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PE3OME

B cpaBHWTENHO NpOyYBaHe 3a MUK-
popasMHOXaBaHe Ha fie4e6HOTO pacTe-
Hue Fabiana imbricata Ruiz. et Pav. 6ewe
oueHeH ecpekTa Ha cBeT/MHaTa oT 6enu
onyopecueHTHn namnu (FL) n antepHa-
TMBHUTE LED cBeTvHM — 6ana (LW),
yepeHa (LR), cuHa (LB), LMwukc (LED
yepBeHa: CUHS: AbJira cuHsA: 6sn1a). Ekc-
nepyMeHTasIHUTE pe3ynTatv nokasaxa,
Yye CBETOAMOAHUTE WU3TOYHMLUM C pasnny-
HU CMNeKTpy umar crneumdnyHo BUSHUE
BbpXy pacTeHusTa Fabiana, oTrnexgaHu
in vitro. Hail--mHOro HOBWM neTopacTu ce
cdopmupaTt, Korato KynTMBMPAHETO ce
M3BbPLIBA Npu 658n1a cBeTNnHa — 6.56 B
KOHTponHoTO TpetmpaHe (FL), nocnepaga-
HO oT LW (5.56). Haint-B1COKM CTOIRHOCTYK
Ha vHOuKaTopuTe cpefHa BMUCOYMHA Ha
pacteHnsaTta (5.04) n koedMUMEHT Ha
MynTunankaums (4.44), 6sixa oT4eTeHn 3a
eKCnnaHTUTe, W3/I0KEHN CbLUO Ha 6sana
h/lyopecueHTHa CBET/IHA B CPaBHEHNE C
BapuaHTuTe Ha LED ocseTneHue. AHanu-
3bT Ha AaHHMTe 3a cpefHus 6poit KopeHu
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SUMMARY

The comparative study evaluated
the effect of alternative LEDs light as
white (LW), red (LR), blue (LB), LMix
(LED Red: Blue: DeepBlue: White) and
white  fluorescent tubes (FL) on
micropropagation of Fabiana imbricata
Ruiz. et Pav.

The experimental results showed that the
LED light sources with different spectra
had a specific influence on in vitro grown
Fabiana plants. The best shoot formation
was established when plants cultivation
was carried out under white light — 6.56 in
the control treatment FW, followed by LW
(5.56). The highest values of the
indicators mean plant height (5.04) and
multiplication coefficient (4.44) were also
counted for the explants exposed to white
fluorescent light in comparison to the
LEDs treatments.

Data analysis for the mean number of
roots and mean root lengths had the
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N cpegHuTe Ab/DKMHU Ha KopeHa nokasa
cbllata TeHAEeHUuA 1 No3BossABa da ce
Hanpasu 13Boja, 4Ye CBETOAMOAHUTE W3-
TOYHMLM C pasMYeH CnekTbp He ca Mo-
noaxogAln OT KOHBEHLUMOHANHO M3MoA-
3BaHUTe (pryopecueHTHM namnu B eTa-
nnuTe Ha MUKpopas3MoxaBaHe Ha Fabiana
imbricata Ruiz. et Pav.

KntouoBu gymu: Fabiana imbricata,
LED cBeTnivHW, MUKpOpa3MHOXKaBaHe

YBO/,

lNekapcTBeHuTe pacTeHust ca Ba-
XEH W3TOYHWMK Ha XMBOTOCMNacsaBsallm fe-
KapcTBa 3a ronisiMa 4act OT HacesieHVeTo
Ha cBeTa M OT BEKOBE Te ca W3M0/3BaHu
TpaaMUMOHHO Kato nekapctsa. lNpes no-
cnegHvuTe geceTwneTns noseveTo uUTo-
npenapaTtu Ha 6a3a BTOPUYHM MeTabonm-
TW Ha pacTeHus ce nosiyyasat upes Kie-
Tb4UHU KyNTYypu (Barz et al., 1981; Deus et
al., 1982; Raoa and Ravishankar, 2002).
BuotexHonornyHuTe MeToaM ca OT Chb-
LLleCTBEHO 3HayeHWe 3a nofobpsisaHe Ha
pasMHOXaBaHeTO M OnasBaHeTo Ha 3a-
CTpalleHn OT usyessaHe BUAOBE Npwu se-
yebHUTE pacTeHuss U in vitro pereHe-
pauusiTa nputexasa OrpoMeH noTeHuuan
3a MpPOM3BOACTBO HAa BMCOKOKAYeCTBEHU
neKkapcTBeHW npenapaTn OT pacTuTeneH
npousxog (Tripathi and Tripathi, 2003).

leyebHOTO  pacTteHne  Fabiana
imbricata Ruiz et Pavon, HapynyaHo oule
Pichi Pichi unu Palo Pichi npuHagnexu
KbM cemelicTBo Solanaceae. To npeg-
CTaB/sfiBa XpacT, TUMUYEH 3a pernoHa Ha
AHauTe, npousxoxga oT Uunu n obutasa
ApXeHTuHo-Ynnuiicka MartaroHms. Pacte-
HuATa Morat ga 6baat oTkpuTu 1 B MNepy,
Bonueua n bpasnnna (Ratsch, 1998).

