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PE3IOME

ABUOTUYHUAT U BUOTUYHUAT CTpec
ca (paktopu C ronsAMO BAWUSHWE BBPXY
CBETOBHOTO 3eMe/jiesnive nopagm orpomMHu-
Te WKOHOMWYECKM 3aryéu no OTHOLleHue
Ha KynTypHuTe pacTeHus. B ycnosusta
Ha NpoBefeH CbA0B eKnepumMeHT B NPK-
MneeseH (2011-2012 r.), 10-gHeBeH ne-
pvog, Ha BOAHUAT AednumnT 1 HanageHve-
TO OT TETPaHMXOBMW akapy UMaT CUSTHO U3-
paseHo HeraTvBHO B/VSIHWE BbPXY pa3Bu-
THeTo Ha cos (copT Puun). PegyumpaHeTo
B MPOAYKTMBHOCTTA Ha COeBUTE pacTeHusi
e ¢ 16,5 n 21.0 % cboTBETHO, a npu
B3aVMOAEeNCTBMETO Ha ABaTa haktopa —
€ 41.9%. Mo oTHOLIEHNE Ha Bpoii 1 Terno
Ha nucTtaTa/pacTteHne, n oopmmpaHa 6u1o-
mMaca, € YCTaHOBEHO 3HauuTes/IHO BUA-
H/Ye Ha (hakTopa pexum Ha HanosiBaHe.
Mo-ronam gsn ot obwoTo BapupaHe Mo
OTHOLLEHME Ha BMCOYMHATa Ha pacTeHue
n 6posa rpyakm vma paktopbT akapw.
CoeBuUTe pacTeHUsI C HaUI0XEH BOAEH Je-
hvumuT 1M HanageHne OT akapu nokassart
MoBMLLIEHA €KO/IorMYHa CcTabuiHOCT Ha

SUMMARY

Abiotic and biotic stress are factors
with a great impact on world agriculture
because of the enormous economic
losses in regard to crop plants. In
conditions of a pot experiment conducted
in IFC-Pleven (2011-2012), a 10-day
period of water deficit and attack by spider
mites had a strong pronounced negative
effect on the development of soybean
(variety Richy). The reduction in
productivity of biomass was by 16.5 and
21.0% respectively, and under the
interaction of the two factors — by 41.9%.
In regard to number and weight of the
leaves per plant, and productivity of
aboveground mass was found a
significant effect of the mode of irrigation.
A greater part of the total variation in
terms of plant height and number of
nodules had the factor spider mites.
Soybean plants, which are developing in
conditions of water deficit and attack of
spider mites exhibited an increased
ecological stability of productivity as

139



NpPoAyKTUBHOCTTA B CpaBHEHME C pacTe-
HUATA, OTIIEeXAAaHW NPU ONTUMAaIIHW YClo-
BMA Ha cpefaTa. Yc/ioBusiTa Ha CTpec
NPOMEHSIT CTeneHTa MW Xapaktepa Ha
3aBMCMMOCT MeXay NpoAyKTUBHOCTTA U
OCcHoBHMTE U Npu3Haum npu coata. Kope-
nauuniTte mMexay npusHauuTe npu camo-
CTOSITENTHO AeiicTBME HA BOAEH AepnuumuT
M Ha akapw ca CW/IHO U3paseHn U C BUCO-
KW CTOMHOCTM, AOKATO MpK 6NaronpusiTH
YC/IOBMA T€ UMAT 3HAYMTESTHO MO-HUCKU
CTOMHOCTW.

KntouoBu aymun: BofeH aeduuuT,
akapu, NpoAyKTUBHOCT, CTABUMHOCT, cosA

yBO/[,

PacTteHusATa ce pasBuBat B cpeaa,
KbAETO YECTO Ca U3/IOKEHU Ha Pas3NYHU
ctpecoBu paktopu (Atkinson and Urwin,
2012). AbuoTnyHuTEe cTpec hakTopu Kato
cywa, TOMJuHa, 3acoNeHoCT W Apyru,
MUMaT OrpOMHO B/IUSIHNE BbPXY CBETOBHO-
To 3emepenue. lNpegnonara ce, ye Te
HamasnsBaTt cpegHute ao6umsn ¢ > 50%
npy OCHOBHWTE pacTuTenHu Bugose (Wang
et al, 2003). 3acywaBaHeTo, KOeTO e
CBbpP3aHO C NapHWKOBUS edekT ”n e
NMPUYUHEHO OT r106a/HOTO 3aMbpcsBaHe
Ha aTmocchepaTa, € eguH OT Hali-Hebna-
rONpUATHUTE CTPECOBW (pakTopu Ha OKOI-
HaTta cpepga (Yordanov et al., 2012). B
JONb/IHEHME Ha ToBa pacTeHuATa ca
06eKkT Ha HanafeHue OT LWKMpOKa rama oT
BpeautTenu n natoreHn (rob6uukn, Gakte-
pumn, BMPYCK, YepBEUN) U PaCTUTESTHOALHN
Hacekomun (Hammond-Kosack and Jones,
2000). BuotnuHuTe cTpec pakTopn ca
OCHOBEH (hOKYC Ha peamua nscnegsaHus,
nopagn OrpOMHUTE WKOHOMUYECKW 3ary-
61, NPUYNHEHN MO OTHOLUEHWE Ha KyNTy-
pute (Atkinson and Urwin, 2012). Bcekn
CTpec npean3BMKBa KOMIMIEKC OT NPOSBU
(mopchonormyHmn, GMOXMMUYHK, EU3N0N0-
rMYHM) OT CTpaHa Ha pacTeHueTo, C uen
npegoTepaTsaBaHe Ha nNoBpeauTe 1 rapaH-
TUpaHe oLuensBaHeTo My, HO Te O06WKHO-
BEHO pegyuupar pactexa u pobusa
(Herms and Mattson, 1992).

Pa3nunyHuTe cTpec haktopn yecto
ce nosiBsBaT U Aeinctear B KOMOMHaUUSA

compared to plants, grown under optimal
environmental conditions. The stress
conditions changed the extent and nature
of the dependence between productivity
and its main traits in soybeans. The
correlations between the traits under an
individual action of water deficit and
spider mites were highly expressed, with
high values, while under favorable
conditions, they had considerably lower
values.

Key words: water deficit, mites,
productivity, stability, soybeans

INTRODUCTION

Plants grow and develop in
environments where they are often
exposed to different stress factors
(Atkinson and Urwin, 2012). Abiotic stress
factors such as drought, heat, salinity etc
have a huge impact on the world farming.
It has been suggested that they decrease
average yields by >50% in most main
crop species (Wang et al, 2003).
Drought, which is connected to the
greenhouse effect and is caused by the
global atmosphere pollution, is one of the
most unfavorable environmental stress
factors (Yordanov et al., 2012).

Further, plants are an object of infestation
by a vast range of pests and pathogens
(fungi, bacteria, viruses, nematodes) and
herbivorous insects (Hammond-Kosack
and Jones, 2000). Biotic stress factors are
a major focus of a number of researches
due to the huge economic losses, which
they cause in terms of crops (Atkinson
and Urwin, 2012).

Any stress causes a set of manifestations
(morphological, biochemical,
physiological) from the side of the plant in
order to prevent damages and to ensure a
survival, but they wusually result in
reducing the growth and yield (Herms and
Mattson, 1992).

Various stress factors often appear
and act in combination (Niinemets, 2010).
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(Niinemets, 2010). MocnegHn AaHHU no-
KasBar, Ye pacTeHusTa pearmpar pasny-
HO MNPV KOMMJIEKCHO [AeiCcTBME Ha CTpec
(hakTopu, B CpaBHEHUE C peakuuaTa uv
npyu unguemnayaneH crtpec (Atkinson and
Urwin, 2012). Heobxoauma e npoMsiHa Ha
dookyca B M3cfiefBaHeTo Ha pacTUTesHuS
CTpec, 3a ga ce pasbepe CbLHOCTTa Ha
peakuunTe cnep MHOrohakTopeH CTpec 1
Ja ce cb3gadaTr Bb3MOXHOCTW 3a pacTte-
HWUs (BUOOBE, COPTOBE), KOWTO ca Tosie-
PaHTHW WX NO-MaJsIKO YyBCTBUTENHW KbM
nofo6eH cTpec M NoAAbPXAT BUCOKU A0-
6uen (Atkinson and Urwin, 2012). Cnopeg
Larcher (1987) cTpechbT CbAbpXa KakTo ge-
CTPYKTUBHU, Taka ¥ KOHCTPYKTUBHU €/lEMEH-
TW, @ CbLO Taka TOW e CesleKUMOHEH (hak-
TOp, KaKTo 1 ABWXeLla cuia 3a NoBuLIeHa
YCTOUMBOCT M afanTMBHA EBOJIOLUS.

LlenTa Ha npoBedeHUs ekcnepu-
MEHT € Ja ce Mpoy4u B/IUSHWETO Ha BO-
AeH aedununTt, TETPAHNXOBM akapu n TSX-
HOTO B3aMMOZEeNCcTBME BbPXY MPOAYKTUB-
HOCTTa 1 CTabu/IHOCTTa Ha CoS.

MATEPWNAN N METO4WA

Mpe3s nepuopga 2011-2012 r. e
n3BefeH Cb0B ONUT B CTOMaHEHO-CTbK-
neHa opaHxepusa B NOK-IMneseH. U3non-
3BaHu ca cbaose (Tun BarHep) kato BbB
BCEKV efVH ca oTrnexaaHu no 4 pacre-
Hua cos (copT Puun). PasButmeTo Ha
Haf3emMHata Maca Ha Kynatypara W
CBbp3aH/W C Hes napameTpu e npocre-
[eHo noj BAWSHWE akTopuTe BOAEH
aetmumt (+BA) n akapu (+A), Kakto u
TAXHOTO B3ammogencTeme(+BA+A). KoH-
Tpona Ha onWTa e BapuaHT, Mpu KOWTO
pacTeHusATa ca OTrnexzaaHun B YC/I0BUSA Ha
ONTUMasIHO HarnosiBaHe U B OTCbCTBUE Ha
akapu (-BO-A).

Cnepn 3acsiBaHeTO Ha cemeHaTa U
NMOHVKBAHe, BCUYKN pacTeHus nosiyyasar
e/[lHaKBO KOMMYeCTBO BOAa 3a NoAdbpxa-
He Ha onTMMasiHa MoyYBeHa BNAXHOCT [0
Kpass Ha pasa R5 (Febr and Cavinesi,
1977) koraTo Mpu 4acT OT BapuaHTuTe e
HanoXeH BOAEH AeduunT upe3 Hamans-
BaHe c 1/2 Ha HanosiBaHeTo. Cnepg 10-
[OHEBHO 3acyllaBaHe onTuMasiHaTa Bnax-

Recent data shows that under the
simultaneous action of stress factors, the
plants respond differently compared with
how they respond to individual stress
(Atkinson and Urwin, 2012). There is a
need for a change of focus in plant stress
research, in order to understand the
nature of multiple stress responses and to
create avenues for plants (species,
varieties) that are tolerant or less sensitive
to multiple stresses and maintain high
yields (Atkinson and Urwin, 2012).
According to Larcher (1987), stress
includes both destructive and constructive
elements, and also stress is a selection
factor as well as a driving force for
improved resistance and adaptive
evolution.

The aim of this study was to study
the effect of water deficit, spider mites and
their interaction on productivity and
stability parameters in soybeans.

MATERIAL AND METHODS

During the period 2011-2012 was
conducted a pot experiment in a steel-
glass greenhouse, at the IFC Pleven.
Containers (type Wagner) have been
used and in any one of them were grown
4 plants of soybeans (variety Richy). The
development of the aboveground mass in
soybeans and its related parameters were
monitored under influence of factors water
deficit (+WD) and mites (+M), and their
interaction (+WD+M). The control of the
experiment was variant in which plants
were grown in conditions of optimal
irrigation and in the absence of mites
(-WD-M).

After sowing the seed and their
germination, all plants received the same
amount of water to be maintained the
optimal soil moisture until the end of
phase R5 (Febr and Cavinesi, 1977),
when in a part of the variants was
imposed water deficit by reducing with 1/2
of irrigation norm. After a 10-day drought,
the optimum soil moisture was restored.
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HOCT Ha noysarta e Bb3cTaHoBeHa. [lony-
naumoHHaTa MJIbTHOCT Ha TeTpPaHUXoBUTE
akapu Tetranychus atlanticus Mc Gregor
(Acari: Tetranychidae) e npocnegeHa npu
ectecTBeH (hOH Ha 3apassBaHe. Te ce
nosiesiBat BbB (pasza R1 (nonynaumoHHa
NABTHOCT OT cpefHo 1.0 6p. /nuctye) m
pocturat go 124 n 65 6p./nuctye (CLOT-
BETHO B YC/I0BMS Ha BOAeH AeduuuT u
npu HanosieaHe) B kpas Ha pasa R5.

BapnaHtn — KoHTpona (-BA-A):
nonueHu ycnosus, 6e3 akapu; BopgeH
nedonumt, 6e3 akapu (+Bf); Akapu, npu
HanosieaHe (+A); BogeH pgeduunt un
Akapu (+B[+A). Bb3 ocHOBa Ha Hasloxe-
HUS BOAEH aeduunT M HanageHueto ot
akapu e usuncneH KoeUUMEHTBT Ha
WHTEH3MBHOCT Ha cTpeca (D) (Fischer and
Maurer, 1978), uMsiTO CTOHOCT B YC/O-
BUATA Ha HaACTOAWMA eKCNepyMeHT e
cpegHa (D = 0.55). B kpas Ha ha3a R6 ca
OTYETEHU CnegHNTe nokasartesiv: NPoaykK-
TMBHOCT Ha Haj3emMHa 6uomaca (g/plant),
BMCOYMHA Ha pacTeHne (cm), ©6poli
nucTa/pacteHue, Terno Ha nucta/pacTeHune
(g/plant), rpygkoo6pasysaHe (number/plant).
CbObpXaHMeTO Ha CypoB TNpOTEUMH B
nuctata Ha  COeBWTE  pacTeHuss e
onpegeneHo no metoaa Ha Kengan (AOAC,
2010).

3a cratuctuyecka o6paboTka Ha
JaHHUTe e M3Mnon3BaH AUCNepCUOHEeH aHa-
M3 MO OTHOLUEHWE Ha BCEKU Mpu3HaK 3a
ycTaHoBABaHe edekTUTe Ha BapuaHTuTe u
TAXHOTO B3aumogeiictBue. CTabunHocTTa
Ha BapvaHTUTe 3a BCEKM u3cnenBaH npus-
HaKk e oueHeHa C [ABa Buia napameTpu:
perpecuoHeH (bi) no mogena Ha Finlay and
Wilkinson (1963) n BapuaHceH — cpefeH
KoMnoHeHTeH BapuaHc (PP) no Plaisted and
Peterson (1959), ekoBaneHca (W% Ha
Wricke (1965) n Annicchiarico (1992). Cb-
rnacHo Plaisted and Peterson (1959) cpeg-
HUAT BapwaHc, MW34uC/leH 4pes3 pair-wise
aHanus3, e Msipka 3a OTHOCUTE/IHOTO Yydac-
TMe Ha BapuaHTa BbB B3aMMOLENCTBMETO.
MeToabT Ha Annicchiarico nsnonssa MHAEKC
Ha HagexpgHocT (Wi), KOTO oueHsiBa Be-
posATHOCTTa eAUH BapuaHT fa ce npeacTasu
noj, CpefHOTO 3a OKoJiHaTa cpefa HUBO Unn
noA, UM3Non3BaHWs KOHTPOJIEH BapuaHT.

The population density of spider mites
Tetranychus atlanticus Mc Gregor (Acari:
Tetranychidae) was recorded at natural
infestation background. They appeared at
stage R1 (population density of average
1.0 number/leaflet) and reached to 124
and 65 number/leaflet (respectively in
conditions of water deficit and irrigation) at
the end of stage R5.

Variants —  Control (-WD-A):
irrigation, without mites; Water deficit
(without  mites)(+WD); Mites (under

irrigation) (+A); Water deficit and Mites
(+WD+M). Based on the imposed water
deficit and the mite infestation, was
calculated the coefficient of stress
intensity (D) (Fischer and Maurer, 1978),
whose value in conditions of this
experiment was mean (D = 0.55).

The productivity of aboveground mass
(g/plant), plant height (cm), the numbers
of leaves per plant, leaf weight (g/plant),
nodulation (number/plant), were reported
at the end of phase R6. The content of
crude protein in the leaves of soy plants
was determined by the method of Kjeldahl
(AOAC, 2010).

For statistical data processing was
used dispersion analysis for each trait for
determining the effects of the variants and
their interaction. Stability of the variants for
each studied trait was evaluated with two
types of parameters: regression (bi)
according to the model of Finlay and
Wilkinson (1963) and variance - mean-
variance component (PP) according to
Plaisted and Peterson (1959); ecovalence
(W?) of Wricke (1965) and Annicchiarico
(1992). According to Plaisted and Peterson
(1959), the mean-variance component (PP),
computed through pair-wise analysis, was a
measure of a variety's contribution in the
total interaction. The Annicchiarico’s method
uses a reliability index (Wi) which estimates
the probability of a particular variant to
present itself below the environmental
average or below of the control variant used.
The GGE biplot model was done through
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GGE 6unnoT aHanu3bT € U3BbLPLUEH 4pes
M3non3BaHe Ha uucneHata CTOMHOCT Ha
nbpBuTe fBa MNPUHUMNANHA KOMMOHEHTM
(PC1, PC2) (Yan, 2002). Bcuukn gaHHu ca
cTatucTuyeckm obpaboTeHn c nporpamHus
npoaykt GENES 2009.7.0 3a Windows XP
(Cruz, 2009).

PE3YJITATN N OBCBbXAJAHE

AHanns Ha BapuaHca

Pesyntatute 0T  AMCNEPCUOHHMSA
aHa/IM3 Ha u3cnefBaHUTe npusHaum ca
npeacTtaseHy B Tabnuua 1. 3a BCUUKM Npus-
Haun paktopute A (pexmnm Ha HanosiBaHe)
n B (TeTpaHnxoBW akapu) umart LOCTOBEPHO
BNMsHME. CTaTUCTUYECKM [0Ka3aHo e B3au-
MoJencTBreTo Mexay chaktopute no OTHO-
lWeHVe Ha nucTHaTa maca W rpygkoo6pa-
3yBaHeTo. [pun 6poit u Terno Ha naucrtaTta Ha
pacteHue, 1 NPOAYKTUBHOCTTA Ha HaA3eMHa
mMaca Ha pacTeHue, e YCTaHOBEHO 3Hauu-
TENHO BAMSIHME Ha peXuma Ha HanosiBaHe
(Purypa 1), kaTto nNpy npusHaka Terno Ha
nuctata/pacteHne pgoctura go 65.60% ot
06LL0TO BapupaHe.

Mpu3HauuTe BUCOYMHA Ha pacTeHue
1 Gpoii rpyakMTe Ha pacTeHune ce BAUAST B
no-rofisiMa cTeneH OT Ha/IMYMETO Ha akapu
(59.81%, 45.50%). Hail-cuiHO uspaseHo e
NMPOLEHTHOTO YyyacTuWe Ha B/USHWETO Ha
B3aMMoAeiicTBMeTO Ha fagata chakTopa no
OTHOLLEeHMe Ha rpyakoobpasysaHeTo (14.04%)
1 BMCOYMHATA Ha pacTeHue (6.37%).

using the numeric value of the first two
principal components (Yan, 2002). All
experimental data were processed
statistically with using the computer
software GENES 2009.7.0 for Windows
XP (Cruz, 2009).

RESULTS AND DISCUSSION

Analysis of variance

The results of the analysis of
variance of studied traits were presented
in Table 1. For all traits, factors A (mode
of irrigation) and B (mites) had a
significant influence. Statistically
significant was the interaction between
the factors in terms of the foliage mass
and nodulation. In regard to number and
weight of the leaves per plant, and the
productivity of aboveground mass, was
found a significant effect of the mode of
irrigation (Figure 1), as in the weight of
leaves/plant it reached 65.60% of the total
variation.

The traits, plant height and number of
nodules, were influenced to a greater extent
by the presence of mites (59.81%, 45.50%).
The most pronounced was the percentage
participation of the impact of the two factors
interaction with respect to the nodulation
(14.04%) and plant height (6.37%).

