a pasBuTue
Ha pacTeHusATa, AoKaTo MpW ocTaHanuTe
TErNOBHU  MapamMeTpu  Hail-HUCKO e
BapvpaHeTo npe3 2014/2015 (Ta6nuua
2). Cnegga ga ce nocoun, Ye amdpepeH-
unaumaTa Ha knacoseTe BCNeACTBME Ha
BMCOKOTO OpareHe npe3 6naronpuaTHUs
nepvoa e npuuMHa 3a pas/simyeH 6poli
KnacueTta B HSKOW K/lacoBse, a oTTam U1 3a
pasnvkn B MK, M3K, B3K, PMK 1 CMK.
ToBa nokasBa, Ye pa3BUTMETO Ha OTHesl-
HUTE KnacyeTa e OT U3KIKUMTENIHA Bax-

exactly to the peculiarities of the
reproductive apparatus of the plants and
of its specific response to the unfavorable
conditions of the environment (Stoyanov,
2017). The highest variation was
observed in the indices WS and WGS.
This is conditioned by their complex
nature because they combine the effects
of the environment on the overall
physiological process of pollination,
fertilization, formation and filling of grain
(Stoyanov and Baychev, 2017b). Such
complexity of a given trait is related to the
expression of a large amount of genes
(Ramya et al., 2010).

Therefore, the variation of such complex
traits should be considerably higher
(Stoyanov, 2016). Since WGS is the main
trait characterizing the productivity of the
spike with regard to weight, the increased
values of the variation coefficients during
the separate periods were indicative for
the  wide-range reaction of the
amphidiploid and the presence of certain
compensatory mechanisms.

The index M1000 was
characterized by a highly specific
response with regard to its variation and
therefore has to be analyzed in detail.
Similarly to the other weight parameters,
the highest variation was observed during
the period unfavorable for the
development of the amphidiploid -
2013/2014. In spite of that, however, the
lowest variation (13.24%) was registered
during 2012/2013 - a period, favorable
for the development of the plants, while in
the other weight parameters the variation
was lowest during 2014/2015 (Table 2). It
should be pointed out that the
differentiation of the spikes resulting from
the high tillering during the favorable
period was the reason for the different
number of spikelets in some spikes, and
thence — for the differences in WS, WGS,
NGS, WDLS and AWS. This showed that
the development of the individual
spikelets was exceptionally important for
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HOCT 3a dhopmupaHe Ha obujaTta kacosa
NPOAYKTUBHOCT — BCHAKO [A0MbJ/IHUTESTHO
Knacye ponpuHaca kbM M3K. N3xpaHBa-
HEeTO Ha 3bLPHOTO 0b6aye, He ce NoBvsBa
NpsiKo OT 6pos Ha KnacyeTara, OCBEH Npu
HSIKOM creundmMyHn reHoTmMnose (Stoyanov,
2015e). Mopagn Tasu npuyunHa M1000
cnegsa oOTAeniHa TeHOeHUus  CnpsiMo
MEeTeopoIorMYHOTO Bpeme. Bunpeku, uve
npes 2015r M3K uma no-BMCOKM CTOW-
HocTu (Tabnuua 2), To YaCTUYHOTO NoNs-
raHe BOAM [0 nNpeanocTaBkM 3a Mo-
BMCOKO BapupaHe, nopagn o4vakBaHu
pa3nuky B U3XpaHBaHETO Ha 3bPHOTO.
MpoBeneHnsaT AMcCnepcuoHeH aHa-
nn3 (Tabnuua 3), KateropuyHo noguep-
TaBa pesynratute OT BapualMOHHUA
aHanM3 M [gokasBa Xunortesute cnepg-
CTBME Ha 0COGEHOCTUTE Ha BapupaHeTo
Ha nscnepgaHWTe KOMMNOHEHTU Ha Kaco-
Bara NpoAyKTUBHOCT. [loka3aHo e BnuA-
HMETO Ha nepuoja Ha OTrnexaaHe npu
BeretatnHute nokasaresim BKK, [OK,
OKO, NO n BKAK. AcHo e pasnuuneto
Mexgy 6naronpuatHus  nepuog  3a
otrnexpaHe — 2012/2013 n octaHanute
ABa nepuofa. ToBa faBa OCHOBaHue Aa
ce TBbpAM C BUCOKA CTereH Ha [0CTo-
BEPHOCT, Ye BuCOKaTa NpoAyKTUBHa 6pa-
TUMOCT, pe3yntar oT 6s1aronpuaTHUTE
yC/I0BUS Ha cpeparta, nosnvsiea nsasara
Ha knacosarta NPoAYKTMBHOCT. V3k/oun-
TEe/IHO BreyaT/NeHne npasu nuncara Ha
[OOCTOBEPHM pas/iku Npu nokasartenute
MK, M3K, PMOK, CMK (Tabnuua 3). lNo-
[OGHU faHHKW, BbNPEKN BUCOKaTa CTeneH
Ha BapupaHe ca nokasaTesiHW 3a U3KJ/0-
YATESIHO CEPUO3HUTE  KOMMEHCATOPHU
MexaHu3Mu, KOUTO ce HabnwgasaTr B
uscneasaHus amdugunnons (Stoyanov,
2016). Bbnpeku CbLECTBEHUTE Pa3/INKu
BbB BEreTaTMBHOTO pasBUTME Ha KIaco-
BeTe, TO TAXHATa NPOAYKTUBHOCT OCTasa
CpaBHUTENHO Ha WAEHTMYHO HMBO. ToBa
O3HayaBa, Ye OpoAT Ha 3bpHaTa U Maca-
Ta Ha 1000 3bpHa ce pgonbsiBaT BbB
(PYHKLMOHA/THO OTHOLUEHME KaTo ce OCu-
rypsisa onTumasiHa knacosa nNpoAyKTUB-
HocT. [lpaBu BnevatsieHne, 4ye M1000
MMa pas/fiMyHo NnoBeAeHue Mo OTHOLEHNe

the formation of the total productivity of

spike — each additional spikelet
contributed to WGS. The nutrition of
grain, however, was not directly

influenced by the number of spikelets,
with the exception of some specific
genotypes (Stoyanov, 2015e). Therefore
M1000 followed a separate tendency
according to the meteorological weather.
Although in 2015 WGS had higher values
(Table  2), the partial lodging
preconditioned higher variation due to the
expected differences in the nutrition of
grain.

The ANOVA (Table 3) definitely
confirmed the results from the variation
analysis and proved the hypotheses
following from the specificity in the
variation of the investigated components
of spike productivity. The effect of the
growing period on the vegetative indices
NSS, LS, LSA, Al and NSLS was
significant. There is a clear difference
between the period favorable for growing
(2012/2013) and the other two periods.
This allowed assuming with a high
degree of significance that the high
number of productive tillers resulting from
the favorable environmental conditions
influenced the expression of the spike
productivity. The fact that there were no
significant differences in the indices WS,
WGS, WDLS and AWS (Table 3) is worth
mentioning. Such data, in spite of their
high degree of variation, are indicative for
the considerable compensatory
mechanisms observed in the investigated
amphidiploid (Stoyanov, 2016). In spite of
the significant differences in the
vegetative development of the spikes,
their productivity remained at
comparatively the same level. This
means that the number of grains and
M1000 complement each other
functionally and thus ensure optimal
spike productivity. It is worth mentioning
also that M1000 had different behavior
with regard to the three investigated
periods according to the other weight
indices (Table 2 and 3). During the
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Ha TpuTe mscnegsaHy nepuvoga cnpaAmMo
Apyrute TernoBHU nokasatenu (Tabnunua
2 n 3). lNpe3 HebnaronpuaTHUS U MEX-
OVIHHWA Neproj, HAMa [OCTOBepHa pasnnka
Mexay cpegHuTe CTOWHOCTM, HO 6naro-
NPUATHUAT PA3KO Ce OT/MyaBa OT OCTa-
HasMTe aga. Toea onpegensa M1000 kato
ocobeH nokasarten, KOWTO MMa efHoBpe-
MEHHO W BeretTatMBeH W reHepaTuBeH
Xapaktep. ToBa 03HayaBa, Ye efpuHarta Ha
3bpHaTa ce hopmupa OT TUMNWYEH Bereta-
TMBEH NPOLEC, MHMUMMPAH OT reHepaTuBeH.
MogobHM fAaHHM ce CcBbp3BaT C U3K/IK0-
ynTenHaTa KOMIM/IEKCHOCT Ha kacoBaTa

unfavorable and the intermediate period,
there was no significant difference
between the mean values, but the
favorable period was clearly distinct from
the other two. This makes M1000 a
special index, which is simultaneously of
vegetative and generative nature; i.e. the
size of grain is conditioned by a typical
vegetative mechanism initiated by a
generative one. Such data are related to
high complexity of the spike productivity
and overall interdependence of its
separate components.

NPOAYKTUBHOCT U UANNOCTHaTa B3anmMosaBu-
CUMOCT Ha oTAe/IHUuTE U KOMMOHEHTHU.

Tabnuua 3. AUCnepcuoHeH aHasI3 Ha M3criefBaHUTe CTPYKTYPHU e/leMeHTU Ha

NPOAYKTUBHOCTTa
Table 3. ANOVA of the investigated structural elements of productivity
Mokasaten CK = Sig. Mokasaten CK = Sig.
Parameter SS Parameter SS
BKK Mr/BG 278,648 17,900 0,000M0  Mr/BG 1,863 24,316 0,000
NSS Br/we 404,733 Al BIr /WG 1,992
O6uwo / Total 683,382 O6uo / Total 3,856
4K Mr/BG 10923,577 20,181 0,0006KAK Mr/BG 0,0031 8,666 0,001
LS BIr /WG 14073,150 NSLS Br/weG 0,0093
O6uwo / Total 24996,727 O6uwo / Total 0,0124
4KO Mr/BG 3025,627 3,201 0,049PMIK Mr/BG 0,0003 2,941 0,062
LSA Br/weG 24573,100 WDLS BIr /WG 0,0023
O6uio / Total 27598,727 O6uo / Total 0,0025
MK  Mr/BG 1,190 0,581 0,563CMK Mr/BG 0,0024 0,920 0,405
WS BIr/waG 53,250 AWS Bl /WG 0,0692
O6wo / Total 54,440 O6uwo / Total 0,0716
M3K Mr/BG 2,028 1,403 0,255M1000 Mr/BG 1073,910 5,031 0,010
WGS Br/weG 37,589 M1000 B / WG 5549,881
O6uwo / Total 39,617 O6uo / Total 6623,791
B3K Mr/BG 3067,444 9,635 0,000CVIBI" Mr/BG 0,968 0,191 0,827
NGS Br/waeG 8277,283 SEYl Br/waeG 132,089
O6uwo / Total 11344,727 O6uwo / Total 133,057

BKK/NSS — 6poli knacueta B knac/number of spikelets per spike, OK/LS — gbmkuHa Ha knacallength of
spike, KO/LSA — gbmxuHa Ha knaca ¢ ocunu/length of spike with awns, MK/WS — maca Ha knaca/weight of
spike, M3K/WGS — maca Ha 3bpHaTa B knac/weight of grains per spike, B3K/NGS — 6poii 3bpHa B
knac/number of grains per spike, NO/Al — uHgekc Ha ocunectocT/awness index, BKAK/NSLS — 6poii
Knacueta no [AbmkuHata Ha knaca/number of spikelets to the length of spike, PMOK/WDLS -
pasnpefeneHve Ha macata no Ab/mMkuHaTa Ha knaca/weight distribution along the length of spike,
CMK/AWS — cpepgHa Maca Ha knacue/average weight of spikelet, M1000/M1000 — maca Ha 1000
3bpHa/weight of 1000 grains, CYBI/SEY| — cenekuyoHeH MHAEKC 3a HeyTpasim3vMpaHe Ha BANSAHWETO Ha
hakTopa roauHa’/specific index eliminating the year influence, CK/SS — cyma Ha kBapgpartute/sum of
squares, MI/BG — mexgy rpynute/between groups, BI/WG — BbTpe B rpynute/within groups, Sig. —
pocToBepHocT/significance
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Mokasatenar CUBIT HeaBycMmuchne-
HO NoTBbLPXAaBa TBbPAEHUATA MO OTHO-
LEeHNe BMUcOKaTa CTeneH Ha cTtabunHocT
Ha Knacosata nNPOAYKTMBHOCT Mpes3
OTAEe/IHUTE Mepuoau Ha u3cnefBaHeTo.
Tbil KaTo nokasatensar e dopmupaH Ha
6a3a TUMNUYHW BereTaTuBHU U TUMUYHU
reHepaTvMBHW NapameTpu, cnejsa ga ce
oTyeTe, 4Ye Jmncara Ha [OCTOBEPHU
pasivkn Mexgy CTOMHOCTWUTE MO FOAVHM
(Tabnuua 3) nopgyeptaBa KOMMIEKCHUSA
Xapakrep Ha amuamnionaHusa obpasetl.
B npepnxonHo uscnefBaHe BbpXy CbLUMA
o6pasey, (Stoyanov, 2015c) e HanpaBeH
napanen mexay amdoumamnionga n oouk-
HOBeHaTa 3MMHa nweHuua. AHannsbT
yCTaHOBsABa, 4Ye fABara Buaa, makap fga
dhopmupar knacosarta Cv NPOLYKTUBHOCT
OT WAEHTUYHW KOMMOHEHTU, TO THAXHOTO
noBsefleHne e Hamb/IHO pasNnyHo. AMdu-
AnMnnovaHnaT obpasel, pa3umMta OCHOBHO
Ha 6poAT Ha 3bpHaTa B Kac, [oKaTo npu
06MKHOBEHaTa 31MHa MeHnUa cepuosHo
3HayeHue uma macata Ha 1000 3bpHa. B
TOBa OTHOLLEHWe, Tbil KaTo 1 Npu gsBata
Buga CUBI nma ctabuneH xapakrtep no ro-
OVHW, MOXe fa ce TBbpau, Ye TOo3W noka-
3aTenl € yHVWKa/IHO BMOMIOTMYHO ChOTHOLLIE-
HVe, KOeTO JaBa peasiHa npejcTasa 3a CTa-
OGWTHOCTTA Ha KacoBata NpPoAyKTUBHOCT.