F. imbricata Ruiz. et Pav. ce u3-
non3ea TPaguUMOHHO B YwnwiickaTa Ha-
pofHa meguuuHa npu 3abonsBaHus Ha
ypuHapHuTe nbTuwa u 6bLOpeunte, a
CbWO Taka M nognomara XpaHocmwna-
HeTo koraTo ce npwiara kato uvaii. F.
imbricata nma pgbara uctopus Ha yno-
Tpeba npu neyeHne Ha peguua 3abons-
BaHNWA M KaTto XOMeOoMnaTW4YHO CpenCTBO.
BOAHO-a/IKOXO/THUAT eKCTPakT e nosie3ex

same trend and demonstrated that in
Fabiana imbricata Ruiz. et Pav.
micropropagation in vitro LEDs with
different spectra are not as efficient as
conventionally used white fluorescent
lamps.

Key words: Fabiana imbricata,
LEDs light, micropropagation

INTRODUCTION

Medicinal plants are an important
source of life-saving drugs for the majority
of the world’s population and for centuries
they have been traditionally used as
pharmaceuticals. In the last decades,
most valuable phytochemicals are
products of plant secondary metabolism
through plant cell culture (Barz et al.,
1981; Deus et al, 1982; Raoa and
Ravishankar, 2002).

The biotechnological tools are essential to
select, multiply and conserve the critical
genotypes of medicinal plants and in vitro
regeneration holds tremendous potential
for the production of high-quality plant-
based medicine (Tripathi and Tripathi,
2003).

The medicinal plant Fabiana
imbricata Ruiz et Pavon, also called Pichi
Pichi or Palo Pichi belongs to the family of
Solanaceae. It is a bush typical of the
Andean region, originally from Chile and
covering Argentinian-Chilean Patagonia.
Plants can also be found in Peru, Bolivia
and Brazil (Réatsch, 1998).

F. imbricata Ruiz et Pav. is
traditionally used in Chilean folk medicine
to treat diseases of the urinary tract and
kidneys and also promotes digestion as a
tea.

F. imbricata has a long history of use in
the treatment of general diseases as well
as used in homeopathy. The
water/alcohol extract is beneficial as an
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aHTucenTuk n oboapsealy, ToOHUK (Ratsch,
1998). ETepnuHoTo Macno Ha Fabiana ce
M3Mon3Ba rMaBHO KaTo AMYpPeTWK U aHTu-
CenTvK Ha ypuHapHata cuctema. 3BecTt-
HO e oLe, Ye MMa aHTUpEeBMaTUYHU CBOIA-
cTBa N eqekT Bbpxy 6enoapobHn 3a-
60NsiBaHWs, KakTo W MPUIOXeHne B
HaTypanHata ko3meTuka (Alonso and
Desmarchelier, 2006; Festy, 2016).
XUMUYHUAT CbCTaB Ha pacTEHUETO
Fabiana imbricata Ruiz. et Pav. e cna6o
NnpoyyeH, HO ce o6pbla BHUMaHME Ha
uscnegBaHeTo Ha MeTabonuTHUS My
npochna kaTo OCHOBAa 3a MNO-HaTaTbLUHO
N30/IMpaHe 1 xapakTepuspaHe Ha LeHHU
BTOPWYHN MeTabonnTu.
Schmeda-Hirschmann et al. (2004)
JoknaagaT, Ye OCHOBHUTE KOMMOHEHTN OT
BTOPUYHUTE METabo/IMTU ca PYTUH, Kyma-
PVH, CKOMOJIETUH, OfieaHOBa KWUCesIMHa ©
HSIKOW CECKMTEPNEHN.
Fabiana imbricata ce oTrnexga
KaTo [EeKOPaTMBHO pacTeHVEe B 3aKpUTU 1
OTKpUTK TpaguHn, B palioHn 6e3 HUCKK
Temnepatypu (Ratsch, 1998).
PacTeHneTo mMma BWCOK BereTaTtMBeH U
pa3sMHOXUTENIEH noTeHuman in vivo u in
vitro, HO in vitro pasMHOXaBaHeTo e Mo-
61bP30, KOETO NO3BO/ISABA U NPOU3BOLCTBO
Ha BTOpUYHM MeTabonutn (Schmeda-
Hirschmann et al., 2004). PactutenHa
pereHepaumMss e Bb3MOXHa U u4pes3
kanycHa kyntypa (Pinker et al., 2008).
CeT/IMHaTa € CbLLUECTBEH €KOsOo-
rMyeH akTop, B/MSIEW, BbPXy pasBu-
TMETO Ha pacTeHusTa, MopdoreHesaTa u
MeTabosim3mMa Npu TbKaHHW KyNnTypu. Jeii-
CTBa KaTo CUTHaJIeH MexaHu3bM upes
pas/IMyHMN CBET/IMHHM PELLenTopu U ocu-
rypsisa Heobxogumara eHeprus 3a pacre-
Xa n pasBMTMETO Ha pacTeHusTa 4pes
oTocuHTesa (Wu et al., 2007).
KauecTBOTO Ha cBeT/MHaTa, Cb-
LLlecTBEHA 3a pPa3BUTMETO Ha pacTeHuATa
1 MopdporeHesaTa, ce CBbp3Ba C T.H. dho-
TOCUHTETUYHA akTuBHa pagunauns (PAR),
KOATO e C Ab/DKUHA Ha Bb/iHaTa ot 400 go
700 nm u ce cbyeTaBa C OTroBopa Ha
dhoTopeLenTopuTe 3a ONTUMA/THO MPOU3-
BOLACTBO M XUMWYEH CbCTaB Ha MeTa-