Ta6r||/|u,a 1. AHanm3s Ha BapnaHca no OTHoWweHne Ha OCHOBHUM TMpu3Hauu rnpu coA

B 3aBUCKMOCT OT NpoyYBaHuTe hakTopu

Table 1. Analysis of variance with regard to the main traits in soybeans

depending on the studied factors

CpegHu kBagpaTtn/Mean Squares

VI3TOUHMK Ha BapupaHe of  BucoUwmHa Bpoin  Terno Ha MpoaykTnBHOC  Bpoii
Source of variation Ha pacTeHve nmMcTa  AncTata T Ha Guomaca  rpy/AKu
. Number of  Leaf Productivity Number
Plant height : .
leaves weight of biomass of nodules
. *%
bakTop A:pexnm Ha HANOABake | jgg gz (937457 4 q7ee 61 5063e  110.262%
Factor A: regime of irrigation *
bakTop B: TETPAHNXOBM AKAPU | 43g 51owex 42 6104** 1.65489% 30.0279%*  243.00%*
Factor B: spider mites
o . 0.333476* "
B3aumogelricteue/Interaction AxB 1 46.5117 0.526055 0.111143 75
Ipewka/Residual 8 7.58789 1.77637 0.020712 0.693097 13.2207
O6uwo/Total (corrected) 11

*p<0.5, **p<0.1, **p<0.01
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T1 -BucouunHa Ha pacTeHue; T2- Bpoii nucta; T3- Terno Haa nucta; T4 —MpoayKTUBHOCT Ha 6uomaca; T5 - Bpoii rpyaku
T1 - Plant height; T2- Number of leaves; T3- Leaf weigh; T4 — Productivityof biomass; T5 - Number of nodules

dur. 1. BAnsHMe Ha BoAeH AeduumnT, akapu U TAXHOTO B3auMogerncTBme Bbpxy
nposiBaTa Ha n3cnegsaHnTe npmsHaum, % oT o6LWoTo BapupaHe

Fig. 1. Influence of water deficit, spider mites and their interaction on the
manifestation of studied traits, % of the total variation

MpOAYKTUBHOCT W CBbp3aHu C Hes
OCHOBHU Npu3HaLum

Racz (2003) onpegensi cosita kKato
B3MCKaTeNHa KbM Bnarata Kyntypa, npwv
KOATO Ce yCTaHOBSIBA 3HAUMTENIHO NMOHMXe-
Hve B JobuBa B nepuoam C HefoCTaTbyHO
WA  HepaBHOMEPHO pasnpefesieHn Ba-
nexn. Cnopeg ppyrm astopu (Daryanto,
2015), T mMoxe ga 6bae OTHeceHa KbM
BMAOBETE, KOUTO Ce OT/InyasarT CbC Cro-
COBHOCT fa noaabpXar BUCOKa NPOAYKTUB-
HOCT npu BoAeH Aeduuunt. B ycnoeuaTa Ha
HaCTOALWMA eKCnepuMeHT, BOAHMAT aedun-
LUAUT 1 HanaJeHNeTo OT TETPaHWXOBU akapu
[oBefe [0 pefyuvpaHe B NPOAYKTUBHOCTTA
(g/plant) Ha coeBuTe pacTeHus ¢ 16.5 n
21.0 % cbOTBETHO, a B3aMMOAENCTBMETO
Ha gBaTa (paktopa — ¢ 41.9% (Purypa 2).
MoHmxeHaTa NPOAYKTUBHOCT ce onpenens
OT MO-HUCKM CTOMHOCTM Ha OCHOBHUTE
npusHaLmM: BUCOUYMHA Ha pacTeHue, 6poii n
Terno Ha nuctaTa/pacTeHune, rpyaKoobpasy-
BaHe. [pu3HakbT 6poil NucTa/pacteHne
nposiBsiBa  Hai-BMCOKA  YyBCTBUTENIHOCT
(pecn.noHmxeHne) No OTHOLIEeHWe [AeicT-
BMETO Ha cTpec (haktopute. HamanssaHe-

Productivity and related main traits

Racz (2003) determined the
soybeans as demanding on the moisture
culture, in which was established a
considerable decrease in yield during
periods with insufficient or unevenly
distributed rainfall. According to other
authors (Daryanto, 2015), it may be related
to species which were characterized by
the ability to maintain a high productivity
in water deficit. Under conditions of the
present experiment, the water deficit and
spider mites attack led to a reduction in
the productivity (g / plant) of soybean
plants by 16.5 and 21.0%, respectively,
and the interaction of these two factors -
by 41.9% (Figure 2). The decreased
productivity was determined by lower
values of the major traits: height/plant,
number and weight of leaves/plant,
nodules/plant. The trait number of leaves
per plant exhibited the highest sensitivity
(respectively a decrease) with respect to
the action of stress factors. The reduction

144



TO Ha JMcTHaTa Maca npu HefoCTUr Ha
B/lara € MexaHusbM, C KOWTO pacTeHusTa
pegyuupart 3ary6ute Ha Boga (Frank and
Berdahl, 2001; Xu et al., 2006). TNpwn
akapuTe TO e nocneguua OT noBpeguTe,
KOUTO Te HaHacaT B MpoLeca Ha XpaHeHe.
Fadini et al. (2004) ca onucasin TO3U
npouec kaTo nepchopauuss Ha [AONHWTE
KNeTkm Ha enugepmuca nocnefsaHo oT
U3CMyKBaHE CbAbPXaHWETO Ha kieTkara,
npu KOETo X/1I0ponaacTuTe Ha 3acerHatuTe
KNeTKU u3yesBar, 0CTaHa/1I0TO CbhAbpXaHne
Koarynmpa, npuUYMHABaikM noBpean Ha
OKOJTHWTE KNEeTKU M X/IOPOTUYHN NEeTHA.

of the foliage in a moisture shortage was
the mechanism by which plants reduced
the water loss (Frank and Berdahl, 2001;
Xu et al.,, 2006). In the mites, it was a
consequence of the damages they have
caused in the process of feeding. Fadini
et al. (2004) have described this process
as a perforation of the lower epidermis
cells followed by suction of the content of
the cells. As a result, the chloroplasts of
the affected cells disappeared, the other
material coagulated, causing injuries to
the surrounding cells and chlorotic spots.
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dur. 2. NMOHMXKEHNE B CTOMHOCTUTE Ha MpPoy4YBaHWTe napameTpu npu cosd B
YCNoBMWSA Ha BOAEH AedmumT U HanageHue oT Tetranychus atlanticus

Fig. 2. Decrease in the values of studied parameters in soybeans in terms of
water deficit and Tetranychus atlanticus infestation

-WD-A — abCconTHUTE CTOMHOCTU Ha NoKa3aTe/iMTe B YC/IOBUSITA HA KOHTPO/THUA BapuaHT (HanosisaHe, 6e3
akapw) ca npvetu ca 100%; +WD — BogeH geconuut; +M — akapu; +WD +M — BoAeH aeunumnT 1 akapu
-WD-A - the absolute values in terms of the control (irrigation, without mites) are accepted for 100%;+WD —
water deficit; +M — mites; +WD +M — water deficit and mites

CbAbpXaHMeTo Ha CypoB MPOTEeurH
B /McTarta nokassa TeHAeHUMs Ha MOHU-
XeHue (c 7.9%) nop BAvMsiHUE Ha hakTo-
pa akapu. ,[ipobrBaHeTO” Ha KNeTkUTe OT
CTUNETUTE Ha aKapuTe U MHXEKTUPaHeTo
Ha C/lOHKa MpUYMHABA MEXaHWyHU Mo-
Bpeau U NPOMeHU B BUOXUMWYHUTE MpPOo-

The crude protein content in the
leaves showed a decreasing trend (by
7.9%) under the influence of factor mites.
"Puncturing" of cells through the stiletto of
mites and the injection of saliva causes
mechanical damage and changes in the
biochemical processes of both the
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LeCU KakTo Ha noBpefeHarta, Taka U Ha
6/IM3KOCTOALNTE  HEMNOBPEAEHN KNETKM
(Tomczyk & Kropczynska, 1985). Tosa
ycKopsiBa CTapeeHeTo Ha nuctata u no
TO3M HauyuH npeau3BukBa Obp3a 3aryba
Ha nucteH asoT (Sadras and Wilson,
1998). Mo oTHOLWeHMe BOAHUA AeduunT
He ce ce HabogaBa NpomsiHa B GMOCUH-
Te3a Ha MpoTerH B nucTarta. [jaHHuTe B
HayyHaTa suTepatypa He ca egHono-
coyHu. lNMoco4yBaT ce CTOMHOCTM Ha NOBK-
LWEeHNe, MOHWKEHME WM /MNca Ha Mpo-
MSIHa, KOETO B MHOrO rofisiMa CTeneH ce
onpefena OT MHTEH3UBHOCTTa Ha cTpeca
(Akinci and Losel, 2012).

KopenauuoHeH aHanuns

YcnoBuaATa Ha CTpec MpPOMEHAT
CTeneHTa M Xapaktepa Ha 3aBUCUMOCT
Mexay MpoAYyKTMBHOCTTA U OCTaHauTe,
06EKT Ha n3cneaBaHe NpUsHauy nNpu cos-
Ta (Tabnuua 2). BucounHata Ha pacte-
HMETO, KaKTO W [ApYrnTe KOSIMYECTBEHM
npu3Hauu, CUIHO ce BMUSie OT BbHLIHATa
cpepa. Mpu Hanmuve Ha 6GnaronpusaTHU
YCNOBUS, KAKBMTO Ca Te3n B KOHTPOJIHUSA
BapuaHT, KakTo 1 Npu Bb3[encTBme camo
Ha efuH OT CTpec hakTopute, CTONHOCT-
Ta Ha KopenaumoHHUS KOe(UUUEHT,
n3passiBalla 3aBNCUMOCTTa Ha npu3Haka
C NPOAYKTUBHOCTTA € MOJIOXUTESTHA U
Bucoka. pu coeBuTe pacTeHus C Hao-
XeH BogeH pgechmuuTt, 3aBMCHMMOCTTa €
“Mma rno-BMcoKa CTOMHOCT, KOETO BEpPOAT-
HO € nokasaTesIHO 3a NO-CW/IHUSA MOTUC-
Kall, edpekT Ha dpakTopa CnpsMo Bb3Aei-
CTBMETO Ha akapute. CbC cpeaHa Mnosioxu-
TenHa cTtoiHocT (0.581) e kopenauyusta
cnef B3aMmogelicTB/e Ha aBata haktopa.

MonyyeHnTe paHHM MoKasBaT Mo-
NIOXMTEeNHa Kopenauus mexay npoayk-
TMBHOCTTa Ha cosATa (g/plant) n TernoTo
Ha nMcTaTa Mpu BCUYKM BapuaHTh, Kato
Hali-BMCOK M CTATUCTUYECKN 3HA4YUM €
KoedLMeHTa Npu pacTeHmsaTa ¢ Hanage-
HMe oT Ha akapu (r=0.957). MpusHakbT
6poi1 IMcTa Ha pacTeHume Cblo e B NoJo-
XWUTENHa 3aBUCMMOCT C NPOAYKTMBHOCT-
Ta. CbC CpefHO HMBO Ha KopenaumoHHa
3asucumocT (r=0.500) ce xapaktepusupa
KOHTPO/IHMSA BapuvaHT U BapuaHTa C

damaged and the undamaged adjacent
cells (Tomczyk & Kropczynska, 1985).

This accelerated the aging of the leaves
and thus caused a rapid loss of foliar
nitrogen (Sadras and Wilson, 1998). As
regards the water deficit, it was not
observed any change in the protein
biosynthesis. The data in the scientific
literature were not unidirectional. Values
of increase, decrease or without change
were indicated, which was largely
determined by the stress intensity (Akinci
and Losel, 2012).

Correlation analysis

The stress conditions altered the
extent and nature of the dependence
between productivity and other studied
traits in soybeans (Table 2). The plant
height, as well as other quantitative traits,
was strongly influenced by the external
environment. In favorable conditions, as
those in the control variant, and under
impact only of one of the stress factors,
the value of the correlation coefficient,
expressing the dependence of the trait
with the productivity, was positive and
high.

In soybean plants with imposed water
deficit, the dependence had a higher
value, which could be indicative of a
stronger suppressive effect of the factor
compared to the effect of the mites. With
a mean positive value (0.581) was the
correlation after interaction of the two

factors.
The obtained data showed a
positive  correlation between  the

productivity of soybeans (g/plant) and the
weight of the leaves in all variants, as the
highest and statistically significant was
the coefficient in the plants attacked by
mites (r = 0.957). The trait, number of
leaves/plant was also in positive
correlation with the productivity. With a
mean level of correlation (r = 0.500) was
characterized the control variant and this
one with an interaction of the two factors
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B3aMMofeicTBMe Ha [ABata (akTtopa
(r=0.458), a C BMCOKO HMBO — CbOTBETHO
BapvaHTa ¢ BogeH gedmunt (r=0.982) n
BapuaHTa ¢ akapu (r=0.927).

(r = 0.458), and with a high level - the
variant with water deficit (r = 0.982) and
the variant with mites (r = 0.927),
respectively.

Tabnuua 2. KopenauyuMoHHW 3aBUCUMOCTU MeXAy MNPOAYKTMBHOCT M OCHOBHU
BereTaTMBHU NMPU3HaLW NPU COs1 B YCIOBUSA Ha BOAEH AePULNT N akapu

Table 2. Correlations between productivity and main vegetative traits in
soybeans in conditions of water deficit and mites

BucounHa Ha Bpoi nncta

MpoaykTnBHOCT Terno Ha nucta

Mpu3Hauwn/Traits pacteHne Number of Productivity  Weight of leaves
Plant height leaves
-WD-M
Bpoit nucta/Number of leaves 0.400
MpoayktnsHocT/Productivity 0.763 0.500
Terno Ha nucta/Weight of leaves  0.697 0.836 0.893
Bpoii rpygkm/Number of nodules  -0.431 -0.795 -0.835 -0.939
+WD
Bpoii nucta/Number of leaves 0.854
MpogayktusHocT/Productivity 0.829 0.982*
Terno Ha nucta/Weight of leaves  0.913 0.989* 0.957*
Bpoii rpygkn/Number of nodules  0.279 -0.260 -0.266 -0.134
+M
Bpoii nucta/Number of leaves 0.925
MpoayktnsHocT/Productivity 0.980* 0.927
Terno Ha nucta/Weight of leaves  0.963* 0.937 0.905
Bpoii rpygkn/Number of nodules  -0.010 0.238 0.170 -0.113
+WD+M
Bpoit nucta/Number of leaves 0.987*
MpoayktnsHocT/Productivity 0.581 0.458
Terno Ha nucta/Weight of leaves  0.994** 0.981* 0.539
Bpoii rpygkm/Number of nodules  0.968* 0.937 0.731 0.939

-WD-A: irrigation, without mites; +WD: water deficit; +M: mites; +WD +M: water deficit and mites

* ** _ significant at the 0.05, 0.01 level

Pe3yntatute oT U3BbPLUEHNSA aHa-
M3 MNoKasBaT, Ye Kopenauuuite mexay
npusHauuTe NpyY CamMoCTOATENHOTO Aeit-
CTBME Ha abWOTUYEH W BUOTUYEH CTpec
ca CW/IHO M3paseHu, C BUCOKM CTOMHOCTW.
3HauUTeIHO NO-HUCKN ca Te3n CTONHOCTH
npy 6naronpuATHWM ycnoBusa (KOHTPOSEH
BapvaHT) u npu B3aMMOAENCTBME Ha
cTpec paktopuTe. NogobHa 3aBUCMMOCT
e ycTaHoBeHa oOT Mihova & Petrova
(2005) npu npoyyBaHe Ha /IMHUN e4YeMUK
nog B/IMSIHUE HA HUCKM TemnepaTypw.
HucknTe CTOMHOCTM Ha KopenauuoHHUTE
Koe1UMEeHTM nokasear, Ye Te No-/1IeCHO
MoraT Aa 6baaT HapyLleHu.

The results of the analysis showed
that the correlations between the traits
under an individual action of abiotic and
biotic stress were stronger expressed, by
high values. Considerably lower were
these values under favorable conditions
(control variant) and under an interaction
of the stress factors. A similar
dependence was found by Mihova &
Petrova (2005) at studying of barley lines
in conditions of low temperatures. Low
values of correlation coefficients showed
that they could be violated more easily.
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AHanu3 Ha cTabunHocTTa

MOHATMETO eKosorMyHa nnacTuy-
HOCT onpegens OT3MBYMBOCTTA KbM MO-
[obpsiBaHe Ha ycnoBusTa Ha oTrnexga-
He, KakTo U TEeHAEHUNS KbM HamasnssaHe
Ha CTOMHOCTHOTO M3paXeHne Ha npusHa-
Ka Mpu B/OWABaHe Ha LeHOTU4YHaTa
06CTaHOBKa T.e. MNpu HebnaronpusaTHU
ycnosusi. MapameTpuTe Ha cTabuHOCT
Ha pacTeHusATa OT pas3/IMYHUTE BapuaHTu
no m3criegBaHuTe NpuMsHauy ca npegcra-
BeHu B Tabnuua 3. Cnopep Tesu, 6asu-
paHu Ha AMCNEpPCUOHHWSA Mogen napa-
MEeTpU, Hal-CTabuNHN No NpM3HaKka BMUCO-
YysHa ca pacTeHusTa, MOAJ/IOXKEHME Ha
Bb3AeliCTBMETO Ha BOAeH Aecuumt u
akapn (+BA+A), cnegsaHu OT Te3n B
YCMI0BUS Ha HanageHune oT akapu (+A).
ToBa ce NOTBbPXAABa N OT CbOTBETHUTE
UM perpecuoHHn KoedmumeHTn (bi=1.07;
bi=0.50), BbNpekn 4ye Te He ca CTaTUCTU-

Stability analysis

The notion ecological plasticity
determines the responsiveness to an
improvement of growing conditions, as
well as the trend to a decrease in the
value expression of the trait under
deterioration of cenotic environment i.e.
under unfavorable conditions. The
stability parameters of the plants by the
various variants were presented in Table
3. According to those parameters, based
on the dispersion model, the most stable
in regard to the height were plants with
imposed water deficit and mites (+ WD +
M), followed by those in the conditions of
mites attack (+ M).

This was confirmed by their respective
regression coefficients (bi=1.07; bi=0.50),
although they were not statistically
significant.

YEeCKN 3Ha4YnMn.

Tabnuua 3. NMapameTpn Ha CTabUNHOCT NMpY COSA B YC/1I0BUSA Ha CTpec
Table 3. Stability parameters in soybeans in stress conditions

BapuaHTu Finlay and Wricke Annicchiarico Plaisted and
Variants Wilkinson (1963)  (1965) (1992) Peterson (1959)
bi w? wi PP

BucounHa Ha pacTteHue/ Plant height

+WD+M 1.07 0.284 82.92 3.242

+WD 2.18* 80.264 96.28 12.128

+M 0.50 14.091 104.06 4.776

-WD-M 0.24* 32.924 108.60 6.868
Bpoi nucta Ha pacteHne/ Number of leaves per plant

+WD+M 0.95 0.035 68.63 0.874

+WD -0.37* 24.605 94.42 3.604

+M 2.17 17.855 84.58 2.854

-WD-M 1.25 0.845 131.82 0.964
Terno nucta Ha pacteHne/ Weight of leaves per plant

+WD+M -0.30 0.181 64.42 -0.289

+WD -0.34 0.192 107.49 -0.288

+M 3.03 0.442 92.97 -0.261

-WD-M 1.61 0.040 122.24 -0.305
MpogayktueHocT/ Productivity

+WD+M 0.15 2.734 73.24 0.290

+WD 0.69 0.375 102.25 0.028

+M 0.70 0.331 96.99 0.023

-WD-M 2.46 8.074 119.66 0.884

-WD-A: irrigation, without mites; +WD: water deficit; +M: mites; +WD +M: water deficit and mites
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Mo npusHaumTe 6GpO U TErno Ha
nmcTaTa, Kato eKosIorMyHO cTabunHu no
Kputepunute Ha Wricke (1965) and
Annicchiarico  (1992) ce onpegenat
pacTteHusaTa ot BapuaHT -B-A v BapnaHT
+B/+A, BbMNpeku ye Te ce passmyasar no
OT3MBYMBOCTTA CM KbM YC/IOBMATA Ha
cpepata. PerpecuoHHuMAT  KoeuuMeHT
xapakrtepusupa BapuaHT +B[+A, kaTo
no-ctabwneH no 6poA Ha ucTara
(bi=0.95), a BapuaHT -BO-A kaTo no-
OT3MBYMB NPV NPOMsIHA Ha cpejarta Ha
oTrnexgaHe.

PacTeHusita, OTIeXpaHn B CTpec
yCNoBUATa Ha 3acyllaBaHe (BapvaHT +B[)
1 HanajeHne oT akapu (BapuaHT +A), umat
Hali-gobpa oueHka Ha CcTabuaHocTTa Mo
npu3Haka  MNpPOAyKTMBHOCT,  KakTo O
PEerpecroHHMsl Taka 1 No BapuaHCHUS Tun
napameTpu. C Haii-Hucka cTabuaHOCT no
TO3U NMpU3HaK ce OT/IMyYaBaT pacTeHusiTa ot
KOHTPO/THUSI BapUaHT.

GGE biplot aHanns

M3BbpweHnat GGE biplot aHanus
(Purypa 3) no3BossBa ga ce BU3yasm3n-
pa oueHKaTa Ha 3aBMCMMOCTUTE MEXAY
TecTBaHMTE BapuaHTu (CTpPec cpegun) u
TAXHOTO B3auMMmogeincTeue. Mo npusHaka
BMCOYMHA Ha pacTeHUeTo BapuaHTuTe,
npy KOUTO CTpec dpakTopuTe AencrTear
CaMOCTOSITE/THO, Ca pPasnosiOKeHN Haii-
67130 [0 UEHTbpa Ha KOHUEHTPUYHWUTE
KpbroBe, KOETO UM onpegens nosvumsata
Ha Hal-6nM3KkM  ago,.uaeaneH” BapuaHT.
LObnrusaT BekTop, CBbpP3Ball LEHTbpa C
BapvaHTt 4 (+BO+A) ©n  KOHTPONHUSA
BapvaHT (-BA-A) nokassa no-ronsamara
UM BapuabusiHOCT W  HecTabu/IHOCT.
PasnonoxeHneto vMM  NOTBbpXAasa
OUEeHKaTa Ha BapuaHTUTE HanpaBeHa Bb3
OCHOBa Ha napameTpuTte 3a cTabuiHocCT.

Regarding number and weight of
the leaves, as environmentally stable
plants, according to the criteria of Wricke
(1965) and Annicchiarico (1992), were
determined those from variant -WD-M
and variant +WD+M, although they
differed in their responsiveness to the
environmental conditions. The regression
coefficient characterized variant +WD+M,
as more stable in the number of leaves
(bi=0.95), while variant -WD-M was more
responsive under change of the growing
conditions.

The plants, grown under stress
conditions of variant +WD and variant
+M, had the best estimate of stability on
productivity, both by regression and
variance type of parameters. The control
variant was distinguished with the lowest
stability regarding this trait.

GGE biplot analysis

The conducted GGE biplot analysis
(Figure 3) allows being visualized the
evaluation of dependencies between the
tested variants (stress environments) and
their interaction. In regard to plant height,
the variants in which the stress factors
acted individually were situated closest to
the center of the concentric circles. This
determined their position as the closest to

an ‘"ideal" variant. The long vector,
connecting the center with variant 4
(+wD+M) and the control variant
(-WD-M), indicates the greater their

variability and instability. Their location
confirms the assessment of variants
based on the stability parameters.
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Fig. 3. GGE biplot analysis based on the studied traits in soybeans
Var 1 - Control (irrigation, without mites) (-WD-M); Var 2 — Water deficit (+WD); Var 3 — Mites (+M); Var 4 —
Water defict and mites (+WD+M); E1 — 2011, E2 — 2012

Bucokata 1 nonoxuTenHa Ccroii-
HOCT Ha KOHTpPOJ/iHMA BapuaHT no PC1l n
KNoHsiWaTa KbM Hyna CTOMHOCT Ha PC2,
cBugeTtencTeaT 3a no-gobpa obnucte-
HOCT M CTabWHOCT Ha pacTeHusTa oT
TO3W BapuaHT MO OTHOLUEHWE Ha Mpu3Ha-
Ka 6poil nucta. Mankute oTpuuartesHu
cToliHocTi no PC1 onpeaensit MeXxanHHo
MOSIOXEHNE Ha pacTeHusiTa OT BapuaHTu-
Te C Ha/IOXEeH BOAeH aechmumnt (BapuaHT
2) (+BO) wn c¢ HanageHve oOT akapu
(BapuaHT 3) (+A). C Hail-HebnaronpuaTHa
OLEHKa Mo TO3W MpU3HAK € BapuaHTbT C
B3aMMOAeNCTBME BOAEH AeNLNT X aka-
pu, KONTO 3aema KpamHO NSIBO MOJIoXe-
HWe Ha rpadnkara.

Mo OTHOLIEHUE HAa KOMMNJIEKCHUA npu-
3HaK TErNo Ha Haj3eMHa Maca/pacTeHue,
KOHTPO/MIHUST BapuaHT (BapuaHT 1 Ha
durypata) ce Hamupa B HemnocpefcTsBeHa

The high and positive value of the
control in PC1 and tending to zero value
of PC2, attest to a better leafiness and
stability of plants of this variant with
respect to the number of leaves.

The small negative values in PC1 define
an intermediate position of the plants of
the variants with imposed water deficit
(variant 2) (+WD) and mite attack (variant
3) (+M). With the most unfavorable
evaluation in this trait is the interaction
water deficit x mites, which occupies the
extreme left position in the chart.