[JaHHuTe OT OucnepcuoHHUSA aHa-
N3 1 OT BapuaunoHHUTE KoeduumeHTH
He ca JocTaTb4HW, 3a [a XapakTepusu-
paT Hamb/IHO Kf1acoBaTa NPOAYKTUBHOCT.
Bbnpekn ye B TernoBHO oTHoWweHne M3K
€ BbB No4YTU (PyHKUMOHANHA 3aBUCUMOCT
ot B3K n M1000, To cepnosHara B3anmo-
Bpb3Ka MeXJy BCUYKW KOMMOHEHTM Ha
Knacosara MpPOAYKTMBHOCT npegnonarat
W3BECTHO BJ/IMAHWE W Ha [pYrute noka-
3atenun. T[lpoBefeHUNAT KoBapuaunoHeH
aHann3 gasa Bb3MOXHOCT fa ce npo-
cnegn BanaHueTo n Ha K, AKO n BKK
BbpPXy CToOWHOCTUTE Ha M3K. YcTaHoBsBa-
HEeTO Ha NoAo6HM BAUSHUA 61 6110 BannA-
HO, aKo CbBKYNHOTO Bb3JeiCTBME HA KOBa-
pvipawuTe nokasaTesim HeyTpasnsmpa Bb3-
[AelicTBMEeTO Ha pakTopa rogmHa.

JaHHuTe oT Tabnuua 4 kateropud-
HO NOTBBbPXAAaBaT Ha/IMYMETO Ha [OMb-
HUTENeH nokasaTesn, KOMTO nMa OTHOoLLe-

The index SEYI undoubtedly
confirmed the assumption regarding the
high degree of stability of the spike
productivity during the individual periods
of investigation. Since the index is formed
on the basis of typical vegetative and
typical generative parameters, it should
be taken into account that the absence of
significant differences between the values
over years (Table 3) emphasizes the
complex nature of the amphidiploid
accession. In a previous investigation on
the same accession (Stoyanov, 2015c), a
parallel was made between the
amphidiploid and common winter wheat.
The analysis determined that the two
species, although forming their spike
productivity from identical components,
have completely different behavior. The
amphidiploid accession relied primarily on
the number of grains per spike, while in
common winter 1000 kernel weight was
of high importance. In this respect, since
both species have SIEY which is stable
over years, it can be assumed that this
index represents a unique biological ratio,
which gives an accurate understanding
about the stabilty of the spike
productivity.

The data from the ANOVA and the
variation coefficients were not sufficient to
comprehensively characterize the spike
productivity. Although WGS is in almost
functional dependence on NGS and
M1000 with regard to weight, the serious
correlations between all components of
spike productivity imply some influence of
the other indices as well.

The co-variation analysis carried out
allowed following the effect also of LS,
LSA and NSS on the values of WGS. The
determining of such effects would be
valid if the total effect of the co-variation
indices neutralizes the influence of the
factor year.

The data from Table 4 undoubtedly
confirmed the presence of an additional
index related to the formation of the spike
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HYe KbM (DOpPMMPaAHETO Ha kiacoBaTa
NPOAYKTUBHOCT. Jluncara Ha [OCTOBep-
HOCT Ha KoBapuaHcute Ha BKK un [AK
cnpamo M3K e nokasaTeslHO 3a OTCbC-
TBMETO Ha NPSAKO B/SAHME BBbPXY DOPMU-
paHeTo Ha knacosaTa MPOAYKTMBHOCT MO
OTHOLWIEeHMe reHepaTuBHaTta hasa — T.e.
BKK 1 K ca ocHoBa 3a hopmmpaHeTo Ha
M3K, HO TEXHWUTE CTOMHOCTU HAMAT Npak-
TUYECKO OTHOLLEHWE KbM peasiHaTta ekc-
npecvpaHa npoaykTueHocT. OT pgpyra
ctpaHa OKO nokassa [OCTOBEPHO BJ/MSA-
Hue Bbpxy m3saBata Ha M3K, makap u ¢
no-MaJsikm CTOMHOCTK OT 06LLMS BapmaHc.

productivity. The non-significance of the
co-variances of NSS and LS according to
WGS was indicative for the absence of a
direct effect on the formation of spike
productivity with regard to the generative
stage, i.e. NSS and LS are the basis for
the formation of WGS, but their values
are not related in practice to the actual
expression of productivity.

On the other hand, LSA demonstrated a
significant effect on the expression of
WGS, although its values were lower
than that of the total variance.

Tabnuua 4. AHa/IM3 Ha KOBapuaHCUTE Ha MPeKUTe KOMMOHEHTW Ha KflacoBaTa

NPOAYKTUBHOCT BbpPXy Nokasartessa M3K

Table 4. Analysis on the covariances of the direct components of spike

productivity on the index WGS

Source Type Il Sum of Squares df Mean Square F Sig.
Corrected Model 38.999 7 5.571 343.165 0.000
Intercept 1.121 1 1.121 69.063 0.000
BKK 0.046 1 0.046 2.835 0.098
OK 0.001 1 0.001 0.068 0.795
[KO 0.147 1 0.147 9.061 0.004
B3K 5.807 1 5.807 357.666 0.000
M1000 5.906 1 5.906 363.787 0.000
Year 0.102 2 0.051 3.153 0.051
Error 0.844 52 0.016
Total 256.481 60
Corrected Total 39.843 59

BKK/NSS — 6poli knacueta B knac/number of spikelets per spike, OK/LS — gbmkuHa Ha knacallength of
spike, AKO/LSA — pbnxuHa Ha knaca c ocunu/length of spike with awns, B3K/INGS — 6poit 3bpHa B
knac/number of grains per spike, M1000/M1000 — maca Ha 1000 3bpHa/weight of 1000 grains, Sig. —

pocToBepHocT/significance

Ha Tabnuua 5 siCHO ce OTKPosiBa,
ye BJ/IMAHMETO Ha TPUTE KOMMOHEHTU
B3K, M1000 wn [AKO, Heytpanusupar
B/IMSAHMETO Ha roguHara no OTHOLUeHne
Ha nokasaTens M3K. Mogo6Hu gaHHK ca
rnokasaTesiHu, Ye ocunuTe MMat K4oBO
3HauyeHue npu popmmrpaHe Ha Knacosata
NPOAYKTUBHOCT. Tlpn Apyrn 3bpHEHO-
XWUTHW BMAOBE € YCTaHOBEHO, 4ye (hoTo-
CUMHTETUYHATA POMA Ha OCWUIMTe U Ha
nnesutTe e OT U3KNIUYUTESTHO T[0NAMO
3HayeHve npu popMmpaHe Ha 3bPHOTO
(Teich, 1982). 3ana3BaHeTo Ha ocuanTe,

Table 5 clearly shows that the
effects of the three components, NGS,
M1000 and LSA, neutralize the effect of
the year with regard to the index WGS.
Such data are an indication that the awns
have a key significance for the formation
of the spike productivity.

It has been determined in other cereal
crops that the photosynthetic role of the
awns and glumes is essential for the
formation of grain (Teich, 1982).
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Jopu nNpu peaykumsa Ha nctHata maca e
OT CEepuo3HO 3HayeHue, Tbii kaTo Te
ocurypsasaT M3BECTHO KOJ/IMYECTBO acwu-
MunaTy HeobxooumM 3a W3XpaHBaHETO
Ha 3bpHOTO (Nankova, Henyb6sMkKyBaHu
JaHHK). T1o TO3M HauMH Ha/IM4MeTo Ha
OCUNN Ce MnpeBpblia B MHOTO Cepuo3eH
KOMMeHCcaTopeH MexaHW3bM, KOWTO Brusie
NpsKo BbPXY BenuuMHaTa Ha kiacoBaTa
NPOAYKTMBHOCT. Hapef ¢ B3aumoBpb3kaTa,
KoATO cbuecTByBa mMexay B3K n M1000,
ponaTa Ha dpoToCuHTe3aTta OT He3bpHecTa-
Ta yacT Ha Knaca cnefa fa ce oTHece KbM
npu3HauuTe ¢ U3KNIYNTETHO BAXKHO Cefek-
LMOHHO 3HayeHwue. o To3n HaumH 6u mor-
Nna fja ce ontTumusMpa kiacosaTta Mpoayk-
TMBHOCT Ha pasnyHu amuaunionam n te
Ja 6baaT ehekTVBHO UHTPOAYLMPaHU KaTto
KYNTYPHU pacTeHus.

Keeping the awns, even if the leaf mass
is reduced, is of high importance since
they provide a certain amount of
assimilates necessary for grain nutrition
(Nankova, unpublished data). Thus the
awns become a serious compensatory
mechanism which affects directly the size
of spike productivity.

Simultaneously with the correlation
between NGS and M1000, the role of the
photosynthesis from the non-grain part of
the spike should be referred to the traits
which are of very high breeding value.
Thus, the spike productivity of the
different amphidiploids can be optimized
and they may be efficiently introduced as
cultural plants.

Ta6bnuua 5. AHa/IM3 Ha KOBapuaHCuUTe Ha MPeKMTe KOMMOHEHTU Ha knacoBaTa
NPOAYKTUBHOCT BbpPXy Nokasartessa M3K

Table 5. Analysis of the covariances of the direct components of spike
productivity on the index WGS

Source Type Il Sum of Squares df Mean Square F Sig.
Corrected Model 38.893 5 7.779 442.020 0.000
Intercept 2.311 1 2.311 131.324 0.000
B3K 6.897 1 6.897 391.895 0.000
M1000 6.139 1 6.139 348.865 0.000
OKO 0.188 1 0.188 10.681 0.002
Year 0.094 2 0.047 2.663 0.079
Error 0.950 54 0.018
Total 256.481 60
Corrected Total 39.843 59

BKK/NSS — 6poli knacueta B knac/number of spikelets per spike, OK/LS — gbmkuHa Ha knacallength of
spike, OKO/LSA — pbnxuHa Ha knaca c ocunu/length of spike with awns, B3K/NGS — 6poii 3bpHa B
knac/number of grains per spike, M1000/M1000 — maca Ha 1000 3bpHa/weight of 1000 grains, Sig. —

pocToBepHocT/significance

N3BOAN

Ha 6a3a Ha Taka npeacraBeHuTe
pe3yntatm morat fga 6baaT HarnpaBeHu
cnegHuTe U3BoaMU:

1. YcTaHOBEHO e, 4ye nokasarenurte
umMallm BeretatmseH xapakrep — bKK, OK,
OKO, NO n BKAK BapupaT cpaBHUTESTHO
cnabo Kato TeHAEeHUWs, HO C pasnuuus
CMpAMO OTAEHUTE n3cnefBaHy nepuoau.

2. MHOro BMCOKO BapupaHe e
ycTaHoBeHO npu nokasatenute MK, M3K,

CONCLUSIONS

The following conclusions can be
drawn based on the presented results:

1. It was found out that the indices
which have vegetative nature — NSS, LS,
LSA, Al and NSLS, varied comparatively
less as a tendency, although there were
differences between the investigated
periods.

2. A very high variation was
determined in the indices WS, WGS,
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B3K, PMAK n CMK, koeTo ce Ab/hKu Ha
TAXHaTa W3KIYUTENHa 3aBUCMMOCT OT
yC/i0BUSATA Ha cpefara U KOMMNIeKCHOCTTa
Ha TaxHarTa m3sBsa.

3. [ocToBepHO € BJ/IMAHMETO Ha
nepuoga Ha oTrnexgaHe BbpxXy CTOMHOC-
TUTE Ha BereTaTUBHUTE MNokasaTesin, Koe-
TO Ce CBbp3Ba C NoBulleHa 6GpaTumocT
npes 6naronpuaTHUA nepuos 3a pasBu-
TMe Ha amdwmamnionga n KomneHcatop-
HUTE MeXaHU3MU MeXAy KOMMOHEeHTUTe
Ha knacoBata NpoAyKTUBHOCT.

4. He ce HabnwogaBaT AOCTOBEPHU
pasnukn npu nokasarenute MK, MB3K,
PMAK n CMK, koeTo onpegensa nuncara
Ha B/IMAHWE HAa nepuoja Ha oTriexjaHe
BbpXY KnacoBaTta NpoAyKTUBHOCT.

5. Buabt nokassa nunca Ha Bb3-
JelicTB/e Ha cpefaTta Bbpxy cneundud-
HOTO O6WONOrMYHO OTHOowWweHne CEIMN,
KOeTo nojyepraBa CepuO3HUTE KOMMEH-
CaUMOHHN MeXaHU3MU, KOUTO CbLLecTBY-
BaT npu 1031 obpaseL.

6. AHanM3bT Ha KoBapuaHcute
nogyeprasa, 4Ye BbPXY BapupaHeTo Ha
rnokasaTens maca Ha 3bpHaTa B K/iac
CEepUo3HO B/MSIHWE oOKasBaT 6pos Ha
3bpHaTa B knac, macara Ha 1000 3bpHa u
ObXnHaTa Ha knaca ¢ ocunuTe.

7. Te3n JaHHU WNKICTPUpPAT, Ye npu
B/IOLLEHN YCNOBUA 3a opMupaHe Ha
3bpHa 1 nocnenBalloTo UM U3XpaHsaHe,
CEpVO3HO BMNSIHME KaTO KOMMNEeHcaLloHeH
MexaHu3bM  UMa  POTOCUHTETUYHUAT
anapar Ha Knaca.

8. NMoao6HN XapakTepucTukn onpe-
genat Buga Triticum xtoschevii kato
U3K/IOUYNTENHO LEHEeH U noaxogsu, 3a
BbBeXJaHe KaTo Ky/ITYpHO pacTeHue.

NGS, DWLS and MWS, which was due to
their extreme dependence on the
environmental  conditions and the
complexity of their expression.

3. The effect of the growing period
on the values of the vegetative indices
was significant and can be explained by
the greater number of productive tillers
during the period favorable for
development of the amphidiploid and by
the compensatory mechanisms between
the components of spike productivity.