antiseptic and general tonic (Ratsch,
1998). Fabiana essential oil is principally
used as a diuretic and urinary tract
antiseptic. It is known to have anti-
rheumatic properties and effect on
pulmonary diseases, but also it has
application in natural cosmetics (Alonso
and Desmarchelier, 2006; Festy, 2016).

The chemical composition of the
plant Fabiana imbricata Ruiz. et Pav. is
less studied, but particular interest is paid
to the investigation of the metabolite
profiles as a basis for further isolation and
characterization of valuable secondary
metabolites.

Schmeda-Hirschmann et al. (2004)
reported that the principal components of
the secondary metabolite mixture are
rutin, coumarin scopoletin, oleanic acid,
and several sesquiterpenoids.

Fabiana imbricata is grown as an
ornamental plant inside and in open
gardens in areas that rarely see frost
(Ratsch, 1998). The plant has a high
vegetative propagation potential in vivo
and in vitro, whereas the multiplication in
vitro is faster, enabling rapid multiplication
and valuable secondary metabolite
production (Schmeda-Hirschmann et al.,
2004). Shoot regeneration is possible also
from callus culture (Pinker et al., 2008).

The light is the most essential
among the environmental factors
influencing the plant growth,
morphogenesis and metabolism of plant
tissue cultures. It acts as a signaling
mechanism  through  different light
receptors and provides the required
energy for plant growth and development
through photosynthesis (Wu et al., 2007)

The quality of light, essential for
plant development and morphogenesis
commonly referred to as photosynthetical-
ly active radiation (PAR) falls between
400 and 700 nm wavelength and is
matched to plant photoreceptors for
optimum production, enhanced morphology
and chemical composition (Morrow, 2008;
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6onmMTUTE WM ycKOpeHa Mopdosiorns
(Morrow, 2008; Okwuonu et al., 2017).

Pa3nnuHn uscnepsaHuns nokassar,
ye KOSIM4YeCcTBOTO (MHTEH3UTET), KA4YecTBO-
TO (cnekTbp), Npoab/mKMTenHoctTa (dho-
Tonepmoa) WM OpueHTauusaTa Ha CBET/U-
HaTa ca CblUeCcTBeEHM 3a DOTOCMHTE3aTa,
hoTomopdporeHezata ¥ oToTponusma
(Nhut et al., 2000; 2003).

Pa3paboTeHute HeoTgaBHa CBETO-
anogHn unstouHn (LEDsS) ca noco4veHu
KaTo NoTEHUUasIHN U3TOYHULN Ha CBET/IN-
Ha npw in vitro KynTuBMpaHe. Te ce xapak-
Tepusmpar CbC cneuntUIHN Sb/HKMHU Ha
Bb/iHaTa, Maska Maca u o06eM, Ab/br
Nnosfe3eH XWBOT U HUCKO OTONJEeHue, U
BMCOKO eheKTMBEH NpoLec Ha reHepupa-
He Ha cBeTnnHa (60%), He cbabpxart
XVBaK U He 3amMbpcsaBaT OKOosiHaTa cpega
(Yeh and Chung, 2009).