With respect to the complex trait
productivity/plant, the control variant
(variant 1 in the figure) is located in close
proximity to the "ideal" center. Variants
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6/1M30CT A0 ,MaeanHunsa” UeHTbp. BapunaH-
TUTE C Ha/IOXEH BoAeH Aedununt n Hana-
AeHve oT akapu (CboTBeTHO 2 1 3) ca no-
OTAa/ileyeHn OT LieHTbpa, KaTo BapuaHT
+B/l e no-npnemnue, KOETo npegnonara,
ye Mo-CbLLECTBEHO B/IMAHNE BbPXY NPOS-
BSIBAHETO Ha TO3M MpPU3HaK OKa3Ba Hana-
OEHVeTO Ha akapu OTKOMKOTO BOAHUSA
Aemumt. PasnonoxeHWeTo Ha BapuaHT
+B+A B KoopauHaTHaTa cuctema, Huc-
KaTa My NPOAYKTUBHOCT U ABATUAT BEK-TOP,
KOTo obpasyBa C LeHTbpa, ro MOoCTaBAT B
Hail-He6naronpusTHa nosuuuaTa.

N3BOAN

BoaHuAT gedmumnT M HanageHueTo
OT TETPAHUXOBM akapu ca cTpec hakTopu
CbC CW/THO U3Pa3eHO HeraTMBHO BAUSIHUE
BbPXY pa3BMTUETO Ha cosATa. B ycnosus-
Ta Ha NPOBEAEHMS CbAOB EKNEPUMEHT U
WHTEH3MBHOCT Ha cTtpeca (D = 0.55), Te
pefyumpaT NnpoAyKTUBHOCTTA Ha CoeBuTe
pacteHnsa ¢ 16.5 n 21.0 % cbOTBETHO, a
B3aMMO/ENCTBMETO Ha ABaTa dhaktopa —
Cc 41.9%. lNpu3HayMTe BUCOYMHA Ha pac-
TeHue, Bpoli K Terno Ha nucrtata, 6poi
rpyakM 1 NpPOAYKTMBHOCT Ha 6Guomaca,
rnokaseaT [OKa3aHO B3aMMOAelicTBue C
pakTopuTe BOAEH AEUUUT U Hauyune
Ha akapu. o oOTHoweHMe Ha 6poin u
Terno Ha nuctara/pacTeHne n NpoayKTuB-
HOCT € YCTaHOBEHO 3HA4YUTEJTHO BANSIHUE
Ha pakTopa pexuMMm Ha HanosisaHe. [lo-
ronaMm fAsan ot o6WoTo BapupaHe Ha
BMCOYMHA Ha pacTeHue u 6pos rpyaku
umMa QakTopbT akapu.

CoeBuTe pacTeHus, pasBuBally ce
B YCNOBUSA Ha BOAeH Aeduunt v Hana-
JeHne OT TeTpaHMXOBM akapu MnokassaT
MOBULLEHA €KOJIOTMYHa CTabuIHOCT Ha
NPOAYKTUBHOCTTA, KaKTO MO pPEerpecuoH-
HUA Taka U No BapuaHCHUA TN napamMeTpu,
B CpaBHEHME C pacTeHudaTa, OoTrnexaaHun
npu onNTUMasiHM YC/I0BUA Ha cpejara.

YcnoBuaAtTa Ha CTpec MpPOMEHAT
CTeneHTa W XapakTepa Ha 3aBUCUMOCT
MeXay NpoAyKTUBHOCTTA M OCHOBHMTE U
npu3Haum npu costa. Kopenauunte mex-
4y npusHauMTe npu CamoCTOATENIHOTO
AelicTBME Ha BOAEH AehmumnT 1 Ha akapu

with  water deficit and mite attack(
respectively 2 and 3 in the figure) are
more distant from the center, as the
variant + WD is more acceptable,
suggesting that more essential impact on
the expression of this trait has the attack
of mites than the water deficit. The
location of variant + VD + M in the
coordinate system, its low productivity
and the long vector, which it forms with
the center, putting it in the most
unfavorable position

CONCLUSIONS

The water deficit and spider mites
were stress factors with  strong
pronounced negative impact on the
development of soybeans. In conditions of
the conducted pot experiment and
intensity of stress (D = 0.55), they
reduced the productivity of biomass by
16.5 and 21.0% respectively, and the
interaction of the two factors - by 41.9%.
The traits, height of plant, number and
weight of leaves, number of nodules and
productivity of biomass showed a
significant interaction with the factors
water deficit and mites. In terms of the
number and weight of leaves and
productivity was found a significant
influence of the factor regime of irrigation.
A larger part of the total variation in plant
height and number of nodules had the
factor mites.

Soybean plants, which are
developing in conditions of water deficit
and attack of spider mites exhibited an
increased ecological stability of
productivity, both by regression and
variance type of parameters as compared
to plants, grown under optimal
environmental conditions.

The stress conditions altered the
extent and nature of the dependence
between productivity and main traits in
soybeans. The correlations between the
traits under an individual action of water
deficit and spider mites were highly
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ca CWIHO M3paseHu 1 ¢ BMCOKW CTOMHOCTK, | expressed, with high values, while under
[okaTo npu 6naronpusitTHu ycnosusa Te umat | favorable conditions, they had
3HAYMTETHO NO-HUCKN CTONHOCTM. considerably lower values.
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PE3OME

V3cnepsaHeTo BK/IOUYBA pesy/iTaTu
oT 20 roguweH (1994-2013) nepuof Ha
U3rnos3BaHe Ha 4yepBeHa Bnacartka, OT-
rnexpjaHa camoCTOSITe/IHO U B CMeC C
Apyrv nuBagHn TpesBu. TpesocTouTe ca
cb3fafeHn B paioHa Ha CpegHa Ctapa
naaHuHa, BbpPXy U3TOYEH CKMOH, cnabo u
CWU/IHO Or/IeeHM NOYBM.

Mpu pa3nonaraHe Ha TpeBoCTOUTE
BbpXy cnabo orneeHun noysu, ce ycraHo-
BSiBA Ha/MuMe Ha onpejesnieHa pUTMUY-
HOCT B 06pa3syBaHe Ha hbypaxHarta maca.
Mpe3 HeyveTHUTE 1995; 1997; 1999; 2001;
2003 r. no6buBKTE Ca NO-BUCOKU B CpaBHe-
HMWe C Te3n npe3 4yeTHuTe TakuBa 1996;
1998; 2000; 2002 r. NMocnegoBaresiHOCT-
Ta ce npomeHs npe3 2004; 2006; 2008;
2010. Mpe3 2011 n 2013 r. gob6busute
OTHOBO Ca MNO-BUCOKW B CpaBHEHME Te3n
npes 2012 .

Pa3HooOpa3veTo B nNoBeAEHUETO
Ha TpeBOCTOUTE Cce YycTaHoBABa npwu
BMCOKaTa CTeneH Ha No4YBeHo orfesBaHe,

SUMMARY

The study includes the results of a
20 year period (1994-2013) for the use of
red fescue, grown alone and mixed with
other meadow grasses. The grasslands
are created in the region of the Central
Balkan Mountain, on the eastern slope, at
low and high degree of soil gleying

When grasslands are placed on
soils with low degree of gleying, there is a
certain rhythm in the formation of the
forage mass. In odd years 1995; 1997,
1999; 2001; 2003 yields were higher than
those in the even years 1996; 1998; 2000;
2002.

The sequence changed in 2004; 2006;
2008; 2010. In 2011 and 2013, yields
were again higher than in 2012.

The variation in the behavior of the
grasses is found in the high degree of soil
gleying, at the low part of the slope. Their
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HUCKa 4acT Ha CknoHa. 3aBuTe UM BbpXY
CWU/IHO OrNeeHn NoYsu nmat apyra nocrie-
[0BaTesIHOCT, B CpaBHEHWE C Tasu, BbpXy
cnabo orneenunTte Takusa. MosuweHne ce
ycTtaHoBaABa npe3 1995; 1999; 2004;
2006; 2008; 2010; 2011 r. MNoHWXeHne
uma npe3 1997; 2000; 2001; 2002; 2003;
2007; 2009; 2012; 2013 r. NMpe3 HAKon OT
roguHUTE ce oTyYuTa MNaBHO CHMXaBaHe
(1996; 2005), a npe3 gpyrn (1998) cboT-
BETHO NOBULLEHNE HAa NPOAYKTUBHOCTTA.

Cuuta ce, ye ToBa NoBefeHUE NPOU3-
TUya OT Ha/IMuMe UM aMnca Ha CUHXPOH Ha
KOHKPEeTHUS pacTutenieH/reHeTuyeH mare-
pvian ¢ putbma B MpupogaTta.

KntoyoBn aymn: npoayKTUBHOCT,
NMBagHU  TpeBW, ckioHoBe, Crapa
nnaHuHa, XxunoTesu

YBO/[,

FnobanHnTe NpomMeHU B KIMmarta
Hanarat nog6op Ha crneynduyHn Komou-
Hauuy OT BWUAOBE, KOWTO Aa OCUrypsit
TakoBa pa3Hoobpasue B TpeBoCTOUTE, Ye
nocnegHuTe ga Morat ga YCToAT Ha
eKCTpeMasTHNTE €eKOJIOrMYHU YCNOBUS Ha
mMectoobuTtaHue (lves et al., 2000).
Heobxogumo e pga ce nocouun, Ye npu
noabop Ha KOMMNOHEHTUTE 3a Cb3jaBaHe
Ha nuBageH TpeBocTOl, TpsbBa ga ce
06bpHEe BHMMaHVWE He camMO BbpXy Mnpo-
OYKTUBHOCTTA U CbOTBETHO Ha WMKOHOMMW-
KaTa, HO U Ha BAWAHWETO My MO OTHOLLe-
HMe Ha okofnHata cpega (Kanneganti et
al., 1998; Kolomeichenko, 2003 u gp.).
MpomMaHaTa B MpeHoca Ha XpaHWUTEesHW
BelllecTBa 1 pasrpaxgaHeTo Ha cb3gaje-
HaTta opraHuyHa maca (Koukoura, 1998;
Kolomeichenko, 2003.) no3sosnsBa ga ce
TbpCK “KOHCEpPBaUMOHEH NOAX04 NPU Bb3-
CTaHOBABaHe Ha fJerpagupanu Tepexu”
(Ene and Mocanu 2013; Mitev and
Naydenova 2008), KakBUTO ce YyCTaHOBSI-
BaT B HSKOW paiioHn Ha Bbnarapus. Pegu-
ua uscnegsaHus, NPOBEAEHN B CTpaHaTa
HW, NoKa3BaT HEBBH3MOXHOCTTA upes3 BHe-
CeHV cemMeHa fia ce cb3ajaTt KayeCTBEHU
U ObATOTPaiHM  NMBaJHU  TPEeBOCTOU
(Totev, 1984; Mitev, 1997; Goranova-
Naydenova, 2002 1 gp.). MHOro paioHm

manifestation on soils with high degree of
gleying has a different sequence than that
of low degree of gleying. An increase was
established in 1995; 1999; 2004; 2006;
2008; 2010; 2011. Decrease occurred in
1997; 2000; 2001; 2002; 2003; 2007;
2009; 2012; 2013. In some years was
reported a gradual decrease (1996;
2005), while in others (1998) respectively
there was an increase in productivity.

It is believed that this behavior stems
from the presence or lack of synchronization
of the particular plant/genetic material with
the rhythm in Nature.

Key words: productivity, meadow
grasses, slopes, Balkan Mountains,
hypotheses

INTRODUCTION

Global climate change necessitates
the selection of specific species
combinations to provide such diversity in
the grassland that the latter can resist the
extreme ecological conditions of the
habitat (Ives et al., 2000).

It should be pointed out that when
selecting the components to create a
meadow grassland, attention should be
paid not only to the productivity and the
economy, but also to its environmental
impact (Kanneganti et al. 1998,
Kolomeichenko, 2003, etc.).

The change in the transport of nutrients
and the decomposition of the organic
mass created (Koukoura, 1998,
Kolomeichenko, 2003) allows for a
"conservation approach to the restoration
of degraded sites" (Ene and Mocanu
2013, Mitev and Naydenova 2008) in
some regions of Bulgaria.

A number of studies carried out in our
country show the impossibility of
producing quality and long-lasting
meadow grasslands through imported
seeds (Totev, 1984; Mitev, 1997,
Goranova-Naydenova, 2002, etc.). Many
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Ha BankaHckna nonyocTpos KaTo ufano, a
B YacTHOCT 1 bwbarapus, Bkawoysar
pefvua BTOPWYHW LEeHTpoBe Ha hopmo-
o6pasyBaHe, MpsSKo CBbP3aHN C OCHOBHMSA
TakbB Ha Annute. Bcuykn Te ca yacTt oT
obwusa  bankaHckn  ¢hopmoobpasyBaly,
ueHTbp (Kozhuharov, 1986). Tosa cb3ga-
Je npeanoctaBka 3a WU3BeXxaaHe Ha
LUMpOoKoobHXBaTHa CesfieKUMoHHa nporpaMa
3a Cb3JaBaHe Ha COpPTOBe NNBaHU TPEBU
C MeCTeH npou3xof, OTroBapsiliy Ha ycro-
BMssiTa Ha MecTooGuTaHue. (Goranova-
Naydenova, 2002; Mitev, 1997). Nocoue-
HOTO € Ba/MAHO CbLO 3a uYepBeHaTa
Bnacatka (Mitev, 1997), TpbCTUKOBUAHaTA
Bnacatka (Mitev, 1995; Georgieva et al.,
2015; Katova, 2016), nmBagHata metnumua
(Mitev, 1995), 3Be3gaHa (Churkova, 2006),
yepBeHaTa getenuHa (Goranova-Naydenova,
2002), ntouepHaTta (Mitev, 2014). Bceku
KOHKpeTeH palioH ce OT/iMya-Ba CbC CBOe-
obpasHa cneuuduka, KOATO MOXe fa ro Ha-
npasy HENOBTOPWMM B €KOJIOTMYHO OTHOLUEHKNE
(Wardle et al.,1987; Sanderson et al., 2004).

Llen Ha HacToALWOTO n3cnensaHe e
U3SICHABAHE Ha AbAroTpalHocTTa npu
CATM NMBaJHW TPEBOCTOM, C yyacTue Ha
yepBeHara Bfacartka, npu pasnosiaraHeTo
UM BBbPXY W3TOYEH CKNOH Ha CpefHa
Crapa nnaHuHa, c1abo u CUMHO OrfieeHn
nousu.

MATEPWNAN N METO4WA

O6xBaHaTuTe B TOBa MNpOy4YBaHe
TPEBOCTOU ca pPasnosioKeHn BbpPXY U3TO-
YeH CK/IOH Ha nNnaHuHaTa. [NoyBata e
nceesagonoA3onucta, CbC CUAHO U cnabo
HMBO Ha ornessaHe (Penkov, 1998).
O6xBaHaTuTe MectoobmuTaHus ca 4act oT
eflHa Mno-rofidmMa cxema Ha eKOJ/I0rMYHO
U3NMTBaHe Ha Cb3[gafeHNn B paioHa
COpTOBE M nonynauun nueBagHu TPEBU, C
MecTeH npousxopg (Mitev and Belperchinov,
2000). Ta3n ¢ HMCKa CTerneH Ha orfiesBaHe,
npw 3asaraHe Ha onuTa, ce xapakrepusmpa
C PHyq-4.7; 06MeHHN kaTnoHu B meqv/100
g. nousa: Al-0.6-1.0; Mn-0.3-0.8; Ca + Mg-
0.9-11.1. BucokaTa CTeneH Ha orniessaHe ce
xapaHTtepusupa ¢ pH,q 3.9-4.0; 06MeHHUTE
KatmoHn B meqv/100 g. nouysa: Al.-1.3-1.6;
Mn-0.6-1.3; Ca+Mg-3.6-4.5.

areas of the Balkan Peninsula as a whole,
and in particular Bulgaria, include a
number of secondary centers of creation
of new genetic material, directly linked to
the main Alpine. They are all part of the
general Balkan Forming Center
(Kozhuharov, 1986). This created a
prerequisite for the development of a
wide-ranging selection program for the
creation of varieties of locally grown
grasses meeting the habitat conditions.
(Goranova-Naydenova, 2002; Mitev,
1997). This is also true of the red fescue
(Mitev, 1997), tall fescue (Mitev, 1995;
Georgieva et al.,, 2015; Katova, 2016),
Kenthucky bluegrass (Mitev, 1995), red
clover (Goranova-Naydenova, 2002),
alfalfa (Mitev, 2014).

Each particular region has a peculiar
specificity that can make it unique in the
environment (Wardle et al., 1987,
Sanderson et al., 2004).

The aim of the present study is to
clarify certain aspects related to the
sustainability of some artificial meadow
grasslands with the participation of red
fescue, when they are placed on the
eastern slope of the Central Balkan
Mountain, low and heavily gleyed soils.

MATERIAL AND METHODS

The grasses covered in this study
are situated on the eastern slope of the
mountain. The soil is pseudopodzolic, with
a strong and low level of gleying (Penkov,
1998). The habitats covered are part of a
larger scheme of ecological testing of
cultivars and populations, which were
created in the region, of meadow herbs of
local origin (Mitev and Belperchinov,
2000). The low degree of enema, when
the experience is set, is characterized by
pHu-4.7; Exchange cations in meqv/100
g soil: Al-0.6-1.0; Mn-0.3-0.8; Ca + Mg-
0.9-11.1. The high degree of gleying is
characterized by a pHyy of 3.9-4.0;
exchange cations in meqv/100 g. soil:
Al-1.3-1.6; Mn-0.6-1.3; Ca + Mg-3.6-4.5.
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OnuTBT e 3as10KeH npes3 nposieTra
Ha 1994 r., no 6/10KoBUS MeToA, B 4 no-
BTOPEHMS, C TONleMUHa Ha onuTHarta
napuena ot 4 mZ. B nousa, joBefeHa o
rpagMHCKO CcbCTOAHME, ca 3aceTn no 800
Kb/IHSIEMOCNOCO6GHN ceMeHa Ha 1 m° B
CMECEHMTE TPEBOCTOM, KOMMOHEHTUTE
yyacTtsart ¢ no 1/2; 1/3; 1/4 ot centbeHute
C/ HOpMM 3a CcamoCTOsTesleH MOoCeB
cbrnacHo BapuaHTuTe. Te ca 3aceTu
pasnpbCcHATO, PbYHO, KaTo cref centba-
Ta e BasimpaHo. Mpe3 rognHa e TOpeHo ¢
P80 kg.ha™ u K80 kg.ha', cuutaHo oT
1995 r., npegn HavanoTo Ha Beretauus
Ha TpeBwWTe B paioHa. NogxpaHBaHO e
exerogHo ¢ N80 kg.ha™, cuntaHo ot 1995
r. Npy 3anoyBaHe Ha Beretauusita Ha
TpeBuTe. TpeBoCTOWTE Ca MOKOCSBAHM
npM HaBMM3aHe BbB (asa MbJHO
U3MET/IIBaHe-Ha4yasilo Ha UbdTex npu
XUTHUTE TpeBun U OByTOHU3aLMA-HaYano
Ha uUb(TeX Ha 6060BUTE. OTUUTAH €
[OBMB Ha CyxO BelecTBO Ha dypaxa.

MpoyyBaHu ca cnegHuTe Tnoee
TpeBocToM: 1 Bap. uYepBeHa B/acatka-
CaMOCTOSITESTHO, 2 Bap. uepBeHa

BnacaTka+TpbCTUMKOBMAHA BnacaTka, 3 Bap.
uepBeHa BfacaTka+nvMBagHa MeTauua, 4
Bap. uyepBeHa BfacaTka+3BesfaH, 5 Bap.
uepBeHa BnacaTka+TpbCTUKOBUAHA
Bnacatka+seesfaH, 6 Bap. uepBeHa
Bnacatka+nvMBagHa MeTnuua+3BesgaH, 7

Bap yepBeHa BnacaTka+nmBagHa
MeTavuatawouepHa, 8 Bap. 4yepBeHa
BNacaTka+exoBa rnaeuua+yepeeHa

feTenuHa+3se3gaH. CemeHaTa ca ¢ MecTeH
npoMsxo C W3KIKYEHME Ha Te3n oOoT
yepBeHa petenvHa (c. Viola) n exosa
rnasmya (c, Abbpasa), KONTO € GbArapcku
copr.

PE3YJITATU N OBCBXXOAHE

Mpu pa3snonaraHe Ha TPeBOCTOUTE,
BbpXy cnabo oOrfieeHn nousu, Ha
NAAHUHCKA CK/IOH C M3TOYHO U3N0XEHWe,
Ce ycTaHOBfiBa Ha/Mune Ha onpeperieHa
PUTMUYHOCT B 0OOpa3syBaHe Ha hypaxHa
Maca no BapuaHtu (Purypa 1). [lpes
HeyeTHUTe 1995; 1997; 1999; 2001; 2003r.
[06VBKTE Ca NO-BUCOKN B CPABHEHME C TE3M
npe3 4yetHute TakMBa 1996; 1998; 2000;

The experience was set in the
spring of 1994, using the block method, in
4 replications, with a plot size of 4 m? In
soil that has been brought to a garden
state, 800 germinating seeds are sown
per 1 m® In mixed grasslands, the
components are 1/2; 1/3; 1/4 of the
sowing standards for individual crops
according to the variants. They are sown
scattered, by hand, as after sowing it is
rolled. Every second year was fertilized
with P80 kg.ha'1 and K80 kg.ha’l, from
1995, before the beginning of the
vegetation of the grasses in the region.
Each %/ear the ground was fed with N80
kg.ha™, from 1995 in the beginning of
vegetation of grasses.

Grasslands were cut in the phase of full
tasseling-beginning of flowering of some
grasses and budding-beginning  of
flowering of legumes. Forage dry matter
yield was reported. These types of
grasslands were studied: 1 var. red
fescue-independently, 2 var. red fescue+tall
fescue, 3 wvar. red fescue+Kenthucky
bluegrass, 4 var. red fescue+bird's-foot-
trefoil, 5 var. red fescue+tall fescue+bird’s-
foot-trefoil, 6 var. red fescue+Kenthucky
bluegrass+bird's-foot-trefoil, 7 var. red
fescue+Kenthucky bluegrass+alfalfa, 8 var.
red fescue+cock's foot+red clover+bird's-
foot-trefoil.

The seeds are of local origin with the
exception of those of red clover ('Viola")
and cock’s foot (‘Dabrava’), which is a
Bulgarian variety.