4. Significant differences were not
observed in the indices WS, WGS, DWLS
and MWS and therefore there was no
effect of the growing period on spike
productivity.

5. There was no effect of the
environment on the specific biological
ratio SIEY in this species, which
emphasized the significant compensatory
mechanisms of the accession.

6. The analysis of the co-variances
underlined that the number of grains per
spike, 1000 kernel weight and the length
of spike with awns had serious influence
on the variation of the index weight of
grain per spike.

7. These data showed that under
adverse conditions for formation of grains
and their subsequent nutrition, the
photosynthetic apparatus of the spike had
a high effect as a compensatory
mechanism.

8. Such characteristics make the
species  Triticum  xtoschevii  highly
valuable and suitable for introduction as a
cultural plant.
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PE3IOME

3a [a ce ycTaHOBAT COpTOBETE TPU-
TUKanie, KOMTO CbyeTaBaT BUCOK MPOAYK-
TVBEH MOTEHUMa 1 TO/IEPAHTHOCT KbM pas-
JNINYHW BUAOBE abMOTUYEH CTPecC ca U3cnes-
BaHM 11 O6barapcks copta — Konopwur,
Atunna, Akopg, PecnekT, BymepaHr, VIpHuK,
JobpympkaHeld, JloBuaHey, [oHum 52,
Bnarosect ©n bopucnas, cenekuuMsa Ha
JobpymKaHCKn  3eMefeficki - UHCTUTYT -
leHepan TolweBo. YCTaHOBEHW ca f06UBK-
Te OT wu3cnefBaHWTe COPTOBE U TAXHaTa
CTabWHOCT NpY NOJICKA CUSIHO KOHTPACTHU
ycnoBsus Ha cpepgara B nepuoga 2015-
2017r. TlpoyyeHa e ToNepaHTHOCTTa Ha
CTpec, Karto ca MoJslyYeHn gaHHu 3a CTyAo-
YCTONUMBOCT (NPOLEHT ouefneny pacTeHus
npv 3ampassiBaHe B Kamepu npu pas/simyHu
Temnepartypu) 1 cyxoycToinumBocT (Ha 6a3a
peakumaTa Ha nokasaTennTe BUCOUYMHA Ha
pacTeHusiTa, Opoii NpPOAYKTUBHM GpaTs,
6poil 3bpHa B K1ac, mMaca Ha 3bpHaTa B
Knac, maca Ha 1000 3bpHa, npu ycnosusaTa
Ha 3acywHuk). Ha 6a3a Ha nposepfeHuTe
eKcrnepuMeHT, COpPTOBETE C Hail-ronsma
NPOAYKTUBHOCT 3a TpuUrogulleH nepuog ca
ATtnna, OoHn 52 n Bopucnas. C Haii-BMcoka
CTY[OYCTOWUYMBOCT Ce  XapaktepusumpaT
coptoBeTe PecnekT, Akopa 1 bopucnas. C
BMCOKa TOJIEPaHTHOCT Ha 3acyllaBaHe ca

SUMMARY

In order to determine the triticale
varieties, which combine high productivity
potential with tolerance to different types
of abiotic stress, 11 Bulgarian cultivars —
Kolorit, Atila, Akord, Respekt, Bumerang,
Irnik, Dobrudzhanets, Lovchanets, Doni
52, Blagovest and Borislav, developed at
Dobrudzha Agricultural Institute - General
Toshevo were investigated. Yields of
investigated cultivars and their stability are
determined in field and strong contrasting
environmental conditions during the period
2015-2017. The stress tolerance was
determined also by receiving data of
cultivars cold tolerance (as percent of
survived plants after freezing in cameras
with different temperatures) and drought
tolerance (based on reaction of the
parameters plant height, number of
productive tillers, number of grains per
spike, weight of grains per spike,
thousand kernel weight in the conditions
of rain-out shelter). Based on the
experiments with best productivity for
three year period are the cultivars Atila,
Doni 52 and Borislav. Cultivars Respekt,
Akord and Borislav were characterized
with highest cold tolerance. Cultivars Atila,
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coptoBete ATuna, bymepaHr, [obpyaxa-
Heu,. CunHo BrneyvartsieHve npasu copT [JoHu
52, KOIWTO cbyeTaBa KakTo HopmasiHa
CTY[IOyCTOMYMBOCT, Taka 1 ToNIepaHTHOCT Ha
3acylwlaBsaHe npu  BUCOK  NPOAYKTUBEH
noteHuunan. Coptosete Akopa u [loHu 52 ce
Xapaktepusaupar KaTo Hai-cTabunHu no
OTHOLIEeHNe Ha pobuBa 3bpPHO, NPU CUSHO
KOHTpacTHW ycnosus Ha cpegata. Mofo6Hu
pes3yntatM  Xapaktepusupar  COpTOBeTe
Atnna, Akopa, bywmepanr, [HoHm 52 n
Bopucnas KkaTo U3KNHUUTENHO MOCTUXEHME
npv cesniekumaTa Ha TpUTUKase U YHUKauTHO
cbyeTaHue Ha NPOAYKTMBHOCT U TOJIEpaHT-
HOCT Ha abnoTu4eH cTpec.
KnrouoBu AyMn:
abnoTuyeH cTpec, copToBe

TpUTUKane,

yBO/[,

dvHamuyHaTa cenekums Ha nos-
CKUTe KynTypy Hanara CbBpPEMEHHUTE
copToBe ga OTroBapsAT Ha peguua msmc-
kBaHuA (Chahal and Gosal, 2000). Ot
efHa CcTpaHa € MpPOAYKTUBHUAT MOTEH-
unan Ha KynTypHOTO pacTeHue, a oT
Apyra ycToumBoCTTa U TONEepaHTHOCTTa
Ha 6MOTMYEH U abuoTuyeH cTpec
(Randhawa et al., 2015). Mo paHHWM Ha
Boyer (1982) Hag 70% OT 3arybute Bbpxy
pobuBa OT KyNTypHWTE pacTeHus ce
Ab/mKaT Ha BIMAHMETO Ha abUoTUYHKA
cTpec. MNog abuoTuyeH cTpec crefpa ja ce
pasbupa BAMSHUETO Ha (haKTopuUTe Ha cpe-
fJata cBbp3aHM C MNOYBEHO-KIMMATUYHUTE
YCNOBUS BbPXY pacTexa v pasBuTUeTo Ha
pacteHneto (Cramer et al, 2011;
Arseniuk, 2015). Ocob6eHo ronsimMmo e
B/IMSHMETO Ha nofobeH Tun cTpec npu
3BbPHEHO-XUTHUTE KYNTYypH, 3a KOETO CBU-
JeTencTear cepro3eH 6poii nscneasaHns
n nyénukaumm (Ishag and Mohamed,
1996; Dhindsa et al., 2002; Goyali and
Dhindsa, 2003; Lozano del Rio et al,
2009; Dimitrijevic et al., 2011). TpuTukane
KaTo TUMMYHA 3bPHEHO-XWUTHA KynTypa
CblLLO Ce XapakTtepusupa C 4YyBCTBUTES-
HOCT KbM abuoTuueH cTpec. PasnuyHu
uscneaBaHnsa nNpu Kyntypata HeasycMmu-
C/IeHO onpejensaTt TpUTUKane Kato cpas-
HWTENHO  MO-TOMepaHTHA  KynTypa  Ha
onpegesieHn TUNOBE CTPECOBM (hakTopy —

Boomerang, Dobrudzhanets were with
high tolerance to drought. Very impressive
is cultivar Doni 52, which combines both
normal cold tolerance and drought
tolerance with high productivity potential.
Cultivars Akord and Doni 52 were most
stable with regard to grain yield under
highly contrasting conditions of the
environment. Similar results were typical
of cultivars Atila, Akord, Boomerng, Doni
52 and Borislav, which can be considered
remarkable breeding achievements and
uniqgue combinations of productivity and
tolerance to abiotic stress.

Key words: triticale, abiotic stress,
cultivars

INTRODUCTION

The dynamic breeding of field crops
requires the contemporary cultivars to
meet a number of criteria (Chahal and
Gosal, 2000). On the one hand, this is the
productivity potential of the cultural plant,
on the other — the resistance and
tolerance to biotic and abiotic stress
(Randhawa et al.,, 2015). According to
data of Boyer (1982), more than 70 % of
the yield losses from the cultural plants
are due to the effect of the abiotic stress.
Abiotic stress means the effect of the
environmental factors in connection with
the soil and climatic conditions on the
growth and development of the plants
(Cramer et al., 2011; Arseniuk, 2015).

Especially high is the effect of such a
stress on the cereal crops as evidenced
by a great number of investigations and
publications (Ishag and Mohamed, 1996;
Dhindsa et al., 2002; Goyali and Dhindsa,
2003; Lozano del Rio et al., 2009;
Dimitrijevic et al., 2011).

Triticale, being a typical cereal crop, is
susceptible to abiotic stress. Different
investigations on this crop undoubtedly
define triticale as comparatively more
tolerant to certain types of stress factors:
drought, metal toxicity, nitrogen
deficiency, as compared to the other
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3acyllaBaHe, MeTa/lHa TOKCUYHOCT, a30TeH
feduumT, CrnpsiMo  ocTaHanMTe 3bpHEHO-
XUTHU KynTypu (Arseniuk, 2015). OT gpyra
CTpaHa obaue, TpuTukane e Kyntypa,
KOATO ce OT/InYaBa CbC CPaBHUTESTHO MO-
HUCKa CTyA0YCTOMUYMBOCT U 3UMOYCTORUN-
BOCT CNpsiMO nuweHuuara n pbxra (Liu et
al., 2014). OcobeH npobnem npun KynTypa-
Ta npefcraensBa nonsaraHeTo, nopagm
CpaBHMTENHO MO-rofisMaTa BUCOYMHA Ha
pacTteHusiTa U 0COGEHOCTUTE Ha CTbO/Ie-
Hata W npuKopeHoBaTa MOpPHOIOrus.
Arseniuk (2015) nogueptaBa cpaBHUTEN-
HO BWCOKOTO MPEeAMMCTBO Ha Tputukase
3a OTrnexgaHeTo My npu pasnuyasally
Ce yc/ioBUS Ha cpepara CcrnpsMo neHu-
uata, Npu 3anasBaHe HO BUCOK MPOAYK-
TMBEH noteHumnan. MogobHn xapakrepuc-
TUKW, 3aeHO CbC CPaBHUTESTHO BMCOKaTa
NPOAYKTMBHOCT Ha KynTyparta ca npegno-
CTaBKa 3a TbPCEHETO Ha reHOTUMOoBE, KOW-
TO ga cbyeTaBaT BUCOKA NPOAYKTUBHOCT
N TONIEPaAHTHOCT Ha cTpec. CbBpPEMEHHU-
Te CefleKUMOHHN MporpaMm no TpuTukase
cnepsart TeHAEeHUMSA 3a nofgobpsiBaHe Ha
TOMepPaHTHOCTTa Ha abnoTUYEH CTPeC Npu
Kyntypara c Luen nosuwaBaHe Ha ctabun-
HOCTTa Ha jgobwumBa (Stoyanov and
Baychev, 2016a).

CopToBeTe TpuUTUKasne, Cb34afeHu
B [O6GpymKaHCKN 3emMefeniCkn WMHCTUTYT
Ce XapakTepusupar KakTO C BWCOK Mpo-
OYKTUBEH MOTeHUMas, Taka U CbC Cpas-
HUTEJTHO BUCOKa CTabu/IHOCT Ha JobuBsa.
3a TOoBa cBMAETENCTBAT NPegULLIHN K3-
cnefBaHna BbPXY TAX NPU KOHTPaCTHU
ycnosuss Ha cpepata. Baychev (2013)
nocoysa, 4ye TpuUTUKasle pearmpa CTporo
crneundunyHo B 3aBUCUMOCT OT reHoTuna
Ha pas/nMyHu BUAOBE CTpec npes3 nepuvo-
OvuTe Ha u3cnepfBaHe, Kato ce 3anassa
CpaBHUTENIHO BUCOKA MNPOAYKTUBHOCT.
Stoyanov and Baychev (2016b) gokassart
cneyndmyHoTOo BAMSIHME Ha  hakTopa
cpepa X reHotMn npu (QOpMUpPaHEeTO Ha
pobuBa OT TpuTMKasie, B KOHTPACTHM
ycnosus Ha cpegata. MNogobHu gaHHM 3a
O6b/rapcknTe COpToBE TPUTMKaIE Nog4ep-
TaBaT TAXxHaTa BMCOKA TO/IEPAHTHOCT KbM
abuoTnyeH cTpec npu MnoJICKM YCNOoBUS.

cereals (Arseniuk, 2015).

On the other hand, however, triticale is a
crop which possesses comparatively
lower cold and winter resistance than
wheat and rye (Liu et al., 2014).

A specific problem in this crop is lodging
due to the greater plant height and the

peculiarites of the stem and root
morphology.
Arseniuk (2015) underlined the

comparatively strong advantage of triticale
over wheat for maintaining a high
productivity potential when grown under
variable conditions of the environment.
Such characteristics, together with the
comparatively high productivity of triticale,
are a prerequisite for searching of
genotypes which combine productivity
and tolerance to stress.

The contemporary breeding programs of
triticale follow a tendency toward
improvement of the tolerance to abiotic
stress with the aim of enhancing the yield
stability (Stoyanov and Baychev, 2016a).