Hactoswoto wu3cnegsaHe 6ewe
HaCOYeHO KbM M3yyaBaHe B/IMSHWETO Ha
CBeT/IHaTa Npyv MUKpPopa3MHOXaBaHe Ha
Fabiana c uen no-HaTaTblWHO XapakTepu-
3upaHe Ha MeTaboNUTHUTE akTUBHOCTU
Ha in Vitro pacTeHnsTa KaTto M3TOYHUK 3a
NPOM3BOACTBO HA LEHHU OMONOrMYHO
aKTMBHU BellecTBa.

MATEPWNAN N METO4WA

PacTtuteneH matepuan in vitro

PactutenHuat marepuan oT
Fabiana imbricata f. violacea e nonyueH
npu in vitro KynTypa Ha 6e3xopMoHasiHa
cpepa MS (Murashige and Scoog, 1962) 1
ce noAaabpxa Ha ontummnsvpaHa cpega A33
CbbpXaLla OCHOBEH CbCTaB MS ¢ fobaska
Ha 3axaposa (20 g I* ), Merk arap (6 g I'"),
aktmBeH BbrneH (3 g I7) u pacrtexHute
perynatopu BAP (0.5 mg I'l) n IBA (0.01 mg
I'l), npw pH 5.7.

PacteHusiTa ca kynTvBMpaHu B
CTbKNeHn cbaose (obem 180 ml),
cbabpxawm 30 ml xpaHuTenHa cpega, B
pacTexHa Kamepa C Temneparypa
24x1°C, nHTEeH3uTeT Ha ceeTnnHaTa 3000
IXx n 16/8h coTtonepmnon v npoabIKK-
Te/IHOCT Ha CyOKyNTUBMpaHe 4 cegmuLm.

Okwuonu et al., 2017).

Various studies have proved light
quantity (intensity), quality (spectra),
duration (photoperiod) and orientation as
essential for photosynthesis, photo-
morphogenesis and phototropism (Nhut et
al., 2000, 2003;)

Recently developed light emission
diodes (LEDs) have been pointed out by
authors as potential sources of light for in
vitro environments cultivation. LEDs are
characterized by specific wavelengths,
small mass and volume, long useful life,
low heating and highly efficient light
generation process (60%), and do not
contain mercury or another hazard
element to the environment (Yeh and
Chung, 2009).

The present investigation was
directed to study the effect of the light on
Fabiana micropropagation aiming further
characterization of the metabolic activities
of in vitro plants as a source for the
production of valuable biologically active
substances.

MATERIAL AND METHODS

Plant material in vitro.

Plant material of Fabiana imbricata
f. violacea was obtained in vitro on
hormone-free medium MS (Murashige and
Scoog, 1962) and maintained on an
optimized propagation medium (A33)
based on MS with supplemented of sucrose
(20 g I'* 1), Merk agar (6 g I"), activated
charcoal (3 g I'l) and the growth regulators
BAP (0.5 mg ') and IBA (0.01 mg I'), and
pH 5.7.

The cultivation of the plants was
performed in glass vessels (volume 180
ml), containing 30 ml nutrition medium, in
a growth chamber with a temperature of
24+1°C, a light intensity of 3000 Ix and
16/8h photoperiod, and duration of the
subculture of four weeks.
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EdpekT Ha CBETNUHHNA U3TOYHUK
BbpXy pasBUTMETO Ha in vitro pacTte-
HUATa B eTan Ha My/ITUNIMKaUnS.

EkcnnaHTuTe,  KynTMBMPaHM  Ha
cpepa A33 ca 3aU10keHn B 4 BapmaHTa Ha
LED cBetnmHa (ocurypeHa ot Philips
Green Power LED wmopyn): 6sana (LW),
yepseHa (LR), cuHa (LB), mukc — LM
(Red:Blue:DeepBlue:White=1:1:1:1) n
KoHTpona (FW) — 6ana dnyopecueHTHa
ceeT/ivHa (OSRAM, 40 W).

MpoBefeHnAT onuT ce CbCTOM OT
NneT MOBTOPEHWS, BCAKO CbAbPXallo no
neT ekcniaHTa u aHaM3bT Ha fJaHHuTe
Ce OCHOBaBa Ha TpW He3aBWCKMMW eKc-
nepymMeHTa ¢ NPOAb/HKUTENHOCT Ha naca-
Xa oT uvetupu cegmuun. baxa otyeTeHu
cnegHuTe nokasartesnn: cpegeH  6poi
neTopacTy Ha pacTeHue, cpejHa BUCOoUn-
Ha Ha pacTeHMeTo, KoedUUEHT MynTu-
navkKauus, cpefeH 6poi kopeHn 1 cpegHa
Ob/KMHA Ha kopeHute. EdektbT npu
pasmHOxaBaHeTo bGelle Npoy4yeH B AuHa-
MUKa ype3 cbbupaHe Ha [aHHW Ha [eH
14, 21 n 28, KOUTO ca aHaNM3npPaHu 4pes
CTaH4apTHN GMOMETPUYHU METOAMN.