RESULTS AND DISCUSSION

When grasslands are located on
soils with low gleying, a mountain slope
with eastern exposure, a certain rhythm in
the formation of feed mass in the variants
is found (Figure 1). In odd years 1995;
1997; 1999; 2001; 2003 yields were
higher than those in the even years 1996;
1998; 2000; 2002. The sequence
changed in 2004; 2006; 2008; 2010. In
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2002r. MNMocnepoBaTenHocTTa ce NPOMEHs
npe3 2004; 2006; 2008; 2010. NMpe3 HeueT-
HuTe 2011 n 2013 r. go6MBUTE OTHOBO Cca
Nno-BMCOKW, B CpaBHeHWe ¢ Te3n oT 2012 r.
MpoAyKTUBHOCTTA WM, C W3K/IHOYeHVWe Ha
KOM6UHaLmATa OT YyepBeHa U TPbCTUKOBUA-
Ha Bnacartka, e Hai-ronsma npes 1995 r.
CMeceHUAT TPEBOCTON OT YepBeHa Briacart-
Ka, exoBsa [/1aBuua, YepBeHa [AeTennHa u
3Be3gaH obpasysa npes cblyata Tasu rogu-
Ha 16.22 t.ha’ cyxo BellecTBO. Breuarnsisa-
LLO € MOHWKEHNETO B NPOAYKTMBHOCTTA MpU
TO3M TpeBocTOli mpe3 1997r. (2.84 tha™).
CMmeceHUAT TPeBOCTON OT uepBeHa Bna-
caTka W TPbLCTMKOBMAHA Bfacartka, B MNO-
cnepgHarta roguHa Ha ekcrnepumeHTta (2013),
obpasyBa MpuGAM3NTE/THO TOMKOBA (ypakHa
Maca (11.263 t.ha'l), KOJIKOTO B paHHUTE roau-
HW Ha ekcnepumeHTa (1997) - 13.065 tha™.

the odd years 2011 and 2013, yields were
again higher than in 2012. The highest
productivity was found in 1995, with the
exception of the combination of red and
tall fescue.

The mixed grassland of red fescue, cock’s
foot, red clover and bird's-foot-trefoil,
formed in this year a dry matter of 16.22
t.ha™. The decrease in productivity in that
rassland in 1997 is impressive (2.84 t.ha’
). The mixed grassland of red fescue and
tall fescue, in the last year of the
experiment (2013), formed approximately
as much feed (11,263 t.ha™) as in the
early years of the experiment (1997) -
13,065 t.ha™.
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Fig. 1. Dry matter yield in years and variants for the period 1994-2003, in t.ha™,

slightly gleyed soils

NEFEHAA: 1. FR — yepBeHa BnacaTka; 2. FR+FA -

yepBeHa BnacaTKa + TPbCTUKOBMAHA BnacaTka; 3.

FR+PP - yepBeHa BnacaTka + nveBagHa meTnvua; 4. FR+LC uepBeHa BnacaTkat+3se3gaH; 5. FR+FA+LC -
yepBeHa BnacaTka+TPbCTUKOBMAHA BflacaTKa + 3Be3faH; 6. FR+PP+LC - uepBeHa BnacaTka + fimBajgHa
MeTnuua + 3Be3gaH;FR+PP+MS - yepBeHa BnacaTka + nusagHa meT/mua + nwouepHa; FR+DG+TP+LC -
yepBeHa BnacaTKa + exosa rnasuua + YepseHa geTesnimHa + 38e3faH.

EXPLANATION: 1. FR - red fescue; 2. FR+FA - red fescue + tall fescue; 3. FR+PP - red fescue + Kenthucky
bluegrass; 4. FR + LC red fescue+bird's-foot-trefoil; 5. FR+FA+LC - red fescue + tall fescue+bird's-foot-
trefoil; 6. FR+PP+LC - red fescue + Kenthucky bluegrass + bird’s-foot-trefoil; FR+PP=MS - red fescue +
Kenthucky bluegrass + alfalfa; FR+DG+TP+LC - red fescue + cock’s foot + red clover + bird’'s-foot-trefoil.
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CpepgHo 3a nepuog oT 20 r. (1994-
2013 r.), NpoayKTMBHOCTTa OT CaMOCTOS-
TENHO OTrexgaHarta uYepBeHa B/acaTka,
Ce M3paBHsABa C Ta3n Ha CMEeCeHUs TPeBO-
CTO OT u4epBeHa Bfacatka W /vBajHa
MeT/MLa, KakTo U Ha 4YepBeHa Bracartka,
TPbCTMKOBMAHA Bfacatka W 3Be3jaH
(Purypa 2). MNpeBuLLEHNETO Ha ABYKOMIMO-
HEHTHWUTEe TPEBOCTOM Ha YepBeHa Bnacartka
C TPbLCTMKOBUAHA Bfacatka, Kakto M Ha
yepBeHa Bfnacatka CbC 3Be3faH, B Cpas-
HeHne C TAX e He3HauuTenHo. MNo-ronsamo e
TO NpW CMecBaHe Ha yepBeHaTa B/acaTka,
NvMBagHaTa MeTnuua cbC 3Be3gaHa, unu c
nouepHaTa, Kakto M Ha 4yepBeHara
BfacaTka, exoBarta rnasula, 4epBeHaTa
JeTenvHa v 3Be3faHa.

8,4
8,21
8,0
7,84
7,6
7,4
7,2
7,04
6,8

t.ha™

On average, for a period of 20
years (1994 to 2013), the productivity of
the self-grown red fescue is equal to that
of the mixed grassland of red fescue and
Kenthucky bluegrass, as well as that with
red fescue, tall fescue and bird's-foot-
trefoil (Figure 2). The excess of the two-
component grassland of red fescue with
tall fescue, as well as that of red fescue
with bird’s-foot-trefoil, compared to them
is insignificant. It is greater in combination
of red fescue, Kenthucky bluegrass with
bird's-foot trefoil, or with alfalfa, as well as
with red fescue, cock’s foot, red clover
and bird’s-foot trefoil.

6,61

dwur. 2. CpegeH gobus B t.ha-1 no BapuaHTn B nepmnoga 1994-2013 r., cnaboorneeHun

no4ysu

Fig. 2. Average yield in t.ha™ in variants for the period 1994-2013, slightly gleyed soils

NEFEHOA: 1. FR — yepBeHa BnacaTka; 2. FR+FA -

yepBeHa BflacaTka + TPbCTUKOBUAHA BfacaTka,; 3.

FR+PP - yepBeHa BnacaTka + nveBagHa meTivua; 4. FR+LC uepBeHa BnacaTka+3se3gaH; 5. FR+FA+LC -
yepBeHa BnacaTKa+TPbCTUKOBMAHA BfacaTKa + 3Be3faH; 6. FR+PP+LC - yepseHa BnacaTka + imBagHa
MeT/uua + 3ee3gaH;FR+PP+MS - yepBeHa BnacaTka + nvMeBagHa meTavua + nouepHa; FR+DG+TP+LC -
yepBeHa BnacaTKa + exosa rnasuua + YepseHa geTesnimHa + 38e3faH.

EXPLANATION: 1. FR - red fescue; 2. FR+FA - red fescue + tall fescue; 3. FR+PP - red fescue + Kenthucky
bluegrass; 4. FR + LC red fescue+bird's-foot-trefoil; 5. FR+FA+LC - red fescue + tall fescue+bird’s-foot-
trefoil; 6. FR+PP+LC - red fescue + Kenthucky bluegrass + bird's-foot-trefoil; FR+PP=MS - red fescue +
Kenthucky bluegrass + alfalfa; FR+DG+TP+LC - red fescue + cock’s foot + red clover + bird's-foot-trefoil.
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*CTaTUCTUYECKN aHa/u3 Ha BapuaHca
(ANOVA), MHOXeCTBEHO CpaBHsiBaHe Ha
CpefHn BeNMYMHM Ype3 Hail-masku cra-
TUCTUYECKN AOKazaHW pas3nmkn (LSDggs).
[JaHHnTe ca 06paboTeHn CbC CTaTUCTU-
yecku codhtyep Stratgraphics Plus v.2.1.

V3aBuTe Ha TpeBocTOWTE B MpO-
OYKTUBHO OTHOLLEHWE, Npy pasnosiaraHe-
TO VMM BbBPXY CWIHO OT/IEEHM MOYBWU,
M3TOYHO W3/I0KEHUE Ha CK/IOHa, umar
Apyra nocsieoBaTesIHOCT B CPaBHEHME C
Tasn BbPXY cnabo orfeeHnTe TakuMBa
(durypa 3). lMNMoBulieHne ce ycTaHOBSsIBa
npes 1995; 1999; 2004; 2006; 2008;
2010; 2011 r. TloHmkeHWe uma npes
1997; 2000; 2001; 2002; 2003; 2007,
2009; 2012; 2013 r. lpe3 Hakon OT
roAvHMTE Ce oTuMTa NNaBHO CHWXaBaHe
(1996; 2005), a npe3 gpyru (1998) cboTBET-
HO noBuLLIEHNE Ha NPOAYKTUBHOCTTA.

*Statistical variance analysis (ANOVA), a
multiple comparison of mean values
through the least statistically proven
differences (LSD 0.05). Data is
processed with Stratgraphics Plus v.2.1
statistical software.

There is different sequence in the
manifestations of grassland in terms of
productivity on soils with high degree of
soil gleying, eastern exposure of the
slope, in comparison with that at a low
degree of soil gleying (Figure 3). An
increase was established in 1995; 1999;
2004; 2006; 2008; 2010; 2011. Decrease
occurred in 1997; 2000; 2001; 2002;
2003; 2007; 2009; 2012; 2013. In some
years was reported a gradual decrease
(1996; 2005), while in others (1998)
respectively there was an increase in

productivity.
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dur. 3. JobmB Ha Cyxo BeLecTBO MNo roanH1 U BapuaHTu B nepuoga 1994-2013 r., B

t.ha'l, CWUJ/THO OrJIeEHU NOYBU

Fig. 3. Dry matter yield in years and variants for the period 1994-2003, in t.ha™,
strongly gleyed soils

NEFEHOA: 1. FR — yepBeHa BnacaTka; 2. FR+FA - yepBeHa BnacaTka + TPbCTUKOBMAHA BfacaTka,; 3.
FR+PP - yepBeHa BnacaTka + nveBagHa meTnvua; 4. FR+LC uepBeHa BnacaTka+3se3gaH; 5. FR+FA+LC -
yepBeHa BnacaTKa+TPbCTUKOBMAHA BlacaTKa + 3Be3faH; 6. FR+PP+LC - yepseHa BnacaTka + imBagHa
MeT/uua + 3ee3gaH;FR+PP+MS - yepBeHa BnacaTka + nMeBagHa meTvua + nouepHa; FR+DG+TP+LC -
yepBeHa BnacaTKa + exosa rnasuua + YepseHa geTesnimHa + 38e3faH.

EXPLANATION: 1. FR - red fescue; 2. FR+FA - red fescue + tall fescue; 3. FR+PP - red fescue + Kenthucky
bluegrass; 4. FR + LC red fescue+bird's-foot-trefoil; 5. FR+FA+LC - red fescue + tall fescue+bird’s-foot-
trefoil; 6. FR+PP+LC - red fescue + Kenthucky bluegrass + bird’s-foot-trefoil; FR+PP=MS - red fescue +
Kenthucky bluegrass + alfalfa; FR+DG+TP+LC - red fescue + cock’s foot + red clover + bird's-foot-trefoil.
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Haii-Bucok p[o6uB OT 4epBeHaTta
B/lacatka, OTIiexjaHa CamMOCTOATEIHO
(9.50 t.ha™), npu cmecBaHe Ha uepBeHa W
TpbCTUKOBMAHA Bnacatka (7.175 t.ha™),
npy 4epsBeHa Bnacatka W 3Be3gaH (8.29
tha'), npu uepBeHa BnacaTka, NMBagHa
MeT/Mua u 3BesgaH (9.125 thal), npw
uyepBeHa BfnacaTka, /iMBajgHa MeT/ivua U
nouepHa (9.255 t.ha™) ce yctaHossiBa npes
1995 r. lNpu CbBMECTHO oOTrnexaaHe Ha
yepBeHa BfnacaTka C /fvBagHa MeTauua
(7.97 tha') ToBa e npes 2006 r. (132
BereTauus), Ha YepBeHa BnacaTka, TPbCTU-
KoBWAHa BnacaTka u 3se3gaH (8.09.5 t.ha™)
npe3 2004 r. (11% BereTauus), Ha yepsBeHa
B/lacatka, exoBa [naBuLa, YepBeHa AeTe-
nuHa v 3Be3gaH (7.783 t.ha™) npes 2011 r.
(18% Beretauus).

3emsATa KaTo 4YacT OT cucTemara Ha
BceneHata e noAanoxeHa Ha MOCTOSIHHO
€HepruiiHo Bb3AElCTBME, C onpeaesneH
puteMm (Wong, 1997; Baggot, 2000;
Madzharov et al, 2002 wn pgp.). MMo-
06CTOHO TO3M BBLMAPOC € o06CbXaaH B
Apyro aBTOpcko wu3cnegsaHe (Mitev and
Naydenova 2016). bu morno ga ce npuemve,
ye KOMMOHEHTWTE Ha OKosiHaTa cpefja, B
Cnyyast MOYBEHO pasnunyne CbC CbOTBETHA-
Ta 6MOTMYHA M abuOTUYHA 4acT, pasHo-
obpasve B CNbHYEBOTO rpeeHe, HepaBHO-
MEPHOCT B OBM@XHABAHETO U T.H. ce
OTHaCAT MO CbOTBETEH HauWH KbM TOBa
Bb3elicTBue. MocoyeHOTO cbh3faBa npes-
MOCTaBKM 3a pas/nune B NPOSIBIEHNETO Ha
KOHKPETHUS pacTuTesieH /TeHeTUYeH mate-
puan, nog TsaxHo BnusHue (Mitev and
Naydenova, 2012).

UepBeHaTa Bnacatka, oTrnexaaHa
CaMOCTOATE/IHO MNPEBBL3X0X/Ja He3Hauu-
T€/IHO N0 NPOAYKTUBHOCT CMECeHUTe W
TPeBOCTOUN C TPLCTUKOBUAHA Bacatka, C
nvMBagHa MeTnuua, cbe 3BesgaH (Purypa
4). TPUKOMNOHEHTHUTE CMECKU M NPEBU-
LaBaT CbLy0 Taka He3HauyuTesiHo B Mpo-
OYKTMBHO  OTHOLIEeHVe. YeTupn KoMm-
NMOHEHTHaTa TpeBHa CMecKa OT yepBeHa
BflacaTka, exosa [NnaByvua, u4epBeHa
JeTenvHa n 3Be3faH e ,,060cob6eHa kaTo
Hali-gobpa 3a palioHa Ha CpepgHa CTapa
nnaHuHa” (Totev and Valkov, 1988).

The highest yield of red fescue,
independently grown (9.50 t.ha™), in
combination of red and tall fescue (7.175
t.ha), or red fescue and bird’s-foot-trefoil
(8.29 tha), or red fescue, Kenthucky
quegrass and bird’s-foot-trefoil (9.125
tha™), or red fescue, Kenthucky
bluegrass and alfalfa (9.255 t.ha'l) was
found in 1995. In joint cultivation of red
fescue with Kenthucky bluegrass (7.97
t.ha'l) in 2006 (13th vegetation), of red
fescue, tall fescue and bird's-foot-trefoil
(8.09.5 t.ha™) in 2004 (11™ vegetation), of
red fescue, cock’s foot, red clover and
bird’s-foot-trefoil (7.783 t.ha™) in 2011
(18" vegetation).

The Earth as a part of the system
of the Universe is subjected to a constant
energy impact, with a certain rhythm
(Wong, 1997; Baggot, 2000; Madzharov
et al., 2002, etc.). This issue is discussed
in details in another author’s study (Mitev
and Naydenova 2016). It might be
assumed that the  environmental
components, in this case soil variation
with the corresponding biotic and abiotic
part, variety in sunshine, irregular
humidification, etc. relate accordingly to
this effect. All this create prerequisites for
differences in the manifestation of the
particular plant / genetic material under
their influence (Mitev and Naydenova,
2012).

Red fescue, when is grown alone,
is slightly superior in productivity to its
mixed grasslands with tall fescue,
Kenthucky bluegrass, with bird's-foot-
trefoil (Figure 4). The three-component
mixtures also exceeded them
insignificantly in productive terms. The
four-component grass mixture of red
fescue, cock’s foot, red clover and bird’s-
foot-trefoil is "differentiated as the best
known for the region of the Central
Balkan Mountain" (Totev and Valkov,
1988).

161



5,2

5,01 4,93 b 4,9s8b

4,81 42zab 4,8=ab
T 4,6 4,53 4 s b
<
- 44

4,21

4,0+ : . . . .

<& \s R & Y % © &
o y Q3<<< y qu (83 va QQX Qx® ;§x
Vv > ’ QQ‘X <8‘x Q}Q 0(0
. . < X
%.

odur. 4. CpegeH gobus B t.ha-1 no BapnaHTK, CUTHO OF/IEEHM NOYBK B Nepuoga
1994-2013 .
Fig. 4. Average yield in t.ha-1 in variants, strongly gleyed soils in the period

1994-2013

NEFEHAA: 1. FR — yepBeHa BnacaTka; 2. FR+FA - yepBeHa BnacaTka + TPbCTUKOBMAHA BfacaTka,; 3.
FR+PP - yepBeHa BnacaTka + nueagHa meTnuua; 4. FR+LC yepBeHa BnacaTka+3se3faH; 5. FR+FA+LC -
yepBeHa BnacaTKa+TPbCTUKOBMAHA BflacaTKa + 3Be3faH; 6. FR+PP+LC - yepseHa BnacaTka + imBagHa
MeT/uua + 3ee3gaH;FR+PP+MS - yepBeHa BnacaTka + nMeBagHa meTavua + nouepHa; FR+DG+TP+LC -
yepBeHa BflacaTKa + exosa rnasuua + yepseHa fleTenmHa + 3se3faH.

EXPLANATION: 1. FR - red fescue; 2. FR+FA - red fescue + tall fescue; 3. FR+PP - red fescue + Kenthucky
bluegrass; 4. FR + LC red fescue+bird's-foot-trefoil; 5. FR+FA+LC - red fescue + tall fescue+bird’s-foot-
trefoil; 6. FR+PP+LC - red fescue + Kenthucky bluegrass + bird's-foot-trefoil; FR+PP=MS - red fescue +
Kenthucky bluegrass + alfalfa; FR+DG+TP+LC - red fescue + cock’s foot + red clover + bird's-foot-trefoil.

*CTaTUCTUYECKN aHa/IM3 Ha Ba-
pnaHca (ANOVA), MHOXeCTBEHO CpaBHS-

*Statistical variance analysis (ANOVA),
a multiple comparison of mean values through

BaHe Ha CpeAHN BeNMYMHW upes3 Haik-manku
CTaTUCTUNYECKN A0Ka3aHU Pas/INKL (LSDggs).
JaHHnTe ca 06paboTeHn CbC CTaTUCTU-
yeckn copTyep Stratgraphics Plus v.2.1.

Mpu ycnosusTa Ha CUIHO OIIeEeHN,
ncesgonoa3osiMcT  MNoYBKM,  U3TOYEH
CK/IOH, TA He rMokasBa 3a nepuoga Ha
npoy4ysaHe npeanMCcTBO B MPOLYKTUBHO
OTHOLlEeHue, npes CaMOCTOATESIHO OT-
rnexgaHarta vyepseHa Bnacatka. CpegHo
3a NMbpBUTE TPU TOAMHM OT U3MON3BaHE
ce ouyepraBa MPeBBL3XOACTBOTO M Hapg
OpyrvTte yyacTsalliy B NpoyyYyBaHETO KOM-
6uHaumn. lMpocnegasaiikn obade cpea-
HaTa NPOAYKTMBHOCT 3a MbpPBUTE YEeTUPK
roOANHK, MOJIOXKEHMETO Cce TMPOMEHA B
nossa Ha 4yepBeHaTa BflacaTka OTrex-
JaHa CbBMECTHO CbC 3Be3faH, Wwin

the least statistically proven differences (LSD
0.05). Data is processed with Stratgraphics
Plus v.2.1 statistical software.

Under the conditions of heavily
gleyed, pseudopodzolic soils, eastern
slopes, it does not show an advantage
during the study period in productive
terms, in  comparison  with  the
independently grown red fescue. On
average, over the first three years of use,
the  superiority over the  other
combinations involved in the study also
emerged. However, following the average
productivity for the first four years, the
situation is changing in favor of red
fescue, cultivated together with bird’s-
foot-trefoil, or red fescue, Kenthucky
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yepBeHa Bflacartka, fiMBagHa MeTamua u
3Be3[aH, Hanpumep.

ChbllecTByBa pasbupaHeTo, 4e no-
BULLEHATA KOHKYPEHTHA CMOCOGHOCT Ha BU-
[loBeTe, M3paseHa upes arpecuMBHOCTTA UM

bluegrass and bird's-foot-trefoil, for
example.

There is an understanding that the
increased competitive ability of species,

expressed through their aggressiveness

(Mc Gilchrist and Trenbath, 1971) cb3gaBa
YC/I0BMS1 3a NOBULLABaHe NPO-AYKTUBHOCTTA
oT TpesocTouTe (Martin and Field, 1984).
BbNpochT 3a ponsita Ha KOHKYpPEeH-
uuata (Casler and Valgenbach. 1990),
UHANMEPEHTHOCTTA MM B3aMMHOTO MOA-
nomaraHe (Mitev and Yasheva 1998;
Wardle, 1987), npu c¢opmupaHe Ha B3a-
VUMOOTHOLLEHNATA MEXIY HSIKOM TpeBU e
anckycuoHeH (Mitev and Petrov, 1999).

(Mc Gilchrist and Trenbath, 1971) creates
conditions for increased productivity of
the grasses (Martin and Field, 1984).

The issue of the role of competition
(Casler and  Valgenbach, 1990),
indifference or mutual assistance (Mitev
and Yasheva 1998; Wardle, 1987) in the
relationship between some grasses is
arguable (Mitev and Petrov, 1999).
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®ur. 5. CpaBHeHWe Ha cpeaHuTe J06UBM BbPXy C1abo 1 CUHO OrfieeHn nousy, t.ha™
Fig. 5. Comparison of average yields on slightly and strongly gleyed soils, t.ha™
NEFEHOA: 1. FR — yepBeHa BnacaTka; 2. FR+FA - yepBeHa BnacaTka + TPbCTUKOBMAHA BfacaTka,; 3.
FR+PP - yepBeHa BnacaTka + nueagHa meTnuua; 4. FR+LC yepBeHa BnacaTka+3se3gaH; 5. FR+FA+LC -
yepBeHa BnacaTKa+TPbCTUKOBMAHA BacaTKa + 3Be3faH; 6. FR+PP+LC - yepseHa BnacaTka + iMBagHa
MeT/mua + 3ee3gaH;FR+PP+MS - yepBeHa BnacaTka + nveBagHa meTivua + nouepHa; FR+DG+TP+LC -
YyepBeHa BnacaTka + exoBa rnasuua + YepeHa geTenmHa + 3Be3gaH.