The triticale cultivars developed at
Dobrudzha Agricultural Institute possess
both high productivity potential and
comparatively  high  yield stability.
Evidence for this has been provided in
previous investigations on these cultivars
under contrasting conditions of the
environment. Baychev (2013) pointed out
that the response of triticale to different
types of stress during the investigated
periods was strictly specific and genotype-
dependent, maintaining comparatively
high level of productivity. Stoyanov and
Baychev (2016b) proved the specific
effect of the factor environment x
genotype on the formation of the yield
from triticale under contrasting
environmental conditions. Such data on
the Bulgarian triticale cultivars emphasize
their high tolerance to abiotic stress under
field conditions. Additionally, Baychev and
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HesaBucumo o1 TOoBa Baychev and
Petrova (2009), Baychev and Petrova
(2011), Petrova and Baychev (2007),
Tanchev and Baychev (2007) nokasBar,
ye OGBLArapcKUTE COPTOBE TPUTUKaE ce
OoT/iIn4aBaT U C BNCOKa na6opaTopHa CcTyao-
YCTOUMBOCT. Te3n AaHHWM Hanarat ga 6bae
CbCTaBe€Ha KOMIJIEKCHa OuUEHKa, BK/K4YBa-
la KakTo NMPOAYKTMBHOCTTa, Taka U To/ie-
paHTHOCTTa Ha cTpec. ToBa 6u pgano
BBH3MOXHOCT 3a KauyecTBeHaTa XapakTepuc-
TUKa Ha 6'bl1rapCKl/ITe COpTOBE TPpUTUKas1e ”n
oyepTaBaHe Ha TeHAeHuunTe no OTHoLle-
HWe nogobputenHata paboTta ¢ KynTypata.

Llenta Ha HacTosiLLEeTO u3cnegsaHe
€ [la ce YCTaHOBSAT COPTOBETE TpUTMKaNe,
KOMTO CcbyeTaBaT BMCOK NPOAYKTMBEH MO-
TeHUMan M TONEePaHTHOCT KbM pas/inyHu
BMAOBE abMOTUYEH CTpEC.

MATEPVAJT N METOOU

3a u3Nb/IHEHME Ha MocTaBeHarta
uen ca msnonssaHyn 11 6barapcky coprta
Tputukane (Konoput, Atuna, Akopg, Pec-
nekt, bymepaHr, VpHuk, [obpymkaHel,
NosuaHey, [MOoHu 52, bnaroBect n
Bopucnas). WscnepgsaHute 11 copta
TpuTvKane ca oTriefaHy B CNAT NOCEB B
ONUTHM Napuenu ¢ niow, 10 m2, B yeTupu
MOBTOPEHWNs, PasnosioKeHu No craHdap-
TeH 6/10KOB MeTOf, B pPaMKUTE Ha KOH-
KypceH copToB onuT. ONUTLT Ce NpoBexaa
npes 3 nocsniefoBaTe/IHN PEKONTHN FOANHN —
2014/2015, 2015/2016, 2016/2017. Cewr-
6arta e u3BbplIEHA MexaHM3MpaHo B
CTaHJapTHW cpokose 3a Tputukane (10-
15.10) c¢ rbctota 550 cemeHa Ha m2.
OcBeH MoCoYeHUTE COPTOBE B KOHKYpPC-
HWA COPTOB OMWT Ca BK/IIOYEHU CTaHdapT-
HUTEe copToBe TpuTukasie — A-7291,
BvxpeH n Paknta, KakTo M CBETOBHUTE
ctaHgapTHU Jlacko u MNpecto. Mapuenute
ca npubupaHu B MbjiHA 3PesioCT KaTo e
OoTYeTeH A06MBBT OT BCAKA NOOTAE/HO.

[aHHnTe ca 0606LeHN KaTo ca u3-
YMC/EHN CPefHUTe CTOMHOCTU NO COPTO-
BE W TOAMHW W BapuaumoHHUTE Koedu-
umeHtTn. 3a BcAKka roguHa e wussefeH
eHohaKToOpeH AMCNepPCUOHEH aHan3 no
(hakTopa reHoTwrn, Kato ca YCTaHOBEHWU

Petrova (2009, 2011), Petrova and
Baychev (2007), Tanchev and Baychev
(2007) demonstrated that the Bulgarian
triticale cultivars also have high laboratory
cold tolerance.

These data impose the necessity to make
a complex evaluation, including both
productivity and tolerance to stress. This
would allow making a qualitative
characterization of the Bulgarian triticale
cultivars and outlining the tendencies of
the improvement work on the crop.

The aim of this investigation was to
determine the triticale cultivars which
combine high productivity potential with
tolerance to different types of abiotic
stress.

MATERIAL AND METHODS

To realize the above aim, 11
Bulgarian triticale cultivars (Kolorit, Atila,
Akord, Respekt, Bumerang, Irnik,
Dobrudzhanets, Lovchanets, Doni 52,
Blagovest and Borislav) were used. The
investigated 11 triticale cultivars were
grown as a whole-surface crop in harvest
plots of 10 m? in four replications
according to a standard block design,
within a competitive varietal trial. The trial
was carried out during three successive
harvest years — 2014/2015, 2015/2016
and 2016/2017. Planting was done with
mechanical equipment within the standard
dates for triticale (10-15.10) at sowing
density 550 seeds/m?®. Apart from the
above cultivars, the competitive varietal
trial involved standard triticale cultivars
(AD-7291, Vihren and Rakita) and the
world standards Lasko and Presto. The
plots were harvested at full maturity,
measuring separately the yield from each
plot.

The data were summarized by
calculating the variation coefficients and
the means by cultivar and by year. One-
way ANOVA was performed for each year
by genotype, and the significant
differences were determined. The effects
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[OCTOBEpHUTE pas/iMki. YCTaHOBEHO e
[elicTBMeTO Ha cpejarta u reHoTmna Bbp-
Xy pobusa upes nposefeH Duncan TecT.
M3BeneH e AMMI-aHann3 no nokasarens
[O6MB KaTo € aHanM3MpaHo KOHKPETHOTO
B3aUMOLENCTBUETO cpea X reHoTwn.

OnnTHT MO CTYAOYCTONYMBOCT Ce U3-
Bexaa B JlabopaTopeH komniekc Ha A3 -
eHepan ToweBo. Bw3npueta e meToauka-
Ta no Tsenov and Petrova (1984). Crtygo-
YCTOMUMBOCTTA Ha OMNUTHUTE pacTeHus ce
CpaBHsBa CbC COpTOBETe cTaHAapTn: Mupo-
HoBcka 808, Be3octaa 1, Ne301, Pycasika,
San Pastore. Bcsaka oueHABaHa fiMHUA ce
u3nuTBa Npu TpU TemnepaTypu Ha 3ampa-
3fBaHe B 4eTMpW MOBTOPeHUA. 3a oueHka
Ha CTy[OyCTOMYMBOCTTa Ca W3MN0A3BaHU
[JaHHWTe OT TO3M TemnepaTypeH BapuaHT,
npw KOWTO cTaHJapTHUTE copToBe ce Aude-
peHuupaHn Haii-gobpe. Ha 6asa Ha Tesu
[aHHW CcOopToBEeTE ca paHryBaHw nocpep-
ctBom 6GanoBa oueHka ot 1 go 20 BBLB
Bb3XOAdl, pef KaTto Huckata CTOWHOCT
OTroBaps Ha HWCKa CTy40yCTOMYMBOCT, a
BMCOKATa OLEeHKka Ha BWUCOKa CTy[0yCTOl-
YMBOCT. 3a BCEKM reHOTUN 6a/10BUTE OLEHKU
OT U3non3BaHuTe TemnepaTypH/W BapuaHTu
Cce ocpefHsBar kaTo ce dhopMupa cpefHa
paHroBa oueHka (CPO).

OnuTLT MO CYXOYyCTOWMYMBOCT ce
usBexaa B JlabopaTopeH KOMIM/IEKC Ha
O3W - l'eHepan Toweso. PacteHuaTa ce
oTrexgar B 3acCylHUK — CTaHgapTHa
opaHxepus ¢ pasmepn 54 x 8 m. U3nut-
BaHWUTE COPTOBE Ce 3acABar B pefose,
avnrm 1 m, 0.2 m mexay pefosete, CbC
70 KbnHAemMM ceMmeHa B pepf,. Centbata ce
M3BbLpLLBA B Kpasd Ha okTomspwu. lNMonusa
Ce C MHCTaslaunsa 3a KankoBO HarnosiBaHe,
c okono 120-140 lm? 3acyweHunar
BapuaHT He ce no/svBa rMoBeye nMnpes
BeretauuaTa. KOHTPOMHUAT BapuaHT ce
nosivea npu nbpBa Bb3MOXHOCT Mpes3
nponetta (Hayasnoto Ha M. mMapT). Cnep
ToBA Ce no/avBa  PefoBHO  MNpu
HeobxoAMMOCT, C LUen ga ce u3berHe
BofeH cTpec. O6LWOTO KONMYECTBO BOoAa
3a KOHTposiMTe e 0koo 450 I/m2.

Mpe3 BeretauuAaTa ce M3BbpLIBAT
oeHoNoOrMuMM  HabnwaeHns u bGuomeT-
puuun n3mepsaHusa. OTyeTeHW ca cnefj-

of the environment and of the genotype
on the yield were established through
Duncan test. AMMI-analysis was carried
out according to the index yield, analyzing
the specific interaction environment x
genotype.

The trial for cold tolerance was
carried at the Laboratory complex of DAI
— General Toshevo. The methodology of
Tsenov and Petrova (1984) was applied.
The cold tolerance of the test plants was
compared to that of standard cultivars:
Mironovskaya 808, Bezostaya 1, No 301,
Russalka and San Pastore. Each evaluated
line was tested under three freezing
temperatures in four replications. The
data from the temperature variant, under
which  the standard cultivars were
differentiated best, were used for evaluation
of the cold tolerance. On the basis of these
data, the cultivars were ranked by using a
score from 1 to 20 in an ascending order,
the low score corresponding to low cold
tolerance, and the high — to high cold
tolerance. The means of the scores from the
applied temperature  variants  were
calculated for each genotype thus forming
the average rank assessment (ARA).

The trial for drought tolerance was
also carried out at the Laboratory complex
of DAI - General Toshevo. The plants
were grown under rain-out shelter — a
standard greenhouse construction sized
54 x 8 m. The tested cultivars were sown
in 1 m rows, with 0.2 m interspacing and
70 germinating seeds per row. Planting
was done at the end of October. The
plants were watered by a sprinkling
installation with 120-140 I/m?. The drought
variant was not irrigated during the
vegetative growth of the plants. The check
variant was watered at the first possible
moment in spring (beginning of March).
After that it was regularly irrigated when
necessary in order to avoid water stress.
The total amount of water for the checks
was about 450 I/m?.

Phenological observations and
biometric measurements were carried out
during the vegetative growth. The
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HWTE nokasaTesin BUcoYMHaTa Ha pacte-
Hueto (BP), 6poii knacose B pea, 6pow
3bpHa B knac (b3K), maca Ha 3bpHaTa B
knac (M3K), maca Ha 1000 3bpHa
(M1000). bposAT knacoBe B pen ca
TpaHcdopMMpaHn B 6GpO NPOAYKTUBHU
6pata Ha m? (BMNB), Ha 6a3a Ha
rbCcToTata Ha pacTeHusTa. 3a BCEKM OT
rnokasatenute € M3uncrieHa peaykumsata
Ha CTOMHOCTMTE Mpu 3acyllaBaHe kaTto %
OT KOHTpasiHMA BapuaHT no copmyna (1):

R=((Xc-Xs)/Xc)*100

KbAEeTo
XCc — CTOMHOCT Ha nokasaten
KOHTPO/IHMS BapuaHT

Xs — CTOIHOCT Ha nokasaTesn B 3acylleH
BapuaHT

npw

MonyyeHnTe CTOMHOCTM 3a neTTe
npusHaka 3a paHrysaHu nocpeacTBoM
6anoBa oueHka oT 1 Ao 15 BbB Bb3XO-
[SL, pep, KaTo HuckaTa CTOMHOCT OTroBa-
PS Ha HUCKa CyxOYCTOM4YMBOCT, a BUCO-
KaTa OLeHKa Ha BMCOKa CyxoycToWhun-
BOCT. 3a BCEKM FEHOTUM GA/I0BUTE OLIEHKM
OT neTTe Npu3HakKa ce ocpefHsABaT Kato ce
hopmupa cpefHa paHroea oueHka (CPO).

Ha 6a3a Ha fBeTe paHroBu OLLEHKN
€ MNOCTPOeH CTpec NNOoT, YUUTO OLEHKU
oTpassBaTr KOMOUHMpPAHETO Ha
CYXOYCTOMUYMBOCT U CTYA0YyCTOWYMBOCT B
OTAEe/IHUTE TEHOTUNU.

3a 0606WaBaHe Ha AaHHUTE U 3a

BapuauvOHHNA aHan3 e U3nosi3BaH
nporpameH npoaykt Microsoft Excel
2003, 3a AMMI-aHanm3a — IRRISTAT

4.0.2., a 3a AUCNEPCUOHHUA aHaIn3 —
IBM SPSS Statistics 19.

PE3YJITATN N OBCbXXAAHE

[aHHuTe n 3a TpuTe nepuoga no
OTHOLLUEHNE Ha MEeTeOopOosIoTMYHOTO Bpeme
(Tabnuua 1) onpegenaT kato no-6naro-
NPUATHW 3a oTrnexaaHe Ha Tputukasie 2015
n 2017 pekonTHW roauHW. Bbnpeku ToBa
onpegeneHn caktopu fasaTl Bb3MOXHOCT
Te pa ce AudpepeHuupar Mo OTHOLLeHWe
n3naBata Ha HAKOM MEeTeopOosIoTUYHKN ere-
MEHTU 1 NO HAJSIMYMETO Ha Pas/iMk1 B f06MBa.

following indices were read: plant height
(PH), number of spikes per row, humber
of grains per spike (NGS), weight of
grains per spike (WGS), 1000 kernel
weight (M1000). The number of spikes
per row were transformed to number of
productive tillers per m? (NPT) based on
the density of plants. The reduction of the
values under drought was calculated for
each index as % from the check variant
according to the formula (1):

1)

where

Xc is a value of an index in the check
variant and

Xs is a value of an index in the drought
variant

The obtained values of the five
traits were ranked using a score from 1 to
15 in an ascending order, the low value
corresponding to low drought tolerance,
and the high values — to high drought
tolerance. The means from the scores for
the five traits were calculated for each
genotype and average rank assessment
was obtained (ARA).