PE3YJITATU N OBCBXXOAHE

EdekT Ha CBET/IMHHNA N3TOYHUK
N cnekTbpa BbPXYy PasBUTUETO Ha in
vitro pacTeHusATa B eTan My/ATu-
nankaums.

Pesyntatute oT TO31 €KCNepUMEHT
nokassart, ye LED u3ToyHMUMTE Ha CBET-
JIMHa C pasI4yHn CMeKTpu mmat cneuu-
ouueH edekT BLPXY in vitro KynTusmpa-
HUTe pacTeHus Fabiana. Hai-ronsam 6poi
hopmupaHn netopactm 6.56+0.86 ca
YCTAHOBEHU MPWU KOHTPOJIHWUA BapuaHT —
6ana dnyopecueHTHa cBeTnuHa (FW),
nocneasaH ot LED 6ana (LW) 5.56+0.82
(durypa 1). OcBeH TOBa, KynTUBUpPaHUTE
pacteHusa npu BapuaHT LR wumat no-
Manbk  6poit  dhopmupaHn  netTopactu
(4.44+0.82) B CcpaBHEHME C BCUYKK
nscnenBaHv BapuaHTu.

Effect of the light source on the
development of in vitro plants in the
stage of multiplication.

Explants cultivated on medium A33
were exposed to four variants of LED light
(provided by Philips Green Power LED
research module): white (LW), red (LR), blue
(LB), LMix (Red:Blue:DeepBlue:White=1:1:1:1)
and a control (FW) of white fluorescent
tubes (OSRAM, 40 W).

All investigated treatments consist-
ed of five replications, each containing
five explants, and the average data
analysis was based on three independent
experiments with four weeks subculture
duration. The following indicators were
counted: mean number of shoots per
explant, mean plant height, multiplication
coefficient, mean number of roots and
mean root length. The effect of the light
on the propagation was studied
dynamically by data collection on days 14,
21 and 28, and analyzed by standard
biometrical methods.

RESULTS AND DISCUSSION
Effect of the light source and
spectra on the development of in vitro
plants in the stage of multiplication.

The results of this experiment
showed that the LED light sources with
different spectra have a specific effect on
in vitro grown Fabiana plants. The highest
shoot formation 6.56+0.86 was establish-
ed in the control treatment with white
fluorescent light (FW), followed by LED
white (LW) 5.56+0.82 (Figure 1).

Moreover, cultivated plants under LR had
lower shoot formation (4.44+0.82)
comparing to all studied treatments.
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Fig. 1. Effect of the light source and spectra on Fabiana micropropagation as
mean number of shoots per explant on days 14, 21 and 28, (£SE)

AHanM3bLT Ha JaHHUTe 3a cpefjHa
BMCOYMHA Ha pacTeHMEeTo Mnokasa, ye Ha
heH 14, pacTeHuATa KynTUBMPaHU Ha
6sna chnyopecuyeHTHa ceeTimHa (FW) ca
2.79 cm n pocTturat Hag 5 cm Ha geH 28
(Purypa 2). Mpu BCUMYKM BapuaHTK 6saxa
YCTAHOBEHU  CXOOHW  CTOMHOCTM  3a
cpefiHa BUCOYMHA Ha pacTeHuneTo.

Data analysis of the mean plant
height indicator showed that on day 14
the plants grown under white fluorescent
light (FW) were 2.79 cm, reaching over 5
cm on day 28 (Figure 2). In all the
treatments, similar values for the mean
plant height were established.
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Fig. 2. Effect of the light source and spectra on Fabiana micropropagation as
mean plant height [cm] on days 14, 21 and 28, (+SE)
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EdekTbT Ha cBeT/IMHaTa BbPXY
KoepuuveHTa Ha MyATUNMKaUus, u3-
yncnsaBalw, ce Kato cpefeH Opoli ekc-
naaHTy, dopmupaHy OT MW3XOLHWUS eKc-
N/1aHT Nnokassa cblyata TEHAEHUMS.

Bucoka CTOMHOCT Ha TO3U MHAM-
KaTop ce yCTaHOBSIBa MpWU