EXPLANATION: 1. FR - red fescue; 2. FR+FA - red fescue + tall fescue; 3. FR+PP - red fescue + Kenthucky
bluegrass; 4. FR + LC red fescue+bird's-foot-trefoil; 5. FR+FA+LC - red fescue + tall fescue+bird’s-foot-
trefoil; 6. FR+PP+LC - red fescue + Kenthucky bluegrass + bird's-foot-trefoil; FR+PP=MS - red fescue +
Kenthucky bluegrass + alfalfa; FR+DG+TP+LC - red fescue + cock’s foot + red clover + bird's-foot-trefoil.
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CpegHo 3a nepuojga Ha npoyyBaHe
(1994-2013 r.) nNpoOAYKTMBHOCTTA Ha
TPEBOCTOUTE, Pa3No/IOKEHN BbPXY C/1abo
Or/lIEEHN NOYBM € MO-BMCOKA OT Tasu
BbpXy CWAHO orneeHnte (durypa b5).
[obnBute BbPXY CNabo OrneeHn noyswu
ca B rpaHuuute ot 7.199 tha™ npm
CaMOCTOSATE/THO 0Trne>Kp1aHaTa yepBeHa
Bnacatka, Ao 8.26 t.ha”, npu cmeceHo
oTrnexgaHute yepBeHa B/lacatka,
NvBagHa MeT/vua n 3BesgaH. [jobusute
BbPXy CWIHO OF/IEEHM TNO4YBM ca B
rpaHuumrte ot 4.435 t.ha™ npu cmeceHus
TPEBOCTO OT uYepBeHa Bnacatka Wu
TPbCTUKOBMAHA Bnacatka, go 5.09 t.ha'
nMpyM CMECEHO OTINIEXAAHNTE YepBeHa
Bfacarka, imBagHa MeTnuua n 3sesgaH.

N3BOAN

Mpu pasnonaraHe Ha TpeBOCTOUTE,
BbPXy €/1abo OrfieeHn NoysK, Ha MIaHNHCKU
CK/IOH C M3TOYHO W3/I0XKEHUE, ce YCTaHOo-
BABa Ha/Mune Ha onpepgefnieHa PUTMUYHOCT
B O6pasyBaHe Ha qypaxHa Maca. [lpes
HeyeTHUTEe 1995; 1997; 1999; 2001; 2003r.
[06uBMTE Cca No-BUCOKU B CPaBHEHWE C Te3un
npe3 4yetHute TakmMBa 1996; 1998; 2000;
2002r. MNMocnepoBaTenHocTTa ce MNPOMEHS
npe3 2004; 2006; 2008; 2010. Mpe3 2011 n
2013 r. pobrBuTe OTHOBO Ca MNO-BMCOKA B
cpasHeHue ¢ Te3n o1 2012 .

N3aBuTE Ha TpeBocTOMTE B MPOAYK-
TMBHO OTHOLUEHWE NpW pasnosiaraHeTo UM
BbPXy CUMHO OFNIEEHU MOYBKU, W3TOYHO
W3/I0KeHWe Ha CK/I0Ha, umar gpyra
nocnefoBaTenIHOCT B CPaBHEHWE C Tasu
Bbpxy cnabo orneeHute takusa. losuiue-
Hue ce ycTaHoBsBa npe3 1995; 1999; 2004;
2006; 2008; 2010; 2011 r. NMoHWXeHne nma
npe3 1997; 2000; 2001; 2002; 2003; 2007;
2009; 2012; 2013r. MNpe3 HAKOWM OT roguHUTE
ce oTuyuTa nnaBHO cHmxasaHe (1996; 2005),
a npe3 gpyrn (1998) cbOoTBETHO MOBULLEHNE
Ha NPoAyKTUBHOCTTA

CpefHo 3a nepuoja Ha npoy4ysaHe
(1994-2013 r.) NPOLYKTUBHOCTTA Ha TPeBO-
cTouTe,  pasnofiokeHn  BbPXY  cnabo
Or/IEEHN MOYBU € MO-BUCOKA OT Ta3n BbpPXY
CW/THO OrneeHuTe.

On average, during the survey
period (1994-2013), the productivity of
grasses on slightly gleyed soils is higher
than that of heavily soiled ones (Figure
5). The yields on slightly gleyed soiled
range from 7.199 t.ha™ in the case of
independently grown red fescue, to 8.26
tha™, in the mixed cultivation of red
fescue, Kenthucky bluegrass and bird’s-
foot-trefoil. The yields on heavily gleyed
soils are in the range of 4.435 t.ha™* with
mixed grasslands of red fescue and tall
fescue, up to 5.09 tha™ in combined
cultivation of red fescue, Kenthucky
bluegrass and bird’'s-foot-trefoil

CONCLUSIONS

When grasslands are located on
soils with low gleying, at a mountain slope
with eastern exposure, a certain rhythm in
the formation of feed mass in the variants
is found. In odd years 1995; 1997; 1999;
2001; 2003 yields were higher than those
in the even years 1996; 1998; 2000; 2002.
The sequence changed in 2004; 2006;
2008; 2010. In 2011 and 2013, vyields
were again higher than in 2012.

There is different sequence in the
manifestations of grassland in terms of
productivity on soils with high degree of soil
gleying, eastern exposure of the slope, in
comparison with that at a low degree of soil
gleying. An increase was established in
1995; 1999; 2004; 2006; 2008; 2010; 2011.
Decrease occurred in 1997; 2000; 2001;
2002; 2003; 2007; 2009; 2012; 2013. In
some years was reported a gradual
decrease (1996; 2005), while in others
(1998) respectively there was an increase in
productivity.

On average, during the survey
period (1994-2013), the productivity of
grasslands on slightly gleyed soils was
higher than that of heavily gleyed soils’
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PE3OME

W3cnepsaHeTo BKIOYBA pesyntaTu
oT 20 rogmweH (1994-2013) nepuof Ha
n3non3saHe Ha 4YepBeHa  BJacaTka
oTrnexaaHa camoCcTOATENIHO U B CMeC C
Apyrv nvBagHu TpeBu. TpesocTouTe ca
cb3gajeHn B palioHa Ha CpegHa Crapa
naaHnHa, BbPXY U3TOYEH CKMOH, cnabo u
CWJ/THO Or/IeeHU NOYBW.

BrnooBuaT cbCTaB Ha TpeBoCTOUTE
€ NpoOMeHNMBa BenuuuHa. Toi e B npska
Bpb3Ka C MEeCTOOOMTaAHMETO Ha BCEKU
e/1H OT TAX. 3aceTuTe NMBafgHN BULOBE C
MecTeH npomsxog npeobnagasaTr npes
no-rosigsMaTa 4act OT BPEMETO Ha eKcre-
puMmeHTa. YepseHarta BiacaTka € CTPykK-
Typoonpeaensawmar TpeBoCTOUTE KOMIO-
HEHT. YCTaHOBM Ce camo3acsiBaHe Ha
Apyrv nvBafHv BUAOBE C MECTEH Npous-
xon. B kpas Ha oTtyeTHUA nepuop (2006-
2013 r.), BbpXy cnabo orsieeHuTe noysu
Ce OCblLeCTBSABA 3HAYUTE/THO 3arsieBens-
BaHe C npeacrasuTenn Ha pog MeTnunum-
Ha (Centaurea). enbT um npes 2013 r. B

SUMMARY

The study includes the results of a
20-year period (1994 - 2013) for the use
of red fescue, grown alone and mixed with
other meadow grasses. The grasslands
have been created in the region of the
Central Balkan Mountain, on the eastern
slope, at low and high degree of soll
gleying

The species composition  of
grasslands is a variable. It is in a direct
connection with the habitat of each of
them. The meadow grasses of local origin
dominated over most time of the
experiment. Red fescue is a component
that determines the structure of the
grasslands. There was self-sowing of
other meadow species of a local origin. At
the end of the reporting period (2006-
2013), a significant weed infestation
occurred with representatives of genus
Centaurea on slightly gleyed soils.

Their share in 2013 in mixed grassland of
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CMeceHus1 TPeBOCTOl OT YepBeHa Bnacar-
Ka W JvMBagHa wMeTnMua goctura Ao
58.4%, a OT 4yepBeHa W TPBLCTUKOBUAHA
Bnacarka fo 50.2%. Cb3gageHuTe Tpeso-
CTOM BBbPXY CWU/IHO Or/IEEHM NOYBU MOKa3-
BaT CNOCOBHOCT 3a CaMOBb3CTaHOBSABaHe
1 caMoouncTBaHe OT NJeBesu.

Cunta ce, 4ye TOBa NnoBefeHue Mpo-
U3Tn4ya OT Ha/IMuMe UK JIMNca Ha CUHXPOH
Ha  KOHKpPEeTHWA  pacTuTeneH/reHeTnyeH
maTtepuan ¢ putbMa B MNpupoaaTa.

KnwouoBn agymn: cbCTaB  Ha
TpeBocTOoUTE, CKIOHOBEe, CTapa nnaaHuHa,
Xunortesu

YBO/,

BbnpochT 3a BAUAHWETO Ha BUAO-
BOTO pa3Hoobpasve Bbpxy AobuBa Ha
TPEBOCTOUTE € M3K/TUYUTESTHO C/IOXKEH
(Schmid, 2002). PasnnuHuTe asTOpYU
npegnountatr ga ce okycupar BbPXY
efHa OT cTpaHuTe B Hesd. OTrnexpaHeTo
Ha CamMOCTOATENIHW WIW CMECEHM TPEBO-
cTou, C no-mManbK WM No-ronsiMm 6poi
KOMMNOHEHTUN, ce onpefens OT KOHKpeT-
HATE  yCcnoBUS  Ha  MecToobuTaHue
(Sanderson et al., 2004). CnopbT OTHOCHO
npegumcTeara ¥ HegoctaTbuuTe nNpu
Cb3aBaHe Ha CaMOCTOSATE/THU U CMECEHMU
TpeBocTOoM MMa nosedve oT 100-roguiiHa
uctopus (Darwin, 1872).

MHoro palioHn Ha bBankaHckus
MoslyoCTPOB KaTo LsAM0, a B 4YaCTHOCT U
Bvnrapusa, BkAwYBaT peguua BTOPUYHM
LUeHTpoBe Ha (hopmoobpasyBaHe, MpsiKo
CBbp3aHu C OCHOBHUA Ha Annute. Bcunukun
Te ca 4acT oT 06wms bankaHckn hopmo-
o6pasysaly UeHTbp (Kozhuharov, 1986).
NlnBagHMTE BMOOBE C MECTEH MPOM3Xon4
ca Cepuo3eH M3TOYHUK MpK Cb3gaBaHe Ha
HoBu copToBe (Goranova-Naydenova
2002; Mitev, 1997)). Te npuTexasar npe-
AVMCTBOTO ga ¢hopMmpaT BMCOKONPOAYK-
TMBHM W AbATOTpaiHM TPEBOCTOW, CbB-
MECTHO C ApYyrv BUAOBE, NPY KOHKPETHUTE
ycnosuss Ha mectoobutaHue (Naydenova
and Mitev, 2008; Mitev et al., 2013 n gp.).

Llen Ha HacToAWOTO n3cneasaHe e
U3ACHABAHE Ha onpegenieHn MOMEHTH,
CBbp3aHN C AbATOTPanHOCTTa Ha HSAKOU

red fescue and Kenthucky bluegrass
reached 58.4%, and that of red and tall
fescue reached up to 50.2%. Created
grasslands on heavily gleyed soils show
the ability of self-recovery and self-
purification from weeds.

It is believed that this behavior
stems from the presence or lack of
synchronization of the particular plant /
genetic material with the rhythm in Nature.

Key words: composition of
grasslands, slopes, Balkan Mountains,
hypothesis

INTRODUCTION

The question of the impact of
species diversity on the vyield of
grasslands is extremely complex (Schmid,
2002). Different authors prefer to focus on
one of its aspects. The -cultivation of
single or mixed grasses with a fewer or
greater number of components is
determined by specific habitat conditions
(Sanderson et al., 2004).

The dispute over the advantages and
disadvantages of creating single and
mixed grasslands has had more than a
100-year history (Darwin, 1872).

Many areas of the Balkan
Peninsula as a whole, and in particular
Bulgaria, include a number of secondary
centers of creation of new genetic
material, directly linked to the main one in
the Alps. They are all part of the general
Balkan genetic material creation center
(Kozhuharov, 1986). Meadow species of
local origin are a serious source of new
cultivars  (Goranova-Naydenova 2002;
Mitev, 1997). They have the advantage of
forming high-productive and long-lasting
grasses, together with other species,
under the specific habitat conditions
(Naydenova and Mitev, 2008; Mitev et al.,
2013 etc.).

The aim of the present study is to
clarify certain aspects related to the
sustainability of some artificial meadow

168



W3KYCTBEHW /MBafHW  TPEBOCTOM, C
yyacTMe Ha u4epBeHaTa Bracartka, npu
pasnosiaraHeTo UM BbPXY U3TOYEH CK/IOH
Ha CpegHa Crtapa nnaHuHa, cnato wu
CWJ/IHO OT/IeEHMN MOYBM.

MATEPVAJT U METOOU

O6xBaHaTuTe B TOBa NpOy4YBaHe
TPEBOCTOM ca  pasnofioKeHN  BbpXy
N3TOYEH CK/IOH Ha nnaHuHaTa. lNoysaTa e
nceBAoNoOA30/MCTa, CbC CUNHO U cnabo
HMBO Ha ornesisaHe (Penkov, 1998).
O6xBaHaTuTe MectoobmuTaHus ca 4act oT
eflHa no-rosisMa cxema Ha eKOJIorMyYHO
M3NMTBaHE Ha Cb3hadeHn B palioHa
COpTOBe M nonynauum nMBafHuU TPeBswu, ¢
MecTeH npousxopg (Mitev and Belperchinov,
2000). Ta3n ¢ HUCKa cTeneH Ha ornesiBa-
He, npu 3anaraHe Ha onuta, ce
Xapaktepmsnpa C pHpq~4.7; 0OMEHHU
KatnoHnm B meqv/100 g.nousa: Al-0.6-1.0;
Mn-0.3-0.8; Ca + Mg-0.9-11.1. Mpwn BUCOKa
CTENeH Ha orfiesBaHe ce YCTaHOBsBa, Ye
pHixar € 3.9-4.0; 0BMEHHWTE KaTMOHU B
meqv/100 g. nousa: ca Al-1.3-1.6;
Mn-0.6-1.3; Ca+Mg-3.6-4.5.

OnuTBLT e 3a/10KeH npe3 nponetra
Ha 1994 r., no 6nokoBus meton, B 4
NOBTOPEHUSA, C rOfIEMUHA Ha onuTHaTa
napuena ot 4 mZ2. B nousa, posefeHa fo
rpagMHCKO CcbCTOAHME, ca 3aceTn no 800
Kb/HSIEMOCNOCOGHN ceMeHa Ha 1 m° B
CMeceHuTe TPeBOCTOW, KOMIMOHEHTUTE
yyacTteaT ¢ no 1/2; 1/3; 1/4 ot centbeHunte
CM HOpPMU 3a CamoCTOsITeNIeH MOCEB,
Cbl/lacHO BapuaHTute. Te ca 3acetu
pasnpbcHaTo, pBbYHO, Kato  cnep
centbata e BasmpaHo. lpe3 roguHa e
TopeHo c¢ P80 Kg.ha'l n K80 Kg.ha'l,
cumtaHo ot 1995 r., npeau Havyasi0TO Ha
BeretaumMss Ha TpeBuTe B palioHa.
MoaxpaHBaHo e exerogHo ¢ N80 Kg.ha'l,
cuntaHo ot 1995 r., nNpu 3anoysBaHe Ha
BeretaumaTa Ha TpesuTe. TpeBocTouUTe
ca nokKocsiBaHu Npu HaBnu3aHe BbB hasa
Mb/IHO M3METNABaAHe-HaYaNo Ha UubgTex
npu >XWTHWUTE TpeBn wu ByTOHU3AUMA-
HayYasio Ha Ub(pTex Ha 6060BUTE.
OtuntaH e O6oTaHWYeH CbCTaB Ha
TpeBocTouTe. [lpoyyBaHu ca cnegHuTe

grasslands with the participation of red
fescue, when they are located on the
eastern slope of the Central Balkan
Mountain, on slightly and heavily gleyed
soils.

MATERIAL AND METHODS

The grasses covered in this study
are situated on the eastern slope of the
mountain. The soil is a pseudopodzolic,
with a strong and low level of gleying
(Penkov, 1998). The habitats covered are
part of a larger scheme of ecological
testing of cultivars and populations of
meadow grasses of local origin, which
were created in the region, (Mitev and
Belperchinov, 2000). The slightly gleyed
soils, at setting of the experiment, are
characterized by pH// - 4.7, the
exchange cations in meqv/ 100 g soil: Al-
0.6-1.0; Mn-0.3-0.8; Ca + Mg-0.9-11.1.
The high degree of gleying is
characterized by pH/o/ of 3.9-4.0;
exchange cations in meqv / 100 g soil: Al-
1.3-1.6; Mn-0.6-1.3; Ca + Mg-3.6-4.5.

The experiment was set in the
spring of 1994, using the block method, in
4 replications, with a plot size of 4 m?. In
soil that has been brought to a garden
state, 800 germinating seeds were sown
per 1 m® In mixed grasslands, the
components are 1/2; 1/3; 1/4 of the
sowing standards for individual crops
according to the variants. They were sown
in a scattered method by hand, as after
sowing it was rolled. Every second year,
the experiment was fertilized with P80
kg.ha™ and K80 kg.ha™, reported from
1995, before the beginning of the
vegetation of the grasses in the region.
Each }/ear, the ground was fed with N80
kg.ha™, since 1995 in the beginning of
vegetation of grasses. Grasslands were
cut in the phase of full tasseling-beginning
of flowering of some grasses and
budding-beginning  of  flowering  of
legumes. Botanical composition  of
grassland was reported. These types of
grasslands were studied: 1 var. red
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TunoBe TpeBocTou: 1 Bap. uepBeHa
B/lacaTka-caMoCTosITe/IHO, 2 Bap. YepBeHa
Bracatka+TpbCTMKOBMAHA Bracatka, 3 Bap.
uyepBeHa BfacaTka+nuMBagHa MeTnuua, 4
Bap. yepBeHa BnacaTka + 3Be3faH, 5 Bap.
yepBeHa B/jlacatka + TPbCTUKOBUAHA
Bnacatka + 3Be3fjaH, 6 Bap. uepBeHa
Bfacatka + nMBajHa MeTnuua + 3Be3faH, 7
Bap uepBeHa BnacaTka + /wmMBafgHa
MeTvua+ JilouepHa, 8 Bap. uepBeHa
Bacatka + exoBa rfnaeuua + uvepsBeHa
JeTenuHa + 3Be3fgaH. CemeHata ca ¢
MECTEH MPOM3X0L, C U3K/KYEHME Ha Tesun oT
yepBeHa pgetennHa (c. Viola) n exosa
rnaesuua (c. AvbpaBa), KONTO € GbArapcku.

PE3YJITATU N OBCBXXOAHE
Mpu ycnoemsitTa Ha onuTa YepBeHa-

Ta Bfacatka e CTpyKTypoonpegensi, B
TpeBoCTOUTE KOMMNOHEHT (durypa 1).
3acata €aMOCTOAAITE/THO BbpXy c1abo
orfieeHun noyswu, Ta goctura go 91.7% ot
obwaTta ypakHa maca npe3 1999 r. Vima
nepuoaM Ha CHWKEHO HelMHO y4acTue
(2001-2003), nocnegBaH OT yBenu4yaBa-
HeTo U. YepBeHaTa BriacaTka U3Us/I0 [o-
MUWHMpPa NPU CbBMECTHOTO U OTIIeXaaHe
C J/wmBagHata wMeTnmua. Haii-ronamo
HeliHO yyacTue 3a yCc/noBusATa Ha onuta ce
yctaHoBaBa npe3 2001 r. — 77.8%. Ta
npeobnagasa npM  CbBMECTHOTO U
oTrnexgaHe CcbC 3Be3faHa, kakto v npwu
cMeceHOTO U oTrnexgaHe C nmBagHa
MeTnMua v 3BesfaH. Tebpae cnabo e
NPUCHCTBMETO Ha NMBagHata Metvua u
npv CbBMECTHOTO U OTr1exaaHe ¢ yepse-
Ha Bnacatka un nwouepHa. Mpyu onwr,
npoBeAeH C MOCMefHUTE [BE TPEBHU
KOMOMHauMs B npeaxodeH nepuog, ce
YCTaHOBM 3HAYUTENIHO MPUCHCTBME Ha
NMBagHaTa MeTnMua B obuata dypaxHa
mMaca (Mitev, 1995). Moxe pa ce
npeanosioxu, Ye pasnuneTo ce Ob/DKU
Ha TOBa, kora e dhopmupaH onpegeneH
pacTtuTeneH/reHeTM4YeH MaTepuasn u Kora
3anoyBa XU3HEHUAT MY LWKbA, B CbOT-
BeTCTBME C puTbMa B MNpupogata (Mitev
and Naydenova, 2012). Ta3u Herosa
cneyndmka HEMUHYEMO BAUSiE BbPXY
doopMupaliMTe ce B3aUMOOTHOLLUEHUS B
TpesocTouTe (Mitev  unpublished). Yepse-

fescue-independently, 2 var. red fescue +
tall fescue, 3 var. red fescue + Kenthucky
bluegrass, 4 var. red fescue + bird's-foot-
trefoil, 5 var. red fescue + tall fescue +
bird's-foot-trefoil, 6 var. red fescue +
Kenthucky bluegrass + bird’s-foot-trefoil, 7
var. red fescue + Kenthucky bluegrass +
alfalfa, 8 var. red fescue + cock’s foot +
red clover + bird’s-foot-trefoil.

The seeds are of local origin with the
exception of those of red clover ('Viola')
and cock’s foot (‘Dabrava’), which is a
Bulgarian cultivar.

RESULTS AND DISCUSSION

Red fescue is a structure
determining component in the conditions
of the experiment. When it is sown as a
single culture on slightly gleyed soils, it
reached up to 91.7% of the total forage
mass in 1999. There are periods when its
participation decreased (2001-2003), then
it was followed by its increase. Red
fescue is entirely dominant in its joint
cultivation with Kenthucky bluegrass. It
gained the largest participation in the
conditions of the experiment in 2001 —
77.8%. It also dominates in its joint
cultivation with bird's-foot-trefoil, as well
as in its joint cultivation with Kenthucky
bluegrass and bird's-foot-trefoil. The
presence of Kenthucky bluegrass is also
rather weak in its joint cultivation with red
fescue and alfalfa. In an experiment
carried out with the last two grass
combinations in a previous period, a
significant  presence of  Kenthucky
bluegrass was found in the total forage
yield (Mitev, 1995). It can be assumed
that the difference is due both to the
period of formation of the particular
plant/genetic material and when it begins
its life cycle, according to the rhythm in
Nature (Mitev and Naydenova, 2012).

This specificity inevitably influences the
formation of relations in the grasslands
(Mitev, unpublished). Red fescue was in
depressed condition during the initial
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HaTa B/acaTka e B NMOTUCHATO CbCTOSHMNE
B Hayas/HUs Nepuoj Ha CbBMECTHOTO U
oTrnexgaHe ¢ TpbCTUKOBMAHATa Bnacar-
Ka. HamansisaHe OTHOBO Ha HelHuA gAn B
TpeBocTodA, B nepuoga 2001-2003 r.,
nopaxaga npeanosiokeHNeTo, Ye Toi He e
0CO6EHO 6/1aronpuATEH 3a NO-roNSAM HEWH
pactex u passutne. Cnep 2008 r. 3ace-
TMTe TpeBU umart crabo npefctaBsiHe B
obulaTa thypaxHa maca.

period of its joint cultivation with the tall
fescue.