On the basis of the two rank
scores, a stress plot was constructed; its
scores represented the combination of
drought and cold tolerance in the
individual genotypes.

To summarize the data and to
perform variation analysis, the software
Microsoft Excel 2003 was used,
IRRISTAT 4.0.2. was applied for AMMI-
analysis, and IBM SPSS Statistics 19 -
for ANOVA.

RESULTS AND DISCUSSION

The meteorological data (Table 1)
determined harvest years 2015 and 2017
as more favorable for growing of triticale.
Nevertheless, certain factors allowed their
differentiation  with regard to the
expression of some meteorological
elements and to the yield realized by the
cultivars in the respective years.
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Ta6nvua 1. MeTeoposiorMyHa XapakTepuUcTUKa 3a nepvoga Ha npoBexiaHe Ha

eKCrnepuMeHTUTe
Table 1. Meteorological characterization of the period of the experiments
Mokasaten [Iepuog Okt Hoem Jek AHy ®eB Map Anp Mali HHu HOnum
Parameter Period Oct Nov Dec Jan Feb Mar Apr May Jun Jul
CMT,°C  2014/2015 11,2 56 31 14 20 50 10,1 16,4 194 224
AMT,°C  2015/2016 109 93 34 -08 7,3 6,8 13,2 14,7 20,9 228
2016/2017 10,6 65 -06 41 20 73 8,7 150 20,2 21,8
2014/2017 10,9 71 20 -1,2 38 6,4 10,7 154 20,2 22,3
1960/2017* 11,6 6,7 19 -03 11 46 98 152 22,1 214
CMB, mm 2014/2015 57,9 33,2 87,0 33,2 79,5 67,7 85 129 31,3 27,2
TMP, mm 2015/2016 78,3 55,1 0,4 86,3 40,7 52,7 20,8 117,1 55,7 2,8
2016/2017 72,2 43,3 12,5 48,4 27,4 48,9 38,4 29,0 87,7 66,3
2014/2017 69,5 43,9 33,3 56,0 49,2 56,4 22,6 53,0 58,2 32,1
1960/2017* 42,7 42,9 41,7 36,6 34,2 36,4 40,5 51,8 59,1 52,0

CMT/AMT - cpefHa MeceyHa Temnepartypa/average monthly temperature; CMB/TMP — cymapH# MeceyHu

Basiexu/total monthly precipitation
*MHororoguwHa TeHgeHums/Long term trend

MpoBegeHuaTr Duncan Tect no
OTHOLLUEHME Ha CpeaHus [O6MB 3a BCUYKM
uscneABaHn TrEeHOTUMOBE MO  TFOAVHM
(Tabnuua 2) gaBa BB3MOXHOCT fa ce
OTKPUAT [LOCTOBEPHWU pPas3/iUKM 3a Tpute
nepuoga. ToBa xapakrepusmpa roguHuTe
Ha OTINeXxaaHe kaTo TBbpAe KOHTPACTHU.
BrneuatnieHve npaBu nuncara Ha reHe-
pasiHa TeHAEeHUMs MO OTHOLLeHWe peak-
unsaTa Ha pobuBa Ha BCEKM OTAenNeH
reHoTun npes TpuTe nepuoga. Tosa e
CBbp3aHO C Ha/MyMe Ha B3anmopgeli-
CTBME Ha pakTopuTe cpega W reHoTun u
e npepnocTtaBka 3a Ha/MuMe Ha pas-
NMyaBalla ce cTabusiHOCT Ha gobuBa 3a
oTAenHuTe uscnegBaHu coprtose. Mpeg-
XO4HW  uU3cnedBaHWs Ha  KOMekTuBa
(Stoyanov and Baychev, 2016b) Bbpxy
ctabunHocTTa Ha pobumBa M Herosute
KOMMNOHEHTU NpPW  CWIHO KOHTPAaCTHM
YCNOBMA Ha cpefaTa BbpXy CbluuTe
copToBe nojgyeptaBar Ha/MuMeTo Ha
B/IMSIHME Ha haKkTopa cpefa X reHoTUn U
nogyepraBaTt CW/IHOTO BAUSIHWE HA roau-
HaTa Ha oTr/iexgaHe BbpXxy CTOMHOCTUTE
Ha peanusupaHns gobms. CbOTBETHO re-
HOTMNBT KaTo (pakTOp OKa3Ba CpaBHUTEN-
HO OrpaHWYeHo, HO AOCTOBEPHO B/IMSHME
BbpXy 06LIOTO BapupaHe, KOeTO e noka-
3aTesIHO 3a cxofcTBaTa B NPOAYKTUBHUSA
noTeHUvan Ha uscnegBaHutTe OT MNOCO-

The Duncan test on the mean yield
for all investigated genotypes over years
(Table 2) revealed significant differences
between the three periods. This
characterized the growing years as rather
contrasting. It is worth mentioning that a
general tendency with regard to the
reaction of the yield from each genotype

during the three periods was not
observed. This is related to the
interaction between the factors
environment and genotype and is a

prerequisite for different stability of the
yields from the separate investigated
genotypes. Previous investigations of our
team (Stoyanov and Baychev, 2016b) on
the stability of the vyield and its
components under highly contrasting
conditions of the environment of the
same cultivars outlined the presence of
the environment x genotype effect and
emphasized the strong impact of the year
of growing on the values of the realized
yield. Respectively, the genotype as a
factor had a comparatively limited but
significant effect on the total variation,
which was indicative for the similarities in
the  production potential of the
investigated cultivars of the mentioned
authors. The data of Stoyanov and
Baychev (2016c) clearly emphasized the
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yeHUTe aBTOpWU copToBe. [aHHWTEe Ha
Stoyanov and Baychev (2016c) kaTero-
pvYHO nogdyepTasar (pakTa, Ye MpooykK-
TUBHUAT NoTeHuman Ha 11 ot 16Te u3-
cnejBaHn OT NOCOYEHUTE aBTOPWU COPTO-
Be ce hopmmpar OCHOBHO OT nokasartens
6poii 3bpHa B K1ac, AOKaTo NMPOAYKTMB-
Hata OpatMMmocT M Macata Ha 1000
3bpHa MMaT BTOPOCTENEHHO 3HauyeHue.
[o6VBbT B TO3M Chyyali KaTo KOMMIeKCcHa
BENMYMHA [0 roisiMa cTeneH 6vBa noguu-
HeH Ha ycnoBsusATa Ha cpejarta W B3avMmo-
[ecTBNeTO Ha reHotuna c Hesl. Mogo6Hu
JaHHM ce nogyeptaBaT OT MHOrO m3cneg-
BaHVSA BbPXY pas/IMuHN COPTOBE TPUTUKAIE

fact that the productivity potential of 11
out of the 16 investigated cultivars of the
mentioned authors was formed mainly by
the index number of grains per spike,
while the number of productive tillers and
1000 kernel weight were of secondary
importance. The yield in this case, being
a complex value, was to a large extent
subject to the conditions of the
environment and the interaction of the
genotype with it. Similar data have been
pointed out in numerous researches on
different triticale cultivars (Dhindsa et al.,
2002; Goyali and Dhindsa, 2003; Lozano
del Rio et al., 2009).

(Dhindsa et al., 2002; Goyali and Dhindsa,
2003; Lozano del Rio et al., 2009).

Tabnvua 2. laHHN 3a NPOAYKTMBHOCTTa Ha U3cneaBaHnUTe COpToBe TpUTHKasle
Table 2. Data on the productivity of the investigated triticale cultivars

FognHa/Year 2014/2015 2015/2016 2016/2017 CpepHo/Average

eHoTMn/Genotype Y Ve Y Ve Y Ve Y Ve
kg/da % kg/da % kg/da % kg/da %

CpepeH ctaHgapT* bede
Mean standard* 654 - 535 - 683 - 624 -
AL-7291/AD-7291 589 8,02 59610,75 602 9,27 596" 8,57
BuxpeH/Vihren 58414,92 540 593 63112,98 585" 12,90
Pakuta/Rakita 72512,69 529 6,97 73510,76 663°" 18,02
Nacko/Lasko 765 502 455 9,49 614 6,83 611" 22,48
MpecTo/Presto 771 7,92 43614,51 681 6,18 630°% 24,86
Konoput/Kolorit 685 7,13 543 514 6441573 624" % 1396
Atuna/Atila 763 3,49 63213,96 757 4,12 717" 11,29
Akopga/Akord 767 8,43 552 6,98 691 6,13 670% 15,43
Pecnekt/Respekt 704 9,51 32023,63 679 4,39 567% 33,74
BymepaHr/Bumerang 7791254  42425,03 776 7,14 659%" 29,10
VpHuk/Irnik 79312,93 5211445 603 7,74  639°° 21,66
[o6pymxkaHeu/Dobrudzhanets 64324,90 46911,57 770 6,97 627°% 2532
JloBuaHeu/Lovchanets 62615,73 37818,50 564 5,12 522% 24,42
JoHun 52/Doni 52 80315,72 611 6,80 745 6,99 720" 15,60
BnaroeecT/Blagovest 74711,51 5431599 713 6,24 667 17,28
Bopucnas/Borislav 83910,39 605 7,73 711 6,51 718" 16,02
CpepgHo/Average 724 509 682 638
LSD 0,05 38,1 43,5 32,5 -
LSD 0,01 50,1 57,1 42,8 -
LSD 0,001 64,0 73,0 54,6 -

* CpegHUAT cTaHaapT e hopmypaH KaTto cpegHa CTOMHOCT OT Ao6KBMTE Ha copToBeTe BuxpeH n Paknta

* The mean standard is formed as a mean value from the yields of cultivars Vihren and Rakita

Y — po6wuslyield; VC — BapuaumoHeH koedpmumeHT/coefficient of variation; LSD — Hali-mManka gokasaHa
pasnuka/least significant difference
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PeakuuaTa Ha copToBeTe mMakap u
pasHoobpa3Ha npes3 TpuTe uW3crefBaHu
nepvoga, Aasa Bb3MOXHOCT [ia ce onpe-
Oenat TeHAeHUMW B pamMkuTe Ha AajeH
reHotun. B TOoBa OTHOLWIEHWE cOpTOBETE
Atnna, AoHn 52 wn BbopucnaB kartero-
pU4YHO npesyLLaBaT JOCTOBEPHO CpeaHus
cTaHfapT 3a gobwms, cboTBeTHO ¢ 93, 96
1 94 kg/da npyu MHOro BUCOKa [oka3aHoCT
Ha pas/ivkuTe U npes TPUTE PEeKONTHU
roguHu. Toea e BUAHO kakTo OT Duncan
Tecta, Taka U OT MUHUMasIHUTE [AO0CTO-
BEpPHM pasNnkM 3a TpuTe HMBa Ha «.
MpaBu BrevatneHve, 4ye npe3 nbpeaTa
pekonTHa roguHa rossgMa yacTt OoT CopTo-
BeTe (11 ot 16, Tabnuuya 2) npesnaBat
[OCTOBEPHO cpefHus ctaHaapTt. Tosa e
Taka, Tbil KaTo ycnoBusATa Ha cpejarta ca
U3K/TIOUUTENHO NOAXOAALWN 3a pa3BuTmne-
TO Ha pacTeHusiTa U Te ycnsaeaT ga Ao-
CTUrHaT CBOS NPOAYKTUBEH NOTEHUMan.
Makap BMCOK/M [06MBU fa ce oTyuTaT U
npe3 2017 roguHa, TO nopagu cneuwu-
hMYHUTE YCNOBUS Ha OTIIeXaaHe camo
5 ot 16 copta (Tabnunua 2) npesuwasart
cpefHua ctaHgapt. CbOTBETHO COpTOBE
kato Konoput, LobpymkaHel, n JloBya-
Hel, ce xapakTepusupaT Kato W3KIun-
Te/IHO HEOT3MBYMBK CMPAMO roguHarta Ha
oTrnexjaHe M 4YeCTO ca Ha HMBOTO Ha
cpefHvs cTaHaapT unu nop Hero. Jlvnca
Ha reHepasHa TeHZeHUmMA ce Habnwaasa
npu coptoBe Kato Pecnekt, BymepaHr,
VpHuk. TaxHaTa peakums no OTHOLIEHWe
Ha pobuBa e TBbpAe cneumdumyHa U B
pamkuTe Ha u3cnefBaHua nepuog He
MOXe fa 6bAe KOHKpeTusvMpaH AafeH
MoZen 3a TdAxHata NpPoOAYKTMBHOCT.
MogobHa peakuuss e oOTyeTeHa U B
npeaxogHn uscneasaHus (Stoyanov and
Baychev, 2016c). CneunguyHo nosegeHue
umar coptoesete Akopa W BnarosecTt. B
OBbTOCPOYEH NNaH pasNnyHn u3cneaBaHus
nogyeprasaT TeEXHUTE CTabWUNHN JOOGMBK NO
roguHn (Stoyanov and Baychev, 2016a).
Bbnpekn ToBa B KOHTPACTHM YCNOBUSA Ha
cpefaTa B fAafieHa rofvHa, AaHHUTE ca
TBbpAE npoTuBopeumsun. Pesyntatute oT
npoeegeHnss Duncan TecT (Tabnuua 2) m
pobnmkasat no gobms Ao Aouu 52, Atnna
n bopucnae, HO NpV HWBO Ha BEPOSTHOCT

The response of the cultivars,
although variable during the three
investigated periods, allowed outlining
tendencies within a certain genotype. In
this respect cultivars Atila, Doni 52 and
Borislav significantly exceeded the mean
standard of yield, respectively with 93, 96
and 94 kg/da at a very high level of
significance in all three harvest years.
This is evident both from the Duncan test
and from the minimal significant
differences for the three levels of a. It is
noteworthy that during the first harvest
year a large part of the cultivars (11 out of
16, Table 2) significantly exceeded the
mean standard. This is so because the
conditions of the environment were very
favorable for the development of the
plants and they managed to realize their
productivity potential. Although the yields
were high in 2017, too, only 5 out of 16
cultivars (Table 2) exceeded the mean
standard due to the specific growing
conditions. Respectively, cultivars such
as Kolorit, Dobrudzhanets and
Lovchanets are characterized as
extremely unresponsive to the year of
growing and are often at the level of the
mean standard or below it. Cultivars such
as Respect, Boomerang and Irnik also
did not outline a general tendency. Their
response with regard to yield was rather
specific and within the investigated period
a certain model of their productivity could
not be defined. Similar response has
been observed in previous investigations
(Stoyanov and Baychev, 2016c).
Cultivars  Accord and Blagovest
demonstrated specific behavior. In a
long-term aspect, different investigations
have emphasized their stable yields over
years (Stoyanov and Baychev, 2016a).
Nevertheless, under contrasting
conditions of the environment in certain
years, the obtained data are rather
contradictory. Their results from the
Duncan test (Table 2) approximate the
results for the yield of cultivar Doni 52,
Atila and Borislav, but at a level of
probability a little below 95%. This makes
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Masnko nog 95%. ToBa npaBu ABaTa re-
HOTMNA YHUKaNHA MO CBOATA MPOAYKTUB-

HOCT, MOAXOAALLM 3a YC/TOBUS Ha cpepaTa
Nno-ckopo 6MM3KM A0  MHOroroguiLHaTa
TEHAEHUMS.

Pesyntatute or AMMI mogensT
(durypa 1) kaTeropnyHo noguyepTasaT
pesynrtaTute 3a fo6usa 1 4OCTOBEPHOCT-
Ta Ha pas/iMkute 3a TpUTE PEKONTHU
roouHW Npu uscreBaHNUTe COpToBE TpU-
TvKane.

AW 1 DIFLDT D7 MA 4 ZITCCTS SRS TZRACTIONS

g

12

the
productivity and suitable for

two genotypes unique by their
growing

under conditions of the environment
which are closer to the long-term
tendency.

The results from the AMMI model
(Figure 1) clearly confirmed the results of
the vyield and the significance of the
differences between the three harvest
years in the investigated triticale cultivars.

10

i ®

-4 16
14
S 3 6 7
c
& ¢
9 1

-z

®

e 530 =50

&30 &30

MEANS

our. 1. AMMI1 6unnoT, cbhyeTaBaly, NPOAYKTUBHOCT U CTabUNHOCT Ha Jo6uBa
Fig. 1. AMMI1 biplot for combined productivity and stability of yield.

FeHotunu: 1. AQ-7291; 2. BuxpeH; 3. Pakuta; 4. Jlacko; 5. MNpecto; 6. Konoput; 7. ATuna; 8. AKopg,
9. PecnekT; 10. bymepanr; 11. WpHuk; 12. Nob6pymxaHey, 13. JfloBuaHel,; 14. Lonu 52; 15. BnarosecT;
16. Bopucnas. FoguHm (B YepBeHuTe Kpbrose): 1. 2014/2015; 2. 2015/2016; 3. 2016/2017

Genotypes: 1. AL-7291; 2. Vihren; 3. Rakita; 4. Lasko; 5. Presto; 6. Kolorit; 7. Atila; 8. Akord; 9. Respekt;
10. Boomerang; 11. Irnik; 12. Dobrudzhanets; 13. Lovchanets; 14. Doni 52; 15. Blagovest; 16. Borislav.
Years (in red circles): 1. 2014/2015; 2. 2015/2016; 3. 2016/2017

fICHO ce ouyepTasBaT BWCOKOMPO-AYKTUB-
HUTE W cTabuiHW reHoTunose — ATUNA,
Akopg, OoHn 52, bnarosecT 1 bopucnas.
Te3n copToBeE KaTeropuMyHo ce andepeH-
uupat no csos A06MB M CTAaBUHOCT Ha
Jobusa cnpsamo Konoput, JobpymkaHeLl,
NosuaHew, VpHUK, cBeTOBHUTE cTaHaap-
T Nlacko u lpecTto u ctaHgaptTute Al-
7291 n BuxpeH, KOUTO ce xapakTepusn-
part cbc cnaba NPoAyKTUBHOCT U cTabun-

The high-yielding and stable genotypes
Atila, Akord, Doni 52, Blagovest and
Borislav were clearly outlined. These
cultivars were clearly differentiated by
their yield and its stability from cultivars
Kolorit, Dobrudzhanets, Lovchanets,
Irnik, the world standards Lasko and
Presto and the standards AA-7291 and
Vihren, which demonstrated low
productivity and stability during the period
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HOCT 3a nepvofa Ha nscnensaHeto. Tosa
nogyeprasa 3HaYeHWETO Ha KOHTPACTHU-
Te YC/IOBMA Ha cpepfaTta 3a pasrpaHnyaBa-
HEeTO Ha reHOTMMOBETE MO TAXHaTa npo-
OyKTMBHOCT. B npegxofHO w3cneaBaHe
(Stoyanov and Baychev, 2016b) Bbpxy
CblUMTE reHOoTUNoBe ce CcbobliaBat UAeH-
TUYHM pe3ynTatu. ToBa AaBa OCHOBaHWE
Ja ce 3akIwuun, ye copToBe kato ATwuna,
[oHun 52 n bopucnas nputexasaT YHUKaUI-
Ha CcnocobHOCT fJa peanusmpaT BUCOKU
[O6GVBM MNpV  CWIHO pas/iMuyaBaliyn ce
yC/10BMSl Ha cpejarta.

PeanusnpaHeTto Ha BWCOK MNOTEH-
uuan 3a gobrs Npu KOHTPACTHU YC/I0BUA
Ha oTrnexaaHe npegnosara BUCOKa TO-
NepaHTHOCT KbM KOMMNJIEKC OT abnoTUYHK
oakTtopm (Arseniuk, 2015). EgHM OT Haii-
BaXXHW OT CeJIeKUMOHHa rfefHa Touka
cTpecoBu hakTopu ce CBbLP3BAaT C B/MA-
HMETO Ha HUCKUTe TemnepaTtypu U npo-
OB/DKUTENIHOTO NOYBEHO M aTMocepHo
3acylwaBaHe (Stoyanov et al., 2015).
Mopagn Tasn npuyuHa CTyAoyCcTonuu-
BOCTTa N CyXOYCTONYMBOCTTA Ca K/HOHOBU
€/IeMeHTM M0 OTHOLWIEHVE Ha nocTuraHe
Ha BMCOKONPOAYKTMBEH 1 CTabuNeH reHo-
TN MPU 3UMHOTO XEeKCan/ougHO TPUTK-
kane (Stoyanov et al., 2015). MNMogo6Hn
CeNEeKLMOHHN TEeHAEHLMM ca nojyepTaHu
n ot Randhawa et al. (2015). 3cnepnga-
HUTE COpTOBE TpUTMKaNe nokassar pas-
HoObOpas3Ha peakuns KakTo no OTHOLIEeHne
Ha CyXOyCcTOYMBOCTTa, Taka W CnpsmMo
cBOsiTa CTyAoycToumBocT. [JaHHuTe 3a
peakumaTa Ha HAKOW OT KOMMOHEHTUTE Ha
NPOAYKTUBHOCTTA NpU TpUTUKaSIE KbM
3acyllaBaHe ca nokasaHu B Tabnmua 3.

JaHHnTe, npeacrtaBeHn kaTo pe-
OYKUMA Ha CTOMHOCTUTE Ha JafeH noka-
3aTen npu 3acyllasaHe CnpsAMo HarnosiBa-
HaTa KOHTpO/sa fasart npeacrasa 3a cne-
umdmnyHaTa peakuns Ha BCEKU KOHKpPeTeH
reHOTUN KbM AENCTBMETO Ha CTPecoBus
¢hakTop. Mo OTHOLWEHME Ha BUCOYMHATA
Ha pacTeHusiTa NPOLEHTa Ha peakuusaTa
€ CpaBHUTE/IHO HUCBK — Mexay 20 wn
30%. Bbnpekn ToBa NOAO06GHO MOHMXaBa-
He Ha BMCOYMHaTa e CBbp3aHo C LAIOCT-
HO HamasnsiBaHe Ha BeretaTtMBHaTa maca
Ha pacTeHusaTa, a OTTaM W C OrpaHu-

of investigation. This emphasized the
importance of the contrasting conditions
of the environment for the differentiation
of the genotypes according to their
productivity. In a previous investigation
on the same genotypes (Stoyanov and
Baychev, 2016b), identical results were
reported. This allows the conclusion that
cultivars Atila, Doni 52 and Borislav
possess the unique ability to realize high
yields under highly variable conditions of
the environment.

The realization of a high potential
for yield wunder contrasting growing
conditions implies high tolerance to a
complex of abiotic factors (Arseniuk,
2015). From a breeding point of view,
some of the most important stress factors
are related to the effect of the low
temperatures and the duration of the soil
and air drought (Stoyanov et al., 2015).

Therefore the cold tolerance and the
drought tolerance are key elements with
regard to obtaining a high-yielding and
stable genotype of winter hexaploid
triticale (Stoyanov et al., 2015).

Similar breeding tendencies have been
pointed out in the researches of
Randhawa et al. (2015). The investigated
triticale cultivars showed variable reaction
both with regard to drought and cold
tolerance. The data on the response to
drought of some of the productivity
components in triticale are given in Table 3.

The data presented as reduction of
the values of a given index under drought
according to the irrigated check variant
give an idea about the specific response
of each genotype to the action of the
stress factor. Concerning plant height, the
percent of the response was
comparatively low — between 20 and 30
%. Nevertheless, such decrease of the
plant height is related to an overall
decrease of the vegetative mass of the
plants and hence — to reduction of their
photosynthetic apparatus (Pinheiro and
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yaBaHe Ha (POTOCUMHTETUYHMA anapaT Ha
pactenHneto (Pinheiro and Chaves,
2011). MNopagu Tasyn NpuyYMHa NO-rossiMo
pefyuMpaHe Ha BuUcoYMHaTa  CnpsaMo
KOHTPO/IHMA BapuaHT Ce CBbp3Ba C Mo-
OrpaHNYeHn MPOAYKTUBHU BBb3MOXHOCTMU.
Haii-cunHo pearnpart Ha 3acywaBaHe no
TO3W nokasaTten copTtoBeTe  Akopg,
Atuna, Bymepanr n BnarosecT, a Hali-
cna6bo Konoput, VpHuk, JobpymxaHey, v
Bopucnas (Tabnuua 3). Mo OTHOWeEHME
Ha cTaHJapTUTe W CBETOBHWTE cTaHgap-
TV, eguHcTBeHOo Pakuta pearvpa B Mo-
rosiiMa CTeneH Ha 3acyluaBaHeTo.

Chaves, 2011).

Therefore, the greater reduction of the
plant height according to the check
variant is related to a more limited
productivity potential. According to this
index, highest was the reaction to drought
of cultivars Akord, Atila, Boomerang and
Blagovest, and lowest — of cultivars
Kolorit, Irnik, Dobrudzhanets and Borislav
(Table 3).With regard to the national and
world standards, only Rakita had a higher
reaction.

Tabnuua 3. Pegykuma Ha w3scniegBaHuTe npu3Haum B % B pe3yaTtaT Ha
3acyliaBaHe, No OTHOLLEHMe Ha HarnosiBaHaTa KoOHTposia

Table 3. Reduction of the investigated traits in % resulting from drought in
comparison to the irrigated check variant

FeHoTun BP BB B3K M3K M1000 CPO

Genotype PH NPT NGS WGS M1000 ARA
AL-7291/AD-7291 28,5* 22,7 46,6 42,7 -8,3 134
BuxpeH/Vihren 26,9 11,3 53,6 57,4 8,8 9,6
Pakuta/Rakita 32,2 42,0 49,6 53,4 55 7,4
Nacko/Lasko 29,3 30,3 41,3 50,5 17,8 10,4
Konoput/Kolorit 29,9 32,6 54,6 61,0 14,5 5,0
Atnnal/Atila 32,4 26,2 49,8 53,7 7.9 8,2
Akoppa/Akord 35,1 46,1 57,2 56,9 13,7 3,4
Pecnekt/Respekt 30,5 38,0 48,8 56,9 19,0 6,2
BymepaHr/Bumerang 32,2 28,0 46,7 52,6 11,3 9,0
pHuk/Irnik 28,0 37,9 51,8 57,1 11,4 7.4
[o6pymxkaHeu/Dobrudzhanets 28,0 12,6 47,4 52,5 9,8 11,8
JNloBuaHeu/Lovchanets 30,4 25,8 52,2 62,2 23,6 5,4
[JoHun 52/Doni 52 31,0 29,4 51,6 49,3 -3,2 9,8
BnaroeecT/Blagovest 31,7 31,0 44,1 55,7 21,3 7,2
Bopucnas/Borislav 29,3 46,4 42,3 59,0 29,5 5,8

BP/PH — BucounHa Ha pactenusTal/plant height; BINB/NPT — 6poii npogykTneBHu 6pata/number of productive
tillers; B3K/INGS — 6poii 3bpHa B knac/number of grains per spike; M3K/WGS — maca Ha 3bpHaTa B
Knac/weight of grains per spike; M1000/M1000 — maca Ha 1000 3bpHa/thousand kernel weight; CPO/ARA —
cpejHa paHrosa oLeHka/average rank assessment

*B 60714 ca npeAcTaBeHW Haii-afekBaTHUTE peakumu Ha 3acywasaHe/In Bold are presented the most
adequate reaction to drought.