The decrease in its share in the grassland
in 2001-2003 suggests that the period
was not particularly favourable for its
greater growth and development. Since
2008, sown grasses had a poor
performance in the total forage yield.
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Fig. 1. Botanical composition of grasslands in %, first regrowth, slightly gleyed
soils, 1994-2013

NEFEHAA: 1. FR — yepBeHa BnacaTka; 2. FR+FA - yepBeHa BnacaTka + TPbCTUKOBMAHA BnacaTka; 3.
FR+PP - yepBeHa BnacaTka + nueagHa meTnuua; 4. FR+LC uepBeHa BnacaTka + 38e3faH; 5. FR+FA+LC
- yepBeHa BflacaTka + TPbCTUKOBUAHA BnacaTka + 3Be3gaH; 6. FR+PP+LC - yepBeHa BnacaTka +
nvBagHa MeTnuua + 3Be3fgaH; 7. FR+PP+MS - yepBeHa BnacaTka + nvBagHa meTvua + nouepHa; 8.
FR+DG+TP+LC - yepBeHa BnacaTka + eXoBa rnasuua + yepseHa feTenmHa + 3se3faH

EXPLANATION: 1. FR - red fescue; 2. FR+FA - red fescue + tall fescue; 3. FR+PP - red fescue + Kenthucky
bluegrass; 4. FR + LC red fescue+bird's-foot-trefoil; 5. FR+FA+LC - red fescue + tall fescue+bird's-foot-
trefoil; 6. FR+PP+LC - red fescue + Kenthucky bluegrass + bird's-foot-trefoil; 7. FR+PP+MC - red fescue +
Kenthucky bluegrass + alfalfa; 8. FR+DG+TP+LC - red fescue + cock’s foot + red clover + bird’s-foot-trefoil

TpbCTUKOBUAHATA Briacatka nOMU-
HMpa CbWO Taka Mpu CbBMECTHOTO U
oTInexjaHe C YepBeHa BnacaTka u 3Bes-
AaH npe3 nbpeuTe 10 rognHn (1994-2003)
Ha oTyeTHWS nepuog. Mankmart Asn Ha
exosara rnasvua W 3Be3faHa, B
TPEBOCTOSA NPW CMECEHOTO UM OTrnexaa-
He C YyepBeHa B/flacatka n YyepBeHa geTte-
NHa, Npeau3BUKBa XefaHne fa ce npe-
OCMUCAM LenecbobpasHocTTa Ha Tasu
KOMOUHaums, ,060cobeHa kaTo Haii-
Jobpa 3a pailioHa Ha CpegHa Crapa

Tall fescue dominated also in its
joint cultivation with tall fescue and bird’s-
foot-trefoil during the first 10 years
(1994-2003) of the reported period. The
small share of cock’s foot and bird's-foot
trefoil, in the grassland in their joint
cultivation with red fescue and red clover,
provoke the willingness to reconsider the
appropriateness of this combination,
"distinguished as the best for the Central
Balkan Mountain" (Totev and Valkov,
1988). We believe that, under the
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nnaHuHa" (Totev and Valkov, 1988). Cun-
Tame, 4ye npu ycrioBmsaTa Ha onuTa HU Cb-
LecTByBa onpegesieHa HeCbBMECTUMOCT
(2x2) mexny XnTHuTe (exoBa rnaesvuya u
yepBeHa Bnacartka) n 606oBsuTe (YepBeHa
JeTenuHa v 3BesfaH) KOMNoHeHTw. Mog-
60pbT UM 61 TpsAGBaAIo Aa ce N3BBbPLUN B
3aBMCMMOCT OT [AbATOCPOYHOCTTA Ha
uHTepecute. bu morno ga ce cbnocTaBsaT
Te3n pesyatatu C Apyru, ot NpeaxopeH
aBTOPCKM  EKCMEPUMEHT,  pas3nosioKeH
BbpXy Cflabo OrfieeHn MOYBM, HO Ha
paBeH TepeH, npu KONTO exoBarta
rnasnua uma nbaHo Hagmowme — 92.0%,
Ha BTOpa Beretauua n 88.0% Ha Tpeta.
Ta3n HeliHa arpecMBHOCT o0baye He
ocurypsisa npeBsec B NPOAYKTUBHOCTTA Ha
YETUPUKOMMOHEHTHUSA  TPEBOCTOW  Haj
CMecCeHuUTe TakvMBa OT YepBeHa BfacaTka
1 3Be3[4aH, YepBeHa BsiacaTka, TPbCTUKO-
BMAHa Bnacatka v 3BesfgaH. B no-manko
e npogykuusta U, B CpaBHEHME C TPEBO-
CTOA OT 4epBeHa BracaTka, /vBagHa
mMeTnmua 1 3sesgaH (Mutes, 1996).

Ot 2000 r. 3anoysa MOBCEMECTHO
camo3acsiBaHe B Cb3gafeHuTe TpPeBo-
CTOW Ha Apyrv nvMBagHu TPeBU C MeECTEH
npousxon, ToBa ce NocTura 3a CMeTKa Ha
ChbllecTByBaly B noyBaTa CeMeHa Ha
6ana petenuna (Trifolium repens L.), xme-
nosugHa nouepHa (Medicago lupulina L.),
3gesgen (Trifolium campestre Schreb.),
3naToxbnta getenvHa (Trifolium agrarium
L.) u gp. N3BeCTHO e B/MsAHWE Ha reo-
rpadockoTO MECTOMOJIOKEHNE BBPXY KO-
JINYECTBOTO Ha Ha/IMYHUTE CEMEHA, Cb3-
JaBalln npeanocTaBkyn 3a ToBa SIB/IEHME
(Tracy and Sanderson, 2004). Hannuve
Ha camo3acsinia ce bssa getenmHa ce
yCTaHOBSIBA OCBEH B Apyrn nybnukauun
Ha aBTopute (Mitev and Naydenova,
2012; Mitev et al., 2013), Taka 1 B paio-
Ha Ha Ckanuctute nnaHMHM Ha CALL,
(Tracy and Sanderson, 1999). 3acetute
N camosacenuTte ce TpeBU NPOTUBOLEN-
CTBaT peaM3npaHeTo Ha MEeCTHUS nJe-
BEJIEH KOMIJIEKC.

Mpes rogmMHUTE Ha NPoy4YBaHEeTO ce
NMpoOMeHs BuAaoBaTa MNPUHAANEXHOCT Ha
nnesenute. MNo-ronsgm e TEXHUSAT AAn B

conditions of our experiment, there is a
certain incompatibility (2x2) between
grass (cock’s foot and red fescue) and
legume (red clover and bird's-foot-trefoil)
components. Their selection should be
based on the long-term nature of the
interests.

These results could be compared with
others from a previous authors’
experiment on slightly gleyed soils, but on
a flat terrain where the cock’s foot had the
full prevalence of 92.0% at the second
vegetation and 88.0% at the third. Its
aggressiveness, however, does not
provide superiority in the productivity of
the four-component grassland over the
mixed ones of red fescue and bird's-foot-
trefoil, red fescue, tall fescue and bird’s-
foot-trefoil. Its production is less in
comparison to the red fescue, Kenthucky
bluegrass and bird's-foot-trefoil (Mitev,
1996).

Since 2000, there has been a
general self-sowing in the created
grassland of other meadow grasses of
local origin. This is achieved at the
expense of seeds of white clover
(Trifolium repens L.), black medick
(Medicago lupulina L.), low hop clover
(Trifolium campestre Schreb.), large hop
clover (Trifolium agrarium L.) etc., which
exist in the soil Geographic location is
known to affect the amount of seed
available, creating prerequisites for this
phenomenon (Tracy and Sanderson,
2004). The presence of self-sown white
clover is found in other authors’
publications (Mitev and Naydenova,
2012; Mitev et al., 2013) and in the area
of the Rocky Mountains in the United
States (Tracy and Sanderson, 1999). The
sown and self-sown grasses counteract
the realization of the local weed complex.

Over the years of the present
study, the weed species have changed.
Their share has been greater in

173



TpeBOCTOWTE BbPXY Cnabo Or/ieeHuTe nou-
BW, Mpe3 nocnefHata TpeTUHa Ha ekcrne-
pvMeHTa. 3ansieBensiBaHeTo Ha CMeceHus
TPEBOCTOV OT YepBeHa BfacaTka, TPbCTU-
KoBMHa Bfacartka 1 3se3gaH, npes 2009 r.
poctura 60.7%, a npe3 2013 e 50.2%. B
nocnegHarta rogMHa Ha HacTosILLeTO NpoyY-
BaHe (2013), genbT Ha neBennTe B TPEBO-
CTOS OT YepBeHa Bnacatka, vMBajHa MeT-
nuua u 3BesgaH goctura o 58.4%. lMpu
ToBa MecTtoobuTaHue, ce pasnpocTpaHsaBaT
NMOBCEMECTHO NpeAcTaBATENM  OT  POA,
Centaurea. B nocnegHute roavHM Ha
ekcnepumeHTa (2008-2013), ce ycTaHOBsIBa
3HAUMTENIHO NPUCHCTBME HA METANYMHA.
Mpu Bucoka cteneH (dPurypa 2) Ha ornes-
BaHe ce cpewar camo OTAeNHN TexHu
npeactasutenn. MpuunHMTE 3a pasHoposa-
HOCTTa Ha HabnwpaaBaHOTO sB/eHWE 6uU
cnegBano fda ce notbpcAT. 3a oT6ensis-
BaHe e, Ye pusocepHata siopa n gayHa
pearvpar Ha OKa3BaHOTO BMWsSHME, KaTo
OTAENsT B OKOJTHOTO MPOCTPAaHCTBO peavua
OMOMNOTMYHO-aKTUBHN  CbeAuHeHus. To3u
npouec BoAM A0 NPOMSHA HA XMMUYHATa W
OMOXUMMYHA  CBLWHOCT Ha  nouysBaTa
(Callaway and Ridenour, 2004).

B nopeguua OT eKkcrnepumeHTn e
NpoyyeHO  anesionatuyHoTO  Bb3feit-
CTBUWE, OKa3BaHO OT LUMPOKO pa3npocTpa-
HeHuTe Bupose Centaurea maculosa
(nMbcTpa 4yepBeHa MeETAMYUHA, pasnpo-
cTpaHeHa B W3TouHa EBpona) wu
Centaurea diffusa (6s.na yepBeHa mMeTnn-
UnHa, pasnpocTpaHeHa B Mana A3nda wn
BankaHute) (Asia Minor: Turkey, Syria),
the Balkans: Bulgaria, Greece, Romania,
Ukraine, and southern Russia). Te3un Bu-
[oBe 3aBnagfAsaT Bce MNO-rosiemMu Mnpo-
ctpaHctBa B CALl n KaHaga. YctaHoBe-
HO e B/ISIHWE He camo BbPXY yAb/nKasa-
He KOpeHWTe Ha NvMBafHUTE TPEeBW, HO U
npoMsiHa B AeliHoCcTTa Ha TaxHata pu3o-
cthepa (Bais et al., 2002, 2003; Callaway
and Aschehough, 2000). Bais et al.,
(2003) nokassaT anenonatuyHUs edekT
okasaH ot C. maculosa ype3 nHterpupa-
He Ha ekonorudeH, dmnsnonoruyeH, 6mo-
XUMUWYEH, K/TeTbYEH U reHeTUYeH Noaxos.
Mpu cbnocTaBka, B CbAOBU OMUTK, Ha
NposiBUTE Ha amMepPUKaHCKN 1 eBPONeCKu

grasslands on slightly gleyed soils in the
last third of the experiment. The weed
infestation in the mixed grassland of red
fescue, tall fescue and bird's-foot-trefoil,
in 2009 reached 60.7%, and in 2013 it
was 50.2%. In the last year of the present
study (2013), the proportion of weeds in
the grassland of red fescue, Kenthucky
bluegrass and bird’s-foot-trefoil rose up to
58.4%. In this habitat, representatives of
genus Centaurea are widely spread. In
recent years of the experiment (2008-
2013), a significant presence of centaury
has been found. At a high degree (Figure
2) of gleying, only individual
representatives are encountered. The
reasons for the heterogeneity of the
observed phenomenon should be sought.
It is noteworthy that rhizospheric flora and
fauna react to the effect by releasing into
the surrounding area a number of
biologically active compounds. This
process leads to a change in the
chemical and biochemical nature of the
soil (Callaway and Ridenour, 2004).

In a series of experiments, the
allelopathic effects have been studied of
widely distributed species, such as
Centaurea maculosa (spotted knapweed,
native to Eastern Europe) and Centaurea
diffusa (white knapweed, native to Asia
Minor and the Balkans )(Asia Minor:
Turkey, Syria), the Balkans: Bulgaria,
Greece, Romania, Ukraine, and southern
Russia). These species conquer ever
larger areas in the United States and
Canada.

There is an influence both over the
extension of roots of grasses and also a
chage in the activity of their rhizosphere
(Bais et al.,, 2002, 2003, Callaway and
Aschehough, 2000). Bais et al., (2003)
show the allelopathic effect of C.
maculosa by integrating an ecological,
physiological, biochemical, cellular and
genetic approach. When comparing, in
vascular experiments, the manifestations
of American and European grass

174



TPpeBHW BWAOBe, Te YyCTaHOBABAT [MoO-
ronsMara ycTOWYMBOCT Ha Tes3u OT
EBpona. Te3n aBTopu (Bais et al., 2003)
ocnopsart TpPaauLMOHHOTO pasbupaHe 3a
ponAta Ha asnenonatvAaTa [1aBHO B
o6nacTTa Ha KOHKypeHUusTa 3a pecypcu-
Te Ha okonHarta cpepfa. Te nogyeptasaT
3HAYEeHMeTo Ha BGUOXUMMUYHNA NOTEeHLMasl
Ha nocoyeuTe (nNneBenHW) BUAOBE,
BNMSEL, AMPEKTHO BbPXY reHeTukata Ha
cbnbTCTBaALUUTE M TPEBU. 10 TO3K HAUNH
Centaurea maculosa noTncka TeXHM
OCHOBHW XW3HEHW NpoLecHu.

UepBeHaTa Bnacartka e CTPYKTypo-
onpefens, TPEeBOCTOUTE  KOMMOHEHT,
npy pasnonaraHeTo WM BbPXY CUTHO
orneeHn nousu (durypa 2). Mpu camo-
CTOATENHOTO U 3acsiBaHe U OTriexjaHe,
TS [OMUHMpPA C MaJslKM U3KIHYEHUS
(2004; 2005; 2009 r.) npe3 nepuofa Ha
uscnegBaHe. fensT U npe3 1998 .
poctura o 88.5%, a npes 2008 r. (15°
Beretaunsa) — Ao 67.7%. [MocoyeHuTe
W3K/IIOYEHUA MoKa3BaT Bb3MOXHOCTTa Ha
TpeBocTosA U 3a camoouucTBaHe OT ne-
BENM M 3a camMOBb3CTaHOBsBaHe. Tasu
CMOCOBGHOCT € Ba/ngHa He camo 3a
CaMOCTOAATENIHO OTrfexjaHara 4yepsBeHa
B/flacarka, HO U 3a TpeBHUTE KOMOMWHa-
LMK, B KOUTO TA € BKNOUeHa. YepBeHaTa
B/lacaTtka AOMUHMpa Npu cMecBaHeTo U ¢
nMBajiHaTa MeTnuua, CbC 3Be34aH, KakTo
M c Tesn ABeTe, 3aceTu 3aefHo. HeiHo
NPUCHCTBME B TPUKOMMOHEHTHUSA UM Tpe-
BOCTON goctura go 73.9% npes3 1999 r.,
00 63.2% npe3 2002 r., kakto 1 go 70.2%
npes 2012 r. (19™ BereTayus). TPbLCTUKO-
BUAHaTa Bnacartka e onpejesnsi, Tpeso-
CTOUTE KOMMOHEHT npu CMeceHoTo U
oTInexjaHe C YepBeHa BnacaTka u 3Bes-
faH. OenbT G npe3 2001 r. goctura go
66.7%, a npe3 2009 r. (16™ sereTtauus)
0o 61.3. OTHOBO 4yepBeHaTa Bflacartka e
OOMUHMPALLMAT KOMMOHEHT npu cMecBa-
HeTo U C /iMBagHaTa MeT/mua u awuep-
HaTta. Mpe3 1999 r. gensbT U e 87.5% oT
obwata dgypaxHa maca. Mpe3 2012 .
(19™ BereTaums) nNpu HesA ce yCTaHOBA-Ba
Hanuune oT 67.6%. JliouepHaTa 6bp30
oTnaga ot TpesocTouTe. BApHo e, ye nma

species, they establish greater resilience
to those of Europe. These authors (Bais
et al., 2003) challenge the traditional
understanding of the role of allelopathy,
mainly in the field of competition for
environmental resources. They highlight
the importance of the biochemical
potential of these (weed) species, which
directly affect the genetics of the
accompanying grasses. In this way,
Centaurea maculosa suppresses their
basic life processes.

Red fescue is a component that
determines the structure of grasslands
when they are located on heavily gleyed
soils (Figure 2). In its independent sowing
and growing, it dominated with few
exceptions (2004; 2005; 2009) for the
period of study. Its share in 1998 reached
up to 88.5% and in 2008 (15th vegetation)
to 67.7%. These exceptions indicate the
possibility of the grassland for self-
purification from weeds and for self-
restoration.

This ability is valid not only for the self-
grown red fescue, but also for the grass
combinations in which it is included. Red
fescue dominates when it is mixed with
Kenthucky bluegrass, with bird's-foot-
trefoil, as well as with these two sown
together. Its presence in their three-
component grassland reached 73.9% in
1999, to 63.2% in 2002, and to 70.2% in
2012 (19" vegetation).

The tall fescue determines the
herbaceous component when mixed with
red fescue and bird’s-foot-trefoil. Its share
in 2001 reached 66.7% and in 2009 (16"
vegetation) up to 61.3%. Once again, red
fescue is the dominant component when
mixing it with Kenthucky bluegrass and
alfalfa. In 1999, its share was 87.5% of
the total forage yield. In 2012 (19"
vegetation), its presence was 67.6%.

Alfalfa quickly drops out of the
grasslands. It is true that the alfalfa
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YCTAHOBEHO NpW floLepHaTa Hamume Ha
reHEeTUYEH KOHTPO/ 3a TOJIEPAHTHOCT KbM
KMCenu noysu, C MOBULLEHO CbAbpXaHue
Ha anymuHuin (Bouton, 1996; Sledge et al.,
2002). dakT e, ye nposefoOXMe nopeguua
OT OT60pK 3a MOBMLLIABAHE Ha NOco4veHaTa
ToflepaHTHOCT. ToBa € 4acT OT Hawa
nporpamMa 3a Cb3faBaHe Ha NoAXOAsLL
COpTOBE /Il0LEpHa, 3a OTrexaaHe BbpXy
nceegonoasonuctu nousu. OTGpaHaTa OT
Hac monynauus nouepHa, Npy pasnonara-
He BbpXy cnabo or/ieeHun noysw, ycnsiea fa
ce 3a4bpXu B OnNpedeneHyn rpaHuum,
eavHageceT roavHu. B paiioHu, cbcepHu
Ha usBexgaHuTe onunTu, ce cpeLlaT TepeHu,
U3K/IIOUMTE/THO HACUTEHW C [/IMHA, BUCOKa
nMoYyBeHa KWCE/IMHHOCT U MUKpPOEseMEHTM
(MaHraH ” anymuvHWi) B TOKCUMYHM 3a
noceBuTe KOHLEHTpauuu, Taka 4Ye BbpXy
TSIX HE Ce yCTaHOoBsIBa abCOMOTHO HUKaKBa
pactutenHoct. OnpegeneHo Moxe fa ce

oTOenexu, 4e BBLPXY CUHO OF/IeeHu,
NCeBAONOA30/IMCTU  MOYBM, C  W3TOYHO
M3MIOXKEeHNe He e MNoAXoAsulo Ja ce

Cb3fasar v oTrnexgar CMeceHn TpeBoCTon
OT 4YepBeHa Bfacatka, €exoBa [/f1aBuua,
yepBeHa fJeTenvHa W 3Be3faH. Exosata
rnaBeuua, yepBeHarta feTennHa u 3sesgaHa
6bp30 oTnagar ot TpesBocTouTe. YepBeHa-
Ta Bfacatka AOMUHMPA C MaslKM U3KI0-
yeHns ot 1997 r. A0 Kpas Ha OT4YeTHUSA
nepuog (2013 r.). OensT U B OTAeNHM
roguHy goctura go 71.4% (1999 r.), Kakto n
[0 62.5% (2011 r.).

Camo3acsaBaHeTo Ha Apyrn nneag-
HW TPEBU C MECTeH MpPou3xof B Cb3fa-
JeHuTe W3KYyCTBEHW TPEeBOCTOM, € TMpo-
MeHNuBa BesinymMHa. PopmupaHeTo Ha
OBYKOMIMOHEHTHA TpeBHa CMecka OoT
yepBeHa W TPLCTUKOBMAHA Briacartka,
KakTo W TPUKOMIMOHETHa OT Te3u [Ba
BMAa, CbBMECTHO CbC 3Be3faH, NoHuxa-
Ba fena Ha camo3acsBaHe. Camo3acsaBa-
HEeTO e cBoeob6pasHa anTepHaTuBa Ha
W3KYCTBEHO Cb3fafeHnTe TPEeBOCTOW.
Korato 3aceTute BuAOBE CHWXaBaT
y4yacTueTo cu B TpeBOCTOUTE, ToraBa ce
yBenuyaBa [AenbT Ha camo3acaBaHe.
Mpe3 2004 r. camo3acaBaHeToO B TPEBO-
CTOA Ha yepBeHara Bflacartka gocrtura ao
80.6%; a npe3 2009 r. o 58.7%.

presence of genetic control has been
found to be tolerant to acidic soils with
increased alumina content (Bouton, 1996;
Sledge et al., 2002). It is a fact that we
have run a series of selections to
increase that tolerance. This is a part of
our program to create suitable alfalfa
cultivars for cultivation on pseudopodzolic
soils. Alfalfa population, which we
selected, located on slightly gleyed soils,
has managed to keep within certain limits
for eleven years.

In areas adjacent to the experiments,
there are terrains extremely saturated
with clay, high soil acidity and
microelements (manganese and
aluminum) in concentrations that are toxic
to the crops so that no vegetation is
found on them. Certainly, it is not
appropriate to create and grow mixed
grasslands of red fescue, cock’s foot, red
clover and bird's-foot-trefoil on heavily
gleyed, pseudopodzolic soils with eastern
exposure. Cock’s foot, red clover and
bird's-foot trefoil dropped off quickly from
the grasslands. Red fescue dominated
with little exceptions from 1997 to the end
of the reported period (2013). Its share in
individual years reached 71.4% (1999),
and 62.5% (2011).

meadow
the

other
origin in

Self-sowing  of
grasses with local
established artificial grasslands is a
variable. The formation of a two-
component grass mixture of red and tall
fescue, as well as a three-component of
these two species, together with bird’s-
foot-trefoil, decreased the self-sowing
rate. Self-sowing is a kind of alternative to
artificially created grasses. When sown
species decrease their participation in
grasslands then the proportion of self-
sowing increases. In 2004, the self-
sowing rate in the grassland of red fescue
reached up to 80.6%; and in 2009 up to
58.7%.
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zHEGR

®dur. 2. bBoTaHMYeH cbCTas, NbPBU NoAapacT, B %, CUHO orneeHn noysun, 1994-2013 .
Fig. 2. Botanical composition, first regrowth, in %, highly gleyed soils, 1994-2013

NEFEHOA: 1. FR — yepBeHa BnacaTka; 2. FR+FA - uepBeHa BnacaTka + TPbCTUKOBUAHA BflacaTka; 3.
FR+PP - yepBeHa BnacaTka + nueagHa meTumua; 4. FR+LC yepBeHa BnacaTka + 3se3faH; 5. FR+FA+LC
- yepBeHa BflacaTka + TPbCTUKOBUAHA BnacaTka + 3Be3faH; 6. FR+PP+LC - yepBeHa BnacaTka +
nvMBagHa meTnuua + 3BesfaH; 7. FR+PP+MS - yepBeHa BnacaTka + nvBajHa meTuua + niouepHa; 8.
FR+DG+TP+LC - yepBeHa BflacaTka + eXxoBa rnasuvua + yepeeHa geTenmHa + 3se3gaH

EXPLANATION: 1. FR - red fescue; 2. FR+FA - red fescue + tall fescue; 3. FR+PP - red fescue + Kenthucky
bluegrass; 4. FR + LC red fescue+bird's-foot-trefoil; 5. FR+FA+LC - red fescue + tall fescue+bird’s-foot-
trefoil; 6. FR+PP+LC - red fescue + Kenthucky bluegrass + bird’s-foot-trefoil; 7. FR+PP+MC - red fescue +
Kenthucky bluegrass + alfalfa; 8. FR+DG+TP+LC - red fescue + cock’s foot + red clover + bird’s-foot-trefoil

B3eTn 3aegHo, Te MpoTMBOAEN- Taken together, they counteract

CTBaT Ha pacTexa MW pasBUTMETO Ha
MeCTHUA nneseneH kKomnnekc. Camosa-
CsABaHeTO Ha [Apyrv /vBafHW TpesBu C
MecTeH npousxof, OBWKHOBEHO ce yBe-
nnyaBa cnef oTnajaHe Ha 3acetusi B
TpeBocTouTe 60060B KOMMOHEHT. AHaso-
rTMYHO MOBefeHne ce ycTaHOBsBa B ApYyr
aBTOPCKM eKCnepuMeHT, KoraTo npu otna-
JaHe Ha 3aceTute 6060BM TpeBY, ce yBe-
/inyaBa HMBOTO Ha camo3acsiBaHe, Hali-
BeYe Ha XWUTHW nuBafHu Tpesu.. Camo-
3aTpeBABAHETO Ha M30CTaBEHU OPHW 3e-
MM, Karto 4YacT OT eKCrnepumeHTa, ce u3-
BbpLUBA C NO-6aBHU TEMNOBE, B CPaBHe-
HMe C Te3n, B KOMTO OTnajar 3acetuTte
60608BU Tpesu (Mitev et al., 2013).
3annesensiBAHETO Ha TpeBoCTOUTE
e cnabo n3paseHo. B rognHarta Ha cb3fa-
BaHe Ha TpeBocTouTe (1994) e nssbpLUe-
Ha ,caHuWTapHa kocutba’ 3a CHWXaBaHe
HMBOTO Ha 3anneBenasaHe. Cneg 1995 .

the growth and development of the local
weed complex. Self-sowing of other
meadow grasses of local origin is usually
increased after the legume component
dropped off. Analogical behaviour is
found in another author's experiment
when the level of self-sowing, especially
of meadow grasses, is increased when
the sown legumes dropped off. Self-
sowing of grasses in abandoned arable
land, as a part of the experiment, occurs
in a lower rate, in comparison with those
in which legumes are sown (Mitev et al.,
2013).

The weed infestation of grasslands
is poorly expressed. In the year of
grasslands’ establishment (1994) was
carried out a "sanitary mowing" to reduce
the level of weed infestation. After 1995
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HMBOTO Ha 3an/jieBefnsBaHe € HUCKO.
YcrtaHoBsABar ce W usknwyeHus. lpes
2010 r. nneBenute B TPEBOCTOA OT 4yep-
BeHa Bnacartka 1 3se3fgaH 3aemart 28.6%
oT obulata maca. pes3 2009 r. obave Te
ca 10.6%, a npe3 2011 r. — 11.8%. B Tpe-
BOCTOS1 OT YepBeHa Briacatka, oTriexaa-
Ha CcamMoCTOATeNIHO, Cce YycTaHoBsABaT
16.7% nnesenu npe3 2010 r. MNpe3 2009
r. Te ca 3.6%, a npe3 2012 r. — 4.2%.

N3BOAN

BruooBuaT cbCTas Ha TpeBocToUTE
€ NPOMeH/IMBa BeNnynHa. Toi e B npsika
Bpb3Ka C MeCTOOOMTAHMETO Ha BCEKU
€[MH OT TAX.

YepseHaTa Bnacatka e CTPYKTypo-
onpefenAwmAT TPeBOCTOUTE KOMMOHEHT.
JenbT B camocTtosTenHus U TpeBOCTOU
poctura go 91.7% npe3 1999 r., npu
HUCKa CTerneH Ha NO4YBEHO orfesBaHe. B
CMec C /iMBafHa meTtnuua, T9 gocTtura go
96.0% npe3 1998 r. Ta e npeobnagasaly,
BUA, Npy cMecBaHeTo U CbC 3Be3faH, C
NvBafHa MeT/imua 1 3Be3gaH nunm niouep-
Ha. TpbCTUKOBUAHATA BlacaTka 4OMUHU-
pa B ABY- U TPUKOMMOHEHTHUTE CMECKU C
Hes, B NbpBOTO [eceTunetve Ha OTyeT-
Hua nepuof. Cnepsalloto gecetunetvie
yepBeHaTa B/lacaTka B3ema Hagmoliue.
MoBefeHNeTO Ha BMAOBETe, NpU 3acsaBa-
HETO MM BBbpXY CW/IHO OF/IeEeHU MOYBK, €
MPUHUMMHO e[HaKBO C YCTaHOBEHOTO MNpu
cnabo ornessaHe.

Habniogasa ce camosacsiBaHe Ha
ApYyrn MBaHu BUAOBE C MECTEH MPOU3XOS.

B kpas Ha oTyeTHusA nepuog (2006-
2013 r.), BbpXy Ccnabo orfieeHnTe noysu
Ce OCbLLEeCTBSABA 3HAYUTESTHO 3arsieBens-
BaHe C npeacrtasuTenun Ha pog Metnuuu-
Ha (Centaurea). JenbT um npes3 2013 r. B
CMeceHusl TPEBOCTOM OT YepBeHa Bnacar-
Ka W /vBafHa MeTnuua goctura Ao
58.4%, a OT yepBeHa M TPBLCTUMKOBUAHA
Bnacartka fo 50.2%. Cbv3ganeHure Tpeso-
CTOW BBPXY CU/IHO Or/IEEHN MOYBU MOKas3-
BaT CNOCOBHOCT 3a CaMOBb3CTaHOBSBaHe
1 camooYmnCTBaHe OT MJIeBenu.

CuuTa ce, ye ToBa NOBELEHNE NPOU3-
TUYa OT Ha/JIMume, UM IMNca Ha CUHXPOH Ha

the level of weed infestation was low.
Exceptions are also found. In 2010, the
weeds in the grassland of red fescue and
bird's-foot-trefoil took 28.6% of the total
weight. In 2009, however, they were
10.6% and in 2011 — 11.8%. There were
16.7% of weeds in 2010 in the grassland
of red fescue, independently grown. In
2009, however, they were 3.6% and in
2012 — 4.2%.

CONCLUSIONS

The composition content  of
grasslands is a variable. It is in a direct
connection with the habitat of each of
them.

Red fescue is a component that
determines  the  structure of the
grasslands. Its share in its independent
grassland reached 91.7% in 1999, with a
low degree of soil gleying. In a mixture
with Kenthucky bluegrass, it reached
96.0% in 1998. It is a predominant
species when it was mixed with a bird’s-
foot-trefoil, with Kenthucky bluegrass and
bird's-foot-trefoil or alfalfa. Tall fescue
dominates the two- and three-component
mixtures with it, in the first decade of the
reporting period. The next decade, the red
fescue took the precedence. The behavior
of the species when sown on heavily
gleyed soils is basically the same as
found in poorly gleying.

There was self-sowing of other
meadow species of local origin.

At the end of the reporting period
(2006-2013), a significant weed
infestation occurred with representatives
of genus Centaurea on slightly gleyed
soils. Their share in 2013, in mixed
grassland of red fescue and Kenthucky
bluegrass, reached 58.4%, and that of red
and tall fescue reached up to 50.2%.
Created grasslands on heavily gleyed
soils show the ability of self-recovery and
self-purification from weeds.

It is believed that this behaviour
stems from the presence or lack of
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KOHKpPeTHUA pactutenieH/reHeTndeH wmarte- | synchronization of the particular plant /
puan ¢ putbma B MpupoaaTta. genetic material with the rhythm in Nature.
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PE3IOME

B n3cnengsaHeTo e npoy4yeH edpekta
OT JIMCTHO TpeTupaHe C KOMMIeKC OT opra-
HU4YHK TopoBe — 0,5% ApbGaHacuekocuct +
0,7 % AMMHOBECT — BbpPXY MPOAYKTUBHOCT-
Ta, 3axapHOTO CbAbpXaHue KU fobuBa Ha
61oNorMYHa 3axap Ha cTaHAapTHU COpToBe
(Ovekc n Melwepa), MHOroCEMEHHU onpaLun-
TENN N TeXHU xubpuay c ABe AUNIOUAHM
MC nuHun 3axapHo uBekno. lNMepuoAbT Ha
n3nuteaHe — 2014-2015 r. BkIoyBa ABa
Ce30Ha C pasnnyasally ce arpok/immMmaTuyHm
YCNOBUSA U MPOAB/DKUTE/THOCT Ha Bereta-
uMsaTa. YCTaHOBEH € MOoNoXuTeneH edekrt
OT NPWIOXKEHNETO Ha KOoMMekca OT opra-
HWYHW TOpOBE BbPXY [A06MBA Ha KOPEHO-
nnogau n buonornyHa 3axap B yCnoBusAta Ha
3acywaBaHe npe3 2015 r. CpegHuaT gobus
KOpeHonIo4u OT TPETUPaHUTE C OpraHuyHm
TopoBe BapuwaHTh (3828.8 kg/da) e 3Haum-
TENHO NO-BMCOK OT A06MBa OT KOHTPOJSIHUTE
BapmaHTn (2882.4 kg/da). MNMpu Hecwbliec-
TBEHW pa3/iMyvA B 3aXxapHOTO CbAbpXaHue
Ha BapuaHTUTe B U3NUTBAHETO A0OMBbBLT Ha
6nonorMyHa 3axap OT TpeTVpaHuTe C KOM-
rnsiekca opraHu4Hu Topose BapuaHTtu (570.3
kg/da) e gokasaHO No-BUCOK OT fobuBa Ha
KOHTpPONHUTE BapunaHTu (434.4 kg/da).

Knto4uoBu Aymu: opraHu4Hu TOpOBe,
3axapHO LBEK/O, 3axapHo CbAbpxaHue,
[obus

SUMMARY

The effect of leaves treatment with
a complex of organic fertilizers — 0.5%
Arbanassyecosyst + 0.7% Aminobest on
the productivity, the sugar content and the
biological sugar yield of standard varieties
(Diex and Peshtera), multigerm pollinators
and their hybrids with two diploid MS lines
of sugar beet has been studied in the
present research. The period of testing —
2014-2015 - includes two seasons with

differing agro-climatic conditions and
duration of the vegetation. It was
established a positive effect of the

application of the complex of organic
fertilizers on the root yield and biological
sugar yield in the drought conditions of
2015. The average root yield from the
treated with organic fertilizers variants
(3828.8 kg/da) is significantly higher than
the yield of the control variants (2882.4
kg/da). With insufficient differences in the
sugar content of the tested variants the
yield of biological sugar of the variants
treated with the organic fertilizers complex
(570.3 kg/da) is proven higher than the
yield of the control variants (434.4 kg/da).

Key words: organic fertilizers,
sugar beet, sugar content, yield
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3axapHoTo uBekno (Beta vulgaris
L.) e TexHuWuecka Ky/nTypa, KOATO ce
oTrnexaa 3a npou3BOACTBOTO Ha Kpu-
cTa/lHa 3axap, chafkm cuponu, a BUCO-
KOTO CbAbpXaHWe Ha aMWHOKUCESIMHU B
6uomacarta e npefnoctaBka 3a 13nos3Ba-
HEeToO My 3a CypOBMHA 38 XXWBOTHOBbBL.-
cteoto (Vladimirov, 1973). OT KopeHo-
NNoAHUTE KYNTYPU 3aXapHOTO LBEKNO € C
Hali-BUCOKO CbAbpXaHWe Ha KpbMHU
evHuun, Kkato ycsosiemocTta e 75 %.
Cyx0TO BeLLEeCTBO B KOpeHono4a BK/IY-
Ba 70-75% Bbrnexuapartu, nektmH — 2.5 %,
a3oTHu BewlectBa — 0.12-0.26 %, opraHuu-
HW KucenuHu, pastsopuma nenesn, K, Na, Ca
n ap. (Agribusiness Handbooks, 1999).
LleHeH dhypax 3a XMBOTHOBBLACTBOTO ca
nucTata, yenara, LBEKOBUTE Pe3eHKU U
Menacata. 3a wuHAycTpuasHu uem ot
Menacarta ce nosyyasa CNUPT, JIMMOHEHa,
MJ/IeYHA U T/1H0KOJI0BA KUCENNHA, T1Le-puH,
6eTavH, xnebHa wMad, [pOXOU W Ap.
(Uchkunov, 2008).

3a orpaHMyaBaHe Ha (OUTOTOKCUY-
HOTO BB3AENCTBUME Ha XMMM3auusaTa W
yBenuyasaHe ajantaunoHHUTE Bb3MOX-
HOCTW Ha pacTeHusATa, ycuavaTa Ha 3eme-
Jenckara Hayka ca HacovyeHM KbM Hamu-
paHe u npwnaraHe Ha 6uno-BelecTBa
(Boraste et al.,, 2009; Yakimov, 2013).
OpraHWYyHOTO TOpPEHE Ha 3emenesickuTe
KynTypu npugobusa BCe N0 ronsama
aKTyasiHocT. Llenta Ha 61M0/0rMyHOTO 3e-
MeZenve e cbhb3faBaHe Ha WHTerpupaHa,
€KO/I0TMYyHa U MKOHOMWYECKM YCTOlYMBa
cucTema 3a NPou3BOACTBO Ha CEJICKOCTO-
naHcka npoaykuunsa (Stacey, 2003). Mpwu-
NIOXEHNEeTO Ha 6uo-TopoBe Npefn3BMKBa
noBuLleHne Ha obuwara dns3nonoro-6uo-
XUMUYHA AEeAHOCT Ha pacTeHusTa, nogo6-
psBa LAMOCTHOTO UM CbCTOSIHME, KOEeTO
BOAM [0 NO-A06pO NpeofonisiBaHe KakTo
Ha 6MOTUYEH, Taka U Ha abnoTUYeH cTpec
(Panayotov et al., 2003; Georgieva and
Nikolova, 2011). Te ca eBTWH, e(heKkTUBEH
N Bb30OHOBAEM U3TOYHUK HA pacTUTENHU
XpaHuTesiHW BellecTBa, KOUMTo AonbfsaT
Xumuyeckute Topose (Boraste et al.,
20009).

INTRODUCTION

The sugar beet (Beta vulgaris L.) is
a technical crop, which is grown for the
production of crystal sugar, sweet syrups,
and the high content of aminoacids in the
biomass is a precondition for its use as a
raw material in livestock breeding
(Vladimirov, 1973).

The sugar beet is with the highest energy
value among the root crops, and the
digestibility is 75%. The root’s dry matter
includes 70-75% carbohydrates, pectin-
2.5%, nitrogenous substance-0.12-0.26%,
organic acids, soluble ashes, K, Na, Ca
etc. (Agribusiness Handbooks, 1999).
Valuable forage for livestock breeding are
the leaves, tap-roots, the beet harrows
and the molasses. For industrial purposes
from the molasses is obtained alcohol,
citric, lactic, glycolic acids, glycerin,
betain, bread yeast, yeasts etc.
(Uchkunov, 2008).

For restriction of the phytotoxic
effects of chemistry and for increase of
the adaptive capabilities of the plants the
efforts of the agricultural science are
directed to finding and application of bio-
substances (Boraste et al, 2009;
Yakimov, 2013). The organic fertilization
of the cultivated crops is becoming more
and more actual. The aim of the biological
agriculture is the creation of integrated,
ecological and economically resistant
system for obtainment of agricultural
production (Stacey, 2003).

The application of bio-fertilizers
challenges an increase of the entire
physiological-biochemical  activity  of
plants, improves their condition, which
brings to better overcoming of biotic and
abiotic stress (Panayotov et al., 2003;
Georgieva and Nikolova, 2011). They are
cheap, effective and renewable source of
plant nutritional substances, which
successfully complete the chemical
fertilizers (Boraste et al., 2009).
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Bce no-ronam 6poii  npoyyBaHus
nokaseart, Ye pacTexbT Ha KOPEeHONI04HUTE
pacTeHuss MoXe AMPEKTHO WAWN UHAMPEKTHO
Ja ce ycwam OT gpoxaute B pusocdeparta
(Nassar et al., 2005; El-Tarabily and
Sivasithamparam, 2006; Cloete et al.,
2009). lN'onsamo pasHoobpasve OoT MNoYBEHU
Apoxan ca 6unu uscneaBaHn 3a TexHUs
noteHunan karo 6uotopose (Gomaa and
Mohamed, 2007; Eman et al., 2008). Te
perynupar WHTEH3UBHOCTTa Ha YyCBOsiIBaHe
Ha XpaHWTe/NHWUTe BellecTBa OT MoyBaTa
ypes yBefnMyaBaHe norablyaTenHaTa cno-
COBHOCT Ha KOpeHoBaTa cucTeMa, KoeTo oT
CBOA CTpaHa BOAM [0 peanusauuss Ha
FEHETUYHMS NOTEHUMa/l Ha pacTeHusita
((Yakimov, 2013).

Llenta Ha HacTosLaTa Hay4yHa pas-
paboTka e ga ce npoy4yn BAUSHMETO Ha
HOBW OGuoperynartopy BbpXy MPOLYKTUB-
HOCTTa, 3axapHOTO CbAbpXaHue u [o6wu-
Ba Ha 6GuonornyHa saxap Ha copToBe ”
Xnopuam 3axapHo LIBEKNO.

MATEPVAJT U METOOU

EkcnepumeHTanHaTa AeiHocT e
nposegeHa npes nepuvoga 2014-2015
rogvHa B OMUTHOTO MoJie Ha 3emenesicKu
UHCTUTYT-LLymeH. Onutnte ca 3anoxeHu
Nno MeToja Ha AbAruTe napuenn B Yetmpu
NOBTOPEHUSA, C FOJIEMUHA Ha pekonTHaTa
napuena 10.8 m% ToyBeHMST Tun Ha
ONUTHNUA y4yacTbK € KapboHaTeH 4epHo-
3eM CbC €1abo ankasHa peakumsa Ha nou-
BeHuss pa3TtBop. CentbaTta e u3BbpLIEHa
pbYHO Ha 70 cm mexaypefoBO pascTos-
Hue (10000 p-s/da) Ha 20.04 npes3 aseTte
roavHu. TpeTupaHeTo C OpraHu4yHU TOPOBE
e efHOKpaTHO — BbB (pasa hopmupaHe Ha
nMctHa posetka (8-10 CbLUMHCKM SIUCT), C
rpbbHa npbckayka v paboTeH pasTBop OT
25 l/da. PekontupaHeTo € pbyHO — npes
TpeTaTa feceTAHEBKa Ha CenTemMspu.

N3nuTtaHa e komM6buHauusATa  OT
opraHnyHn Topose 0.5% Ap6aHacuekocucT
n 0.7% AMMHOBGECT Npu COPTOBETE 3axapHO
usekno [Auekc (2x) wn MNewepa (3x),
MHOrocemeHHuTe onpawutenm M [uekc
(2x) 1 M 5319R (4x) n xnépmngn (2x n 3x) Ha
Tesn onpawutenn ¢ ABe egHOCEMEHHU
avnnongin MC nuHumn (MC222 n MC201).

A great number of recent studies
show that the growth of the root plants
could be directly or indirectly enforced by
yeasts in the rhizosphere (Nassar et al.,
2005; El-Tarabily and Sivasithamparam,
2006; Cloete et al., 2009). Great variety of
soil yeasts have been studied for their
potential as bio-fertilizers (Gomaa and
Mohamed, 2007; Eman et al., 2008). They
regulate the intensity of nutrition
substances assimilation from the soil by
increase of the absorbing capability of the
root system, which brings to realization of
the genetic potential of the plants
(Yakimov, 2013).

The aim of the present research is
to study the influence of new bio-
regulators on the productivity, sugar
content and biological sugar yield of
varieties and hybrids of sugar beet.

MATERIAL AND METHODS

The research is carried out in the
experimental  fields of  Agricultural
Institute-Shumen, during 2014-2015. The
field experiments are arranged by the long
plot method, in four regetitions, with a
harvest plot of 10.8 m“, on carbonate
black soil with a slightly alkaline reaction
of the soil solution.

The sowing is manual, at 70 cm distance
between rows (10000 plants per da),
made on 20.04 during the two years of
tests. The variants are treated once with
organic fertilizers in the phase of leaf
rosette forming (8-10 real leaf), with a
knapsack sprayer and with a solution of
25.0 l/da. The harvest is manual — during
the third decade of September.

The combination of organic
fertilizers 0.5% Arbanassyecosyst and
0.7% Aminobest was tested for the sugar
beet varieties Diex (2x) and Peshtera (3x),
the multigerm pollinators M-Dx (2x) and
M5319 (4x) and hybrids (2x and 3x) of
these pollinators with two monogerm
diploid MS lines (MS222 and MS201).
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CbCTaBbT Ha NpUIoXeHNTe
OpraHv4HM TOPOBE €:
*ApbaHacnmekocuct —  Cbabpxa

HSAKOMIKO Wama Ha Bacillus subtilis, kakto
n o6aktepumte Bacillus licheniformis,
Azotobacter chroococum u Azotobacter
vinelandii — B go3a 200 ml/da.