BposiT Ha NpoayKTMBHUTE 6GpaTtsa e
(hakTop, KOWTO CbLO Ce NoBnusiBa B ro-
nsiMa cTeneH oT 3acylwaBaHeTo (Petrova
and Penchev, 2014). ToBa e Taka, Tbli
KaTo peayumpaHumaT 6poli bpaTsa e edoek-
TMBEH MeXaHW3bM 3a pasnpeensiHe Ha
OorpaHVYeHNTe pecypcu Nno BpPeMe Ha

The number of productive tillers is
a factor, which was also largely affected
by drought (Petrova and Penchev, 2014).
This was so because the reduced
number of tillers is an effective
mechanism for distribution of the limited
resources for the duration of the limiting
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JecTBME Ha nuMmuTupawms  aktop
(Blum et al., 1990). Haii-cunHa peakuns B
TOBa OTHOLWeHWe peanusupar PakuTa,
Akopa, Pecnekrt, WpHuk un bBopucnas.
Hali-ethekTuBHa € peakymsaTa Ha cywa
npn Atuna, bymepadr, [LobpymkaHel,
NoBuaney, JoHn 52 (Tabnvua 3).
CraHpaptute AL-7291 n BuxpeH cbLyo
pearmpat cnabo Ha nokasaTesnsi, HO Te
umart CK/IOHHOCT Aa 6paTtaT cpaBHUTESTHO
cnabo, KOeTo e M MpuyMHa 3a MpakTu-
Yecku siMnca Ha pegykumst B NPOAYKTMB-
HOTO BpaTeHe.

W3knountesiHo cunHa e peakymsata
KbM 3acyllasaHe npu nokasarenute b3K
n M3K — mexgy 40 n 60%. bposar Ha
3bpHaTa B K1ac ce pegyumpa MHOro cui-
HO Mpu 3acyllaBaHe, Tbii kaTo k1acoBeTe
ce pasBMBaT W3KMNOYUTENHO clabo u
doopmupaT MasbK 6poi hepTnaHu knac-
yeta (Petrova and Penchev, 2014). Ot
Apyra cTpaHa nuncata Ha [ocTaTbyHO
B/flara e npuvyMHa 3a W3KIHYUTENHOTO
B/IMSIHWE BbpXYy npoLecuTe Ha onpaLl-
BaHe W onjoxpaHe, Tbil kaTo Te ce
BUAAT [0 ronsiMa cTeneH ot ycnosusata
Ha cpeparta. Hali-cunHo Ha 3acyllaBaHe
pearnpaTt copTtoseTe BuxpeH, Kosiopwur,
Akopg, WpHuk, JloBuyaHey, n [oHu 52.
Cnaba peakuus nposiBaBaT PakuTa,
Nacko, Atnna, Pecnekt, bymepaHr, bna-
rosecT n bopucnas (Tabnuua 3). Bbnpe-
KA TOBa, knacoBaTa MPOAYKTMBHOCT B
LWMPOK CMUCBN Ce onpegens u ot
NMpoLEecnTe Ha Ha/IMBaHEe Ha 3bpPHOTO M
y3psiBaHe. Mpu Hannume Ha 3acyllaBaHe
Ha/IMBaHETO U y3psBaHeTO ca CWIHO
cbkpateHn kato nepuopg (Petrova and
Penchev, 2014), koeTo kpaiiHO Hebnaro-
npuATCTBa NPOAYKTUBHOCTTA KaTo UsAso.
Mopaan Tasu npuynHa CopToBE, KOWUTO B
yCNnoBusiTa Ha [AelicTBUE Ha CTPECcoBMS
pakTop ca peanManpaav No-mMasko peay-
uupaHe Ha 6pos Ha 3bpHaTa (PecnexT,
Bnarosect n BopwucnaB) ce xapaktepu-
3upart CbC CU/THA pedykumusa Ha MacaTa Ha
3bpHaTta B knac. OT gpyra cTpaHa copTo-
Be, KOUTO MMaT Mo-rofisMo pegyLumpaHe
Ha 6pos Ha 3bpHaTa B Knac, ce OTNu-
yaBar C No-4o6po nsxpaHBaHe Ha 3bPHO-

factor (Blum et al., 1990). In this respect
cultivars Rakita, Akord, Respect, Irnik
and Borislav realized the highest
reaction. Most efficient was the response
to drought of Atila, Boomerang,
Dobrudzhanets, Lovchanets and Doni 52
(Table 3). The standards A-7291 and
Vihren also had a low response to the
index, but they followed a tendency of
forming a comparatively low number of
tillers, which is the reason for the
practical absence of a reduction in the
productive tillering.

Very strong was the reaction to
drought of the indices NGS and WGS —
between 40 and 60 %. The number of
grains per spike decreased very strongly
under drought because the spikes
developed very poorly and formed a
small number of fertile spikelets (Petrova
and Penchev, 2014). On the other hand,
the insufficient moisture was the reason
for the extreme effect on the processes of
pollination and fertilization since they are
to a high degree influenced by the
environment. Cultivars Vihren, Kolorit,
Akord, Irnik, Lovchanets and Doni 52
were with the highest response to
drought. Low response was
demonstrated by Rakita, Lasko, Atila,
Respect, Boomerang, Blagovest and
Borislav (Table 3). Nevertheless, the
broad-sense spike productivity was
determined also by the processes of
grain-filling and maturation. In the
presence of drought, grain filling and
maturation were considerably shorter
(Petrova and Penchev, 2014) which was
extremely unfavorable for productivity as
a whole. Therefore, the cultivars realizing
less decrease in the number of grains per
spike under the effect of the stress factor
(Respekt, Blagovest and Borislav) were
with highly reduced weight of grains per
spike.

On the other hand, the cultivars
with greater reduction in the number of
grains per spike had better nutrition of the
grain with higher values of WGS. Cultivar
Doni 52 demonstrated such a reaction.
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TO W MO-BMCOKM CTOMHOCTM Ha M3K.
MopgobHa peakuus uma [MOoHn 52. OT
nuscnegBaHnTe CoOpToBe C A06pa peakums
KbM 3acylwaBaHe crnpsamo M3K ce otnmua-
BaT coprtoBeTe ATtuna, bymepanr, Lobpy-
DkaHel, 1 [oHn 52. ToBa noBefeHue ce
CBbp3Ba U C pesyntartuTe 3a peakumsaTta Ha
M1000 kaTo nokasaTtesi, KOWTO MpsKo ce
B/IMSIe OT MPOLECHT Ha HaMBaHe Ha
3bPHOTO U y3psiBaHeTo. CopToBeTe ATuNa,
Bymepatr, OobpymkaHely n [JoHn 52 3a
nscneaBaHus Nepuos ce xapakrepusupart u
C fob6pa peakumst no oTHoweHne Ha M1000
(Tabnuua 3). Cnab oTroBop Ha 3acyllaBa-
He umat copTtoBe Kato Kosnoput, Akopa,
PecnekTt, JfloBuaHey, Bnarosect u Bbopwu-
CnaB Npu yCNoBUATa Ha ekcneprvMeHTa.
[JaHHnTe 3a peakuuAaTa Ha oTaen-
HW nokasaTesin KaTto Uusan0 AaBaT Bb3-
MOXHOCT fla ce npocnean TBbpae rons-
MOTO BapupaHe W nunca Ha reHepasaHa
TeHAeHuMA 3a nogpexgaHeTro Ha copTo-
BETe Mo TAXHaTa KOMIM/IEKCHAa TOJiepaHT-
HOCT KbM 3acyluiaBaHe. Pesyntatute ot
paHryBaHeTo Ha n3cfiefBaHnTe reHoTunm
(Tabnuua 3, CPO) naBat Bb3MOXHOCT fa
ce npocnenu KOMIMEKcHata peakuns
KbM CTpecoBus hakTop B KOSIMYECTBEHO
OTHOLUEeHMe. 3a pamMKuUTe Ha MNpoBefeHuns
€KCMEPUMEHT KaTo HaW-CyxoyCToUuuBM ce
oTnnyaBaT coptoBeTe Atuna, bymepar,
LobpympkaHel, OoHn 52, ctaHgaptute ALl-
7291 v BuxpeH 1 cBeToBHMA cTaHaapT Jlac-
Ko. CbOTBETHO C He3aJoBO/MTENIHA CYXO-
ycToiiumBocT ca Konoput, Akopg, PecnekT,
WpHuK, JloBuaHel, BnarosecT n bopucnas.
3aefHO CbC CYXOYCTOMUYMBOCTTA,
TO/IepPaHTHOCTTa KbM HUCKW Temnepartypu
e [APYrMAT U3KNIUYUTENTHO BadkeH npus-
Hak, KOWTO pa3paboTBaHUTE COPTOBE
TpuTUKane cnegsa fda nputexasaT
(Randhawa et al., 2015; CtosiHOB 1 ap.,
2015). laHHMTe OT NpoBefieHns ekcnepu-
MEHT Mpu YC/IOBMATA Ha [Be pas/nyHn
HuBa Ha 3akanaBaHe (Tabnuua 4) nokas-
BaT M3BECTHWU Pas3/iMku No OTHOLLEHWNE Ha
cTygoycrtoiiymBocTTa. Mpu ycnosuaTa Ha
2015/2016 Hain-gobpo AamdepeHumnpaHe
Ha CcTaHfapTuTe M CbOTBETHO Bb3MOX-
HOCT ¥ 3a pasrpaHvyaBaHe Ha OTAesiHuUTe
reHoTUNU TPUTUKasle NOo TAXHaTa CTyAo-

Among the investigated cultivars, Atila,
Dobrudzhanets ana Doni 52 were with
good response to drought according to
WGS. This behavior was related to the
results of the response of M1000 as an
index directly influenced by the process
of grain filling and maturation. Cultivars
Atila, Boomerang, Dobrudzhanets and
Doni 52 showed also a good reaction with
regard to M1000 during the investigated
period (Table 3). Low response to
drought was demonstrated by cultivars
Kolorit, Akord, Respect, Lovchanets,
Blagovest and Borislav under the
conditions of this experiment.

The data on the reaction of the
individual indices as a whole allowed
following the rather wide variation and the
absence of a general tendency in the
ranking of the cultivars by their complex
tolerance to drought. The results from the
ranking of the investigated genotypes
(Table 3, ARA) also allowed following the
complex response to the stress factor in a
quantitative respect.Within this
experiment, the most drought resistant
cultivars  were  Atila, Boomerang,
Dobrudzhanets, Doni 52, the national
standards A-7291 and Vihren, and the
world standard Lasko. Respectively,
cultivars Kolorit, Akord, Respekt, Irnik,
Lovchanets, Blagovest and Borislav were
with insufficient drought tolerance.

In  parallel with the drought
tolerance, the tolerance to low
temperatures is the other very important
trait which the developed triticale cultivars
should possess (Randhawa et al., 2015;
Stoyanov et al., 2015). The data from the
experiment, under conditions of two
different levels of hardening (Table 4),
revealed certain differences with regard
to cold tolerance. Under the conditions of
2015/2016, the best differentiation of the
standards and respectively a possibility to
differentiate  the individual triticale
genotypes by their cold tolerance, was
observed at temperature -12°C and at the
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YCTONYMBOCT ce Habnwgasa npu temne-
patypa -12°C 1 NnoBTOPHO 3ampassiBaHe.
C Hail-pobpa oOTyeTeHa CTyAO0yCTOW-
UMBOCT ca coprtoBeTe Akopa, Pecnekr,
JobpympkaHed, [oHn 52 n bopucnas. Ha
HMBOTO Ha MupoHoBcka 808 e PecnekT,
mexay MwupoHomBscka 808 n besoctasa 1 —
bopucnaBs, a Ha HMBOTO Ha besoctasa 1 —
Akopa, [LobpymkaHey un JoHn 52. Cbe
3a0BONMNTENHA  CTYyAOYCTOWYMBOCT  Ha
HMBOTO Ha Ne301 ca BymepaHr, JloByaHel,
n BnarosecT.

second freezing. Cultivars  Akord,
Respekt, Dobrudzhanets, Doni 52 and
Borislav were with the best readings for
cold tolerance. Cultivar Mironovskaya
808 was at the level of Respekt, cultivar
Borislav — between Mironovskaya 808
and Bezostaya 1, and cultivars Akord,
Dobrudzhanets and Doni 52 were at the
level of Bezostaya 1. With moderate cold
tolerance at the level of No301 are
Bumerang, Lovchanets and Blagovest.

Tabnuua 4. CTyaOoyCTOMUMBOCT Ha COpPTOBE TpUTUKasie B % cCnpsAMO npuetute
cTaHfapTV 06MKHOBEHA 3MMHA MNLeH1La
Table 4. Cold resistance of triticale cultivars, %, according to common winter

wheat standards

Bpoii ouenenu pacteHus

'eHoTun / Genotype 2015/2016  2016/2017 222
-12° ** -19,6°

AL-7291/AD-7291 44,6 71,3 9,2
BuxpeHr/Vihren 29,6 72,8 9,4
Pakuta/Rakita 21,4 63,8 52
Nacko/Lasko 37,6 65,8 8,4
Konopwut/Kolorit 26,4 37,3 1,6
Atnnal/Atila 20,6 65,5 6,8
Akopa/Akord 56,8 67,5 15,2
Pecnekt/Respekt 83,8 92,5 19,2
BymepaHr/Bumerang 39,6 71,3 13,2
NpHuk/Irnik 26,4 63,0 6,4
[o6pympkaHeu/Dobrudzhanets 53,0 60,3 9
NosuyaHeu/Lovchanets 41,4 42,0 9
JoHun 52/Doni 52 50,6 65,5 10,4
Bnarosect/Blagovest 41,0 55,5 8,2
Bopucnas/Borislav 70,0 65,8 15
MwupoHoBckas 808/Mironovska 808 78,4 92,3 -
Be3ocTas 1/Bezostaya 1 53,2 76,8 -
Ne 301/No 301 43,0 70,0 -
Pycanka/Rusalka 34,3 64,0 -
San Pastore 12,6 47,8 -

** cnefi NOBTOPHO 3ampa3ssBaHe
** after second freezing

CPO/ARA - cpefHa paHroBa oLeHKa/average rank assessment

Mpu ycnosuata Ha 2016/2017
cTaHgapTuTe ce AaudpepeHumpar Haii-
[obpe npu Temnepatypa -19,6°C. C Hali-
[obpa cTyaoycTORYMBOCT Ce XapaKTepu-
3upatr Pecnekt wu BymepaHr, kaTto

Under the conditions of 2016/2017,
the standards differentiated best at
temperature -19.6° C. Cultivars Respekt
and Boomerang demonstrated the best
cold tolerance, Respect being again at
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PecnekT OTHOBO e Ha HMBOTO Ha Mwupo-
HoBcka 808, a bymepaHr mexay beso-
ctad 1 n Ne301. AkopA CbLO Nokassa
CTY[O0yCTOMUYMBOCT 6/1M3Ka A0 Tasu Ha
Ne301. N3cnegBaHusaTa Ha Baychev and
Petrova (2009), Baychev and Petrova
(2011), Petrova and Baychev (2007),
rnokassar, 4Ye COpPTOBETE MMaT CXxojHa
peakuus. Cnopef CbluMTe aBTOpK
Pecnekt e Ha HMBOTO Ha MwupoHOBCKa
808, Akoppg — Ha HMBOTO Ha besocrtas 1,
BymepaHr — Ha HMBOTO Ha Ne301. ToBa
rnokassa, 4ye Te3u COPTOBE B YyC/OBMUATA
Ha pasfINyHN HMBA Ha 3akassiBaHe npes
pasnuyasally ce roanHN cnensart naeH-
TUYHM TeHgeHumun. MopobHu pesynTtaTtu
ca cbobLaBaHn 1 3a ApyrM reHoTunose
TpuTtukane (Liu et al., 2014), a cbL0 Taka
U npu Oob6MKHOBEHaTa 3MMHa nuweHuua
(Petrova et al., 1997).

[JaHHuTe 3a cpepgHata paHrosa
oueHka no crtygoycTtoiiumeocT (Tabnuua
4, CPO) ca hopmnpaHu Ha 6a3a Tewmre-
patypute Ha 3ampassiBaHe, npu KouTo e
nocTurHato Ao6po HMBO Ha AudepeHun-
paHe Ha cTaHfapTuTte. 3cnegsaHuTe reHo-
TUMOBE 3a YC/0BUSITA Ha NPOBEAEHUSI eKC-
neprMeHT nokasear BUCoKa 1 Aobpa cTyao-
YCTOWYMBOCT KaTO eAMHCTBEHO KonopwT u
WpHWK peanusvpaTt CTy[0yCTONUMBOCT Ha
HVMBOTO WK MO-HUCKA OT cTaHAapTa Pycan-
ka. ToBa nokassa BMCOKa €(PEeKTVBHOCT Ha
CeNnekuMoHHUs npouec Mo OTHOLUeHue
nofo6psiBaHETO Ha TOMEPAHTHOCTTA KbM
HUCKV TemMneparypu.

MonyyeHnte pesyntatm 3a Cyxoy-
CTOMYMBOCT U cTygoycToiumnsocT (Tabnmuya
3 1 4) paBaT OCHOBaHWe fa ce TBbPAU, Ye
npu ycnoBusTa Ha MpOBEAEHUTE MOJICKO-
nabopaTopHN eKCcnepumeHTW onpeaeneHu
reHoTUMM MokasBaT B OnpejenieHa CTeneH
BMCOKa TO/IEPaAHTHOCT Ha CTyA M Ha cyla.
TBbpAEe PasHONOCOUHUTE AaHHM obaye He
[aBaT Bb3MOXHOCT fla Ce CbCTaBU AMPEKT-
HO OUeHka, 3a [06poTO cbhyeTaBaHe Ha
[ABaTta npusHaka. Ha ®urypa 2 e npeacta-
BEH CTpec NfoT, KOWTO unlcTpupa efHo-
BPEMEHHO paHroBWTE OLEHKM Ha pBaTta
npusHaka — CyXOyCTOMUYMBOCT W CTyAO-
YCTOMYMBOCT. $FICHO Ce OTKposiBa pasHo-
06pa3sHOTO CcbuyeTaBaHe Ha HuBaTa Ha

the level of Mironovskaya 808, and
Boomerang — between Bezostaya 1 and
No 301. Akord also showed cold
tolerance close to that of No 301. The
investigations of Baychev and Petrova
(2009, 2011) and Petrova and Baychev
(2007) reveal that the cultivars had
similar response. According to these
authors, cultivar Respekt is at the level of
Mironovskaya 808, Akord — at the level of
Bezostaya 1, and Boomerang — at the
level of No 301. This shows that the
above cultivars followed a similar
tendency under different levels of
hardening during different years. Similar
results have been reported for other
triticale genotypes, (Liu et al., 2014) and
also for common winter wheat varieties
(Petrova et al., 1997).

The data on the cold tolerance
average rank assessment (Table 4, ARA)
were based on the freezing temperatures,
and a good level of differentiation of the
standards was reached. The investigated
genotypes demonstrated high and good
cold tolerance under the conditions of the
experiment, only Kolorit and Irnik
realizing cold tolerance at the level of or
lower than the standard Russalka.

This revealed a high efficiency of the

breeding process with regard to
improvement of the tolerance to low
temperatures.

The obtained results on the

drought tolerance and the cold tolerance
(Table 3 and 4) allowed the assumption
that under the conditions of the field and
laboratory experiments carried out,
certain genotypes demonstrated a degree
of higher tolerance to cold and drought.
The rather diverse data, however, did not
allow a direct assessment for good
combination of the two traits. Figure 2
presents a stress plot illustrating the
simultaneous ranking of the two traits —
drought resistance and cold tolerance.
The variable combination of the levels of
tolerance to the two types of stress was
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TONEepaHTHOCT KbM ABaTa BuAa CTpec, Kato
ChblleBpeMeHHO ce o06ocobaBaT rpynu,
KOWUTO [OEMOHCTpMpar Wan He onpegeseHa
yCTOMYMBOCT. 3a ycnoBusATa Ha nposeje-
HVUS eKkcnepuMeHT Hai-gobpo cbyeTaHue
Ha CTyf[o- U CyXOyCcTOMYMBOCT ce Habnaa-
Ba npu coptosete [oHn 52 n BymepaHr.
CnepBa pa ce nogyeprae, ye ABarta reHo-
TMNa Ce XxapakTtepusupar W Kato BUCOKO-
NpoAyKTMBHKW, a [loHn 52 ce oTnmMyaBa u ¢
MHOFO BUCOKa CTabunHoOCT Ha pgobusa
(Stoyanov and Baychev, 2016b). ToBa
JaBa Bb3MOXHOCT, copT [oHun 52 pa ce
OLEHN KaTO M3K/IYMTENTHO OT3UBYMB KbM
YyCNnoBuATa Ha OTINexgaHe n C BUCOKU
noTeHUManHn Bb3MOXHOCTM 3a peasnsa-
UM B NpakTukara.

clear and distinct, and simultaneously
groups were formed which demonstrated
(or did not) certain resistance. Under the
conditions of this experiment, the best
combination of cold and drought
resistance was observed in cultivars Doni
52 and Boomerang. It should be pointed
out that the two genotypes are
characterized as high-yielding as well,
and Doni 52 possesses in addition very
high vyield stability (Stoyanov and
Baychev, 2016b). This allows assessing
cultivar Doni 52 as exceptionally
responsive to the growing conditions and
with  high  potential for practical
realization.

Crpec nnor Stress plot
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Fig. 2. Stress plot of combined ranks of cold and drought resistance

Fenotunu: 1. AL-7291; 2. BuxpeH; 3. Pakuta; 4. Jlacko, 6. Konoput; 7. Atnna; 8. Akopf; 9. PecnekT,
10. bBymepatr; 11. VpHuk; 12. JobpymkaHel; 13. NloBuaHel,; 14. lonn 52; 15. bnarosecT; 16. bopucnas.
Genotypes: 1. A-7291; 2. Vihren; 3. Rakita; 4. Lasko; 6. Kolorit;

7. Atila; 8. Akord; 9. Respekt; 10. Boomerang; 11. Irnik; 12. Dobrudzhanets; 13. Lovchanets; 14. Doni 52;

15. Blagovest; 16. Borislav.

Bu1coKonpoAyKTUBHN COPTOBE KaTo
Akopa v bopucnas nputexasaT U MHOIO
[obpa cTyaoycTonumBocT, a copT Atnna
n JobpymkaHel, cbyeTaBaT NPOAYKTUB-

High-yielding cultivars such as
Akord and Borislav possess very good
cold tolerance as well, while cultivars
Atila and Dobrudzhanets combine
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HOCT C BMCOKa CyXOYyCTONYMBOCT. Bnevar-
NeHne npasu n copT Bnarosect, KOWTO
BbMNpekn oTpuuaTenHuTe pesyntatu, KomTo
nokassa 3a yc/ioBuATa Ha noJsicko-raéopa-
TOPHUTE eKCNepUuMEHTN ce XapakTepusupa
C BMCOKa MPOAYKTUBHOCT U CTAbW/THOCT.

MocouyeHuTe pe3yntaTy SICHO Mokas-
BaT, 4Ye LefneHacoyeHara CesieKLMOHHO-
nogob6bputenHa pabota BbpXy OCHOBHUTE
hakTopu, BOJeWW [0 MNOBULIABAHE Ha
NPOAYKTUBHOCTTA HEMUHYEMO Ce CBbp3Bart
W C nosuLaBaHe Ha cTtabuiHoCcTTa u Toe-
paHTHOCTTa Ha cTpec. CBETOBHUTE Cceflek-
UMOHHW nporpamMy  HeMuHyemo cregsart
cxogHn TeHpeHumn (Randhawa et al.,
2015), KoeTO nokasBa, 4Ye TpuTukase e
KynTypa C BMCOKM Bb3MOXHOCTW 3a [06uB
[OpU NpU CUNHO KOHTpacTMpaliy ycrioBus
Ha cpegata (Stoyanov and Baychev,
2016a). CbBpeMeHHUTE Gbrapckm copTo-
BE B TOBa OTHOLLEHWE YCMNeLHO cbyeTaBar
NPOAYKTUBHOCT, CTabW/IHOCT, TO/MepaHT-
HOCT Ha cyLua ¥ CTy[, KOeTO KaTeropuyHo rv
npespblia B MNOCTUXEHWE Ha CbBPEMEH-
Hata cesflekumsa 1 U3KIIYUTENEH NPOAYKT,
KOWTO Hamupa nogobaBallo MSCTO B
NpaKTMYyeckoTo 3eMeenue.

n3BOAM

Ha 6as3a Ha Taka npepgcraseHuTe
pesyntatn, moraT ga 6baar HanpaseHu
cnefHuTe U3BOAW:

1. C Hali-BMCOKa NpPOAYKTUBHOCT
CpefHoO 3a Tpu nepuoga Ha u3nuTBaHe
NPy KOHTPacTHU YCNOBMSA Ha cpefata ce
oT/inmyasaT coptoBeTe ATtuna, [loHn 52 u
Bopucnas, npn BMCOKO HMBO Ha fAoKa3a-
HOCT Ha pasfiMKiTe CrnpamMo CcpegHus
CTaHAapT W CBETOBHUA CTaHdapT 3a
NPOAYKTUBHOCT Jlacko.

2. Bucoka ctabunHocT Ha gobuea
npu ycsioBuAaTa Ha NpoBefeHuTe OnuTU
JeMoHcTpupaT coptoseTe Akopd, [oHu
52, bnarosecT 1 bopucnas B cbyeTaHue
C BMCOKA NPOAYKTUBHOCT.

3. CoprtoBete ATtuna, bywmepaHr,
[obpymkaHey, ©n  [oHu 52 nokassar
BMCOKM HMBA Ha CyXOYCTOMYMBOCT CNPAMO
CTPYKTYPHUTE KOMMOHEHTW Ha [06uBa,
npw ycnosuaATa Ha nposefeHns
EeKCMepUMEHT.

productivity with high drought resistance.
Cultivar Blagovest is also noteworthy,
which, in spite of the negative results
from the filed and laboratory tests,
possesses high productivity and stability.

The above results clearly show that
the purposeful breeding and improvement
work on the main factors leading to
higher productivity is imminently related
to higher stability and tolerance to stress.

The world breeding programs inevitably
follow similar tendencies (Randhawa et
al., 2015), which is an evidence that
triticale is a crop of high potential for yield
even under highly contrasting
environments (Stoyanov and Baychev,

2016a). The contemporary Bulgarian
cultivars successfully combine in this
respect  productivity, stability and

tolerance to drought and cold, which
definitely makes them a modern breeding
achievement and an exceptional product
with a place of their own in the agrarian
practice.

CONCLUSIONS
Based on the above results, the
following conclusions can be made:

1. Cultivars Atila, Doni 52 and
Borislav demonstrated highest
productivity, averaged for the three

periods of investigation under contrasting
conditions of the environment, at a high
level of significance of the differences in
comparison to the mean standard and the
world productivity standard Lasko.

2. Cultivars Akord, Doni 52,
Blagovest and Borislav showed high
stability of yield under the conditions of
the trials carried out, in combination with
high productivity.

3. Cultivars Atila, Boomerang,
Dobrudzhanets and Doni 52 exhibited
high levels of drought resistance

according to the structural components of
yield under the conditions of this
experiment.
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4. WN3KNWUnTesIHO BUCOKa CTyao-
YCTOMYMBOCT MpU Pas/IMyHN H1BA Ha 3aka-
NnsiBaHe [eMOoHCTpupaTt coptosBeTe Pec-

4. Extremely high cold tolerance
under different levels of hardening was
demonstrated by cultivars Respekt, Akord

nekt, Akopa, bBopucnas, a pgobpa

cTygoycTonumsocT — [loHn 52 n bymepaHr.
5. MNpwn ycnosusaTa Ha nposefeHUTe

ONUTK U eKCnepuMeHTN [06po chyeTaHue

and Borislav, and cultivars Doni 52 and
Boomerang showed good cold tolerance.

5. Under the conditions of the
experiments and the tests carried out,

Ha MPOAYKTUBHOCT, CTabunHocT, Tose- | cultivars Boomerang and Doni 52
paHTHOCT Ha CcTygq W cywa nokasgart | demonstrated good  combination  of
coptoBeTe bymepaHr v [JoHn 52, koeTo ru | productivity, stability, cold and drought
xapaktepusupa kato nocTmkeHue Ha | tolerance,  which  makes them an

cenekuusTa Ha TpUTVKane B Bbarapus. achievement of triticale breeding in Bulgaria.
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