*AMUHOGECT — CbC CyXO BELLECTBO:
9,50-12,50 %; pH 9,0-13,0; 1,65 %
XYMUHOBM CbeanHeHus, 4,02 %
AmuHoOKMcenuuu; 06w, asot: 0,40-0,75 %;
Mwukpo n makpoenemeHtn: P: 0,10-0,25
%; K: 0,55-0,70 %; Na: 0,2-0,37 Ca:
0,001-0,003 %; Mg: 0,009-0,013 %; Cu:
0,002-0,003 %; Zn: 0,0003-0,0006 %; Mn:
0,0005-0,0009 %; Fe: 0,001-0,003 %;
Texkn Metasim B %;  Ni<0.0005;
Cd<0.00003; Hg<0.000005; Cr<0.00003;
b<0.0005 - B go3a 200 ml/da.

CpaBHEHNETO MexXAay TpeTvpaHuTe
C KOMIMJ/ieKkca oOpraHuyHu TOpOBE COPTOBE,
Xnépnamn n onpawmnTenn 3axapHo UBEK/O
N CbOTBETHUTE KOHTPOJIHM BapuaHTu (6e3
JINCTHO TOPEHe C KoMIMiekca OT opraHuy-
HM TOpoBE) e MO nokaslaTenute [o6uB
kopeHonnoamn (kg/da), 3axapHo cbabpXa-
Hue (%) n gobmeB Ha GUoONOrMyHa 3axap
(kg/da). CbabpxaHMeTo Ha 3axap Ha
U3NUTBAHUTE COPTOBE, ONpawnTenn u
Xnépnamn UBEKIO e onpeaesieHo no MeTo-
Ja Ha cTygeHata gurecumsi B XMMUKO-
TEeXHoMornMyHaTa na6opartopus Ha
3emepfencku HCTUTyT-LymeH.

V3BbpLlUIEH € AWCMEePCUOHEH aHa-
nn3 Ha nonyyveHute pesynrtatun (Lidanski,
1988).

PE3YJITATU N OBCBXXOAHE

Mpe3 nbpBaTa rognHa oT M3nMTBa-
HETO KOSIMYEeCTBOTO Ha MajHauTe Basie-
XV Npe3 BereTauuoHHUS Nepuopg, 3Hauu-
TENIHO MNpeBMWaBa arpoknumatnyHara
Hopma (Ta6nmuya 1). Cymarta Ha Banexwu-
Te 3a wecTtre Meceua e 537.7 mm, npu
Hopma 310.0 mm, KaTo Hai-Cepno3Hu ca
Basiexute npes Maih (226.5 mm) wun
0Cco6eHo Tesu, NnagHasnv Npes nocnegHara
[JeceTAHeBKa Ha mecela.

The content of the applied fertilizers is:

*Arbanassyecosyst —  contains
several Bacillus subtilis strains, as well as
the bacteria Bacillus licheniformis,

Azotobacter chroococcum and vinelandii —
in 200 ml/da dose.

*Aminobest — dry matter 9.5-12.5%,
pH 9.0-13.0, 1.65% humine compounds,
4.02% amino acids, 0.4-0.75% total
nitrogen, micro and macro-elements — P —
0.1-0.25%, K — 0.55-0.70%, Na — 0.20-
0.37%, Ca — 0.001-0.003%, Mg-0.009-
0.013%, Cu - 0.002-0.003%, Zn -
0.0003-0.0006%, Mn — 0,0005-0,0009%,
Fe - 0,001-0,003%; heavy
metals:Ni<0.0005; Cd<0.00003;
Hg<0.000005; Cr<0.00003; b<0.0005 — in
a dose of 200 ml/da.

The comparison between the
treated with the organic fertilizers complex
varieties, hybrids and pollinators of sugar
beet and the relevant control variants
(without foliar fertilization with the organic
fertilizers complex) is by the indices root
yield (kg/da), sugar content (%) and
biological sugar yield (kg/da). The sugar
content of the tested hybrids is measured
according to the cold digestion method in
the chemical-technological laboratory of
the Agricultural Institute- Shumen.

Data received are statistically
treated by dispersion analysis according
to Lidanski (1988).

RESULTS AND DISCUSSION

In the first year of study the quantity
of the fallen rainfalls during the vegetation
period significantly exceeds the agro-
climatic norm (Table 1). The sum of
rainfalls for the six months is 537.7 mm,
with a norm of 310.0 mm, And the most
serious are the rainfalls in May (226.5
mm) and especially those, fallen in the
last decade of the month.
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Tabnuua 1. MeTteoponoruyHu ycnosus B 3emepgenicku NHCTuTyT-LymeH npes

2014-2015'r.
Table 1. Meteorological conditions in Agricultural institute-Shumen during
2014-2015
lNognHa | Banexu Temneparypa Ha
Year |Q E Rainfalls Aj Bb3Ayxa
25 ir temperature
==
AefeT'u'HeBI'IKM / Deczlaltljes Cyma / Sum|/Hopma / Norm | CpegHo / Mean
v - 33.8 10.6 44.4 41.0 11.5
2014 V | 26.0 52.9 147.6 226.5 64.0 15.1
VI | 37.0 19.9 14.6 71.5 75.0 19.3
Vil | 2.2 4.4 63.9 70.5 60.0 21.9
VIl | 29.0 37.3 4.0 70.3 42.0 22.5
IX | 54.3 0.2 - 54.5 28.0 17.5
06w 3a nepuoga / Total for the period 537.7
IV | 32.6 10.5 10.0 53.1 41.0 14.6
\Y 6.3 3.2 6.3 15.8 64.0 20.8
2015 \ 25 18.6 3.0 24.1 75.0 23.6
Vil | 23 6.6 - 8.9 60.0 27.1
VIl | 0.6 8.8 15.2 24.6 42.0 28.4
IX 11 40.2 - 41.3 28.0 22.8
06w 3a nepuoga / Total for the period 167.8

B TakaBa kiMmaTuyHa obcTaHoBKa Npo-
OYKTMBHOCTTA Ha M3NUTBaHUTE AMniona-
HU XM6pUaM 1 onpawmnTenn ce U3pasHs-
Ba C Tasu Ha TpunaougHute xmbpuamn
(Tabnuua 2). Moxe fa ce otbenexu ne-
KOTO npeBuLLieHne B Ao6rBa KopeHomnso-
AN OT TpeTupaHuTe C JIMCTHU TOpOBeE
avnnovgHu  BapuaHtn  (Ouekc, M-Dx,
MS222 x M-Dx, MS201 x M-Dx) crnpsmo
TO3M Ha CbLOTBETHUTE HETpeTupaHu Ba-
puaHth. Ho gokasaHu pasnvuusa mexay
TpeTupaHy C opraHuUYyHM TOpPOBE BapuaH-
™M (2984.3 kg/da) n CbOTBETHUTE KOH-
TponHu BapuaHTu (3093.8 kg/da) He ca
pernctpupaHu. Npu 3axapHOTO CbAbpXa-
HMe CbLLO He ca OTYETEHU CbLIECTBEHU
pa3nuuus. Tyk HOpMasiHu ca Nno-BUCOKUTE
CTOMHOCTM Ha nokasatens npy TpUMNIonA-
HUTe XMbpmam Ha TeTpaniongHus onpa-
wuten M5319R (onpawuvTensTt e ¢ Hai-
BMCOKO 3axapHO CbAbpXaHue OT BCUYKU
n3nuTeaHn sapumaHtn — 14.1% 3axapHo
CbAbpXXaHWe Ha KOHTPOJIHMA BapuaHT U
14.5% Ha TpeTupaHua C OopraHnyHu
TopoBe BapuaHT). Moxem Bce nak ga

In such a climatic situation the
productivity of the tested diploid hybrids
and pollinator flattens up with that of the
triploid hybrids (Table 2). It could be
noted the slight excess in the root yield
from the treated with foliar fertilizers
diploid variants (Diex, M-Dx, MS222 x M-
Dx, MS201 x M-Dx) compared to the
yield of the relevant non-treated variants.

But proved differences between treated
with organic fertilizers variants (2984.3
kg/da) and the relevant control variants
(3093.8 kg/da) are not registered. There
are no reported significant differences in
the sugar content too.

Here the higher values of the index for
the triploid hybrids of the tetraploid
pollinator M5319R (the pollinator is with
the highest sugar content among all the
tested variants — 14.1% sugar content of
the control variant and 14.5% of the
variant treated with organic fertilizers) are
normal. However we could note the
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OTOENeXUM MO-BUCOKUTE CTOMHOCTM Ha
3axapHOTO CbAbpXaHue npu TpeTupa-
HUTE BapuaHTn Ha MS222 x M-Dx (2x) n
Ha lMewepa (3x), HO HAMamMe OCHOBaHue
Ja TBbpAVM, Ye ToBa Ce Ab/HKM OCHOBHO
Ha NPUIOXEHNUTE SINCTHM TOPOBE.

higher values of sugar content of the
treated variants of the hybrids MS222 x
M-Dx (2x) and Peshtera (3x), but we do
not have the reason to state, that this is
due basicly to the applied foliar fertilizers.

Tabnuua 2. NpoAYKTMBHOCT, 3axapHO CbAbpXaHwe M fobuB Ha 6GUONOrnyHa
3axap OT copToBe, XMbpUAW W POJUTESNICKA KOMMOHEHTW 3axapHO LBEK/O
TpeTupaHu C JIMCTHU OpraHnyHuy Topose, 2014

Table 2. Productivity, sugar content and biological sugar yield of varieties,
hybrids and parental components of sugar beet, treated with foliar organic

fertilizers, 2014

[o6us kopeHonnoan |3axapHo cbAbpxaHue| [obvs 6uon. 3axap
BapwnaHT Root yield Sugar content Biological sugar yield
Variant kg/da % kg/da
Hetpetnp. | Tpetup. | Hetpetup. | Tpetup. | HeTpeTtup. | Tpetup.
Non-treated.| Treated |Non-treated| Treated |[Non-treated Treated
Diex-2x 3196 3244 13.2 13.2 423 426
M Diex-2x 3143 3327 13.1 13.0 410 433
MS 222 x M-Dx 3500 3202 13.0 13.8 456 441
MS 201 x M-Dx 2524 3006 13.4 134 338 402
Peshtera-3x 3429 3149 13.3 13.9 456 440
M 5319R-4x 3101 2357 14.1 14.5 438 342
MS 222 x M5319 3030 3089 13.5 134 410 414
MS 201 x M5319 2827 2500 13.9 13.6 391 340
Mean 3093.8 2984.3 13.4 13.6 415.3 404.8
GD 1% 804 0.84 108
P % 5.02 1.96 4.13

[Jo6uBbT Ha 6GuonornyHa 3axap e
pesyntatuBeH nokasaten. [lonyyeHute
JaHHW 3a M3nuTBaHuTe xMbpuam u onpa-
LIMTEeNIN He rnoka3saT 0cobeH edekT oT
NPUNOXEHNETO Ha SINCTHU OpraHW4yHU TO-
poBe, NUMCBAT AoKasaHy pas/imunsa Mex-
[y BapuaHTuTe, TpetupaHn ¢ ApbaHacu-
eKocucT M AMUHOGECT, U KOHTPOJSIHUTE
BapuvaHTu. TpeTupaHuAT BapuaHT Ha
xnébpmnga MS201 x M-Dx e cbC 3HauuTen-
HO MO-BUCOK A06MB Ha 6UONOrMYHa 3axap
(402 kg/da) oT HeTpeTupaHus BapuaHT
(338 kg/da). ToBa ce ob/KU Ha gocTa no-
BMCOKMSA A06OMB KOpeHonnoau OT TpeTu-
paHus BapuaHT Npu KNMMaTUYHUTE YCo-
BMSA B roguHaTa Ha usnuteaHe. 3Hauu-
T€/HO MO-HUCBHK A06MB Ha 6uonormyHa
3axap OT TpeTuMpaHusi BapuaHT e oTYeTeH
npu TeTpanaongHua onpawmnten M5319R
(CbLWMAT € U CbC 3HAUMTENHO MO-HUCHK

The biological sugar vyield is a
resultant index. Data received for the
tested hybrids and pollinators do not
show somewhat a special effect from the
foliar organic fertilizers’ application, there
are no proved differences between the
variants treated with Arbanassyecosyst
and Aminobest, and the control variants.
The treated variant of the hybrid MS201 x
M-Dx is with significantly higher yield of
biological sugar (402 kg/da) than the non-
treated variant of that hybrid (338 kg/da).
This is due to the quite higher root yield
from the treated variant in the climatic
conditions in this year of testing.

At the same time a significantly lower
biological sugar yield in comparison with
the treated variant is realized by the non-
treated tetraploid pollinator M5319R (the
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[obuB kopeHonnoau). Tasm pa3HOMNOCOY-
HOCT Ha peakumsaTa Ha ropenocovyeHute
BapuaHTM He MOXe ga ce Ob/KM Ha
NPUIOKEHNETO Ha JINCTHU OPraHnu4yHu
TopoBe. Oule noseye, cpepHaTa CTOMN-
HOCT Ha pgobuBa 6uonornyHa 3axap OT
BCUYKM M3NUTBaHW TPETUPaHU BapuaHTu
€ MoYTK efHakBa C Ta3n Ha CbOTBETHUTE
KOHTPOJIHM BapuaHTu.

[aHHnTe OT wusNUTBaHETO npe3
2014 r. nokassarT, Ye B yC/I0BUATA Ha MO-
06UNHY BereTauMoHHN BafieXn Npuioxe-
HMETO Ha KOMOWHauuaTa oT INCTHU opra-
HWYHW TOPOBE MpU 3axapHOTO LBEKNO He
€ uenecbobpasHo.

CnepBaliaTta rogmHa B KaMMaTuy-
HO OTHOLUEHME € C KOPEHHO NpOoTMBOMO-
NIOXHW yCMoBUA Mpe3  BeretauuoHHMSA
nepuog. 3HauMTeNIHO MO-BMCOKUTE TeMM-
epaTypu Ha Bb3gyxa npes BeretayusTa,
B CpaBHEHWE C npeaxogHaTa rogvHa, ca
CbMNPOBOAEHMN U CHC 3HAUYNTESTHO 3acylua-
BaHe npes nepuoga mavi-centemepu. Cy-
MaTa OT BeretauMoHHUTE Basiexu e efsa
167.8 mm, no4ytn ABOMHO MO-HWUCKA OT
HOpMasiHaTa 3a pasBMTUETO Ha LUBEK/O-
TO. Hannuneto Ha Bce nak gocrarbyHa
rnoyseHa B/ara npes anpua Mo3BOSN
pefoBHO MOHWKBAHE B ONUTHUTE napue-
/1, HO OCTaTbKa OT Beretauusita nporteye
npw YyBCTBUTE/IEH HEAOCTUT Ha BNara.

Mpu TakmMBa yC/OBMA € OT4YeTeH
3HAYUTE/THO MO-BMCOK A0GVB KOpPEHOMo-
AN OT TpeTMpaHuTe C JIMCTHU TOpOBE
BapuaHTu — cpegHarta CTOMHOCT Ha fobu-
Ba OT TpeTupaHute BapuaHtn e 3828.8
kg/da npu p[obmB OT KOHTPOSHUTE
BapvaHTn 2882.4 kg/da (Tabnuua 3).
OnpefeneHo B cfy4das TpeTupaHeTo ¢
610-TOPOBE YyBENNYaBA WMHTEH3UBHOCTTA
Ha yCBOsIBaHe Ha XpaHWTesIHUTe BeLlec-
TBa OT MouyBaTa 4pe3 yBesiM4yaBaHe Mo-
rabljaresiHaTa CnocobHOCT Ha KOpeHoBa-
Ta cucteMa. 3axapHoTO CbAbpXaHue Ha
TpetnpaHute BapunaHtm e ¢ 0.2% no-
HMCKO OT cpefHaTa CTOMHOCT Ha nokasa-
Tens npu KOHTPOSIHWUTE BapuaHTu 1 ToBa
€ HOpMaJsIHO Npu oTpuUaTtenHara kopena-
uns  mexapy — nokasatenute  nobus
KOpPEHOM/I0AN 1 3axapHO CbAbpXaHue.

same variant is also with significantly
lower root yield). This diversity of the
reaction of the above mentioned variants
could not be due to the application of
foliar organic fertilizers. The more that the
mean value of the biological sugar yield
from all the tested treated variants is
almost the same with that of the relevant
control variants.

The 2014 test data show, that in
the conditions of heavier vegetation
rainfalls the application of the foliar
organic fertilizers combination in the
sugar beets is not advisable.

The next year of testing is with
radically opposed climatic conditions
during the vegetation period. The
significantly higher air temperatures
during vegetation, compared to those in
the previous year, are accompanied with
significant drought during the period May-
September.  The sum of vegetation
rainfalls is barely 167.8 mm, almost
double lower than the normal for sugar
beet development. The presence of
sufficient soil moisture in April allowed
uniform germination in the experimental
plots, but the remaining part of vegetation
passed with a sensitive water deficiency.

In these conditions is registered
significantly higher root yield from the
treated with foliar fertilizers variants — the
mean root yield value of the treated
variants is 3828.8 kg/da while the
average yield from the non-treated
control variants is 2882.4 kg/da (Tabnunua
3). Definitely in this case the treatment
with bio-fertilizers increases the intensity
of nutritional substances’ assimilation
from the soil by increase of the absorbing
capabilities of the root system. The sugar
content of the treated variants is with
0.2% lower than the average value of the
control variants, and this is normal having
in mind the well known negative co-
relation between the indices root yield
and sugar content.
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Ho npn xnbpnga MS222 x M5319 3axap-
HOTO CbAbpXaHuWe Ha TpeTupaHus
BapuaHT (15.8%) e goka3aHO MO-BMCOKO
OT TOBa Ha KOHTPO/HWS BapuaHT (14.5%),
KOETO roBopu 3a fACHa Mos1IoXXUTesIHa reHo-
TUNHa peakums Ha xmbpuaa KbM npuso-

XEHUA KOMNeKC OT OpraHN4YHU TOpPOBe.

But for the hybrid MS222 x M5319 is
registered significantly higher sugar
content of the treated variant (15.8%)
compared to the control variant (14.5%),
which speaks about a clear positive
genotypic reaction of the hybrid to the
applied complex of organic fertilizers.

Ta6nuua 3. MNMPOAYKTUBHOCT, 3aXapHO CbAbpXaHue U JO6UB Ha 6GMOSIOrNYHa
3axap OT copToBe, XMOpUAU W POOMUTENICKM KOMMOHEHTU 3axapHO LBEK/IO
TpeTupaHu C JIMCTHU OpraHnyHy Topose, 2015
Table 3. Productivity, sugar content and biological sugar yield of varieties,
hybrids and parental components of sugar beet, treated with foliar organic

fertilizers, 2015

[Jo6us kopeHonnoan |3axapHo cbabpxaHue| [obus 6mron.3axap
BapuanT Root yield Sugar content Biological sugar yield
Variant kg/da % kg/da
Hetpetup. | Tpetnp. | Hetpetup. | TpeTtup. | Hetpetnp. | TpeTtup.
Non-treated | Treated |Non-treated| Treated |Non-treated| Treated
Diex-2x 3117 4175 14.8 14.2 461 593
M Diex-2x 2777 3003 14.8 14.6 411 438
MS 222 x M-Dx 2574 4004 14.7 14.4 378 577
MS 201 x M-Dx 2860 3718 14.8 14.0 423 521
Peshtera-3x 3146 4147 16.0 15.3 503 634
M 5319R-4x 3003 3861 15.5 15.2 465 587
MS 222 x M5319 2717 3575 14.5 15.8 394 565
MS 201 x M5319 2865 4147 15.5 15.6 440 647
Mean 2882.4 3828.8 15.1 14.9 434.4 570.3
GD 1% 783 0.62 78
P % 7.09 1.31 6.89

CpepgHata CTOMHOCT Ha gobuBa Ha
6uonorMyHa 3axap OT BCUYKM TpeTvpaHu
BapuaHTn (570.3 kg/da) HagxBbPNA 3HAUN-
TENHO Ta3n OT HeTpeTUpaHWTe KOHTPOJSIHU
BapuaHTn B onuta (434.4 kg/da). JlornyHo
NpeBULLEHNETO € HaW-ronsMo npu Aunno-
naHUTe U TpUNIougHuTe XmMbpuam Ha MS
222 — OT TpeTVpaHnsa BapuaHT Ha Aunnona-
HUsa xubpung MS222 x M-Dx e peanusmpaH
pobus ot 577 kg/da npm 378 kg/da ot
KOHTPO/IHUS BapuaHT Ha xmbpuaa, CboTBeT-
Ho 565 kg/da oT TpeTupaHua TpunaonaeH
BapuaHT MS222 x M5319 npu 394 kg/da ot
KOHTPO/IHMA  BapuaHT. EguHcTBEHO 3a
avnnovgHusa onpawuTten Ha copTta [uekc
npesueHneTo B 6MONOrMYHMA [06MB Ha
3axap npu TpeTupaHus BapuaHT e Heno-
KasaHo. Te3n faHHW OT M3NUTBaHEeTO npes

eKCTpeMHo cyxata 2015 rogvHa nokassaT

The mean value of the biological
sugar yield of all treated variants (570.3
kg/da) exceeds significantly that from the
non-treated control variants in the
experiment (434.4 kg/da). Logically the
excess is the greatest for the diploid and
triploid hybrids of MS 222 — from the
treated variant of the diploid hybrid
MS222 x M-Dx is realized a yield of 577
kg/da, with 378 kg/da from the control
variant of the hybrid, respectively 565
kg/da from the treated triploid variant
MS222 x M5319 with 394 kg/da from the
control triploid variant. Only for the diploid
pollinator of the variety Diex the excess in
the biological sugar yield for the treated
variant is not proved. These data from the
tests in the extremely dry 2015 show a
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onpegeneH nonoxuteneH eekt oT Npuno-
XEHMEeTO Ha KoMmnnekca OT JIMCTHW opra-
HUYHK TOopoBe ApbaHacuekocucTt U AMUHO-
6ecT BbpXy MPOAYKTMBHOCTTA Ha M3NUTBa-
HUTE XU6pMAM W onpawmTenn 3axapHo
LBeKno.

N3BOAN

JINCTHOTO TOpeHe C Komnnekca oT
opraHnyHM TopoBe Apb6aHacueKkocucT U
AMUHOGECT OKa3Ba MNOMOXUTENEH edekT
BbpXy A06MBa Ha KopeHon04M n 6uono-
rMyHa 3axap B rOAUHM CbC 3acyllaBaHe
npe3 BereTauMoHHWUA MNepuoj Ha 3axap-
HOTO L,BEK/IO.

MpunaraHeTo Ha CbLUST KOMMIEKC
OT OpraHM4yHu TOpOBE HE € LeNech-
06pa3Ho Npu NpPOrHo3a 3a 3HauMTesHU
KONM4YecTBa Ha BEreTalMoHHUTE BasleXMU.

definite positive effect of the foliar organic
fertilizers Arbanassyecosyst and
Aminobest application on the productivity
of the tested sugar beet hybrids and
pollinators.

CONCLUSIONS

The foliar fertilization with the
complex of organic fertilizers
Arbanassyecosyst and Aminobest has a
positive effect on the yield of roots and
biological sugar in years with drought
during the vegetation period of the sugar
beet.

The application of the same complex
of organic fertilizers is not reasonable in
case of prognosis for significant quantities of
vegetation rainfalls.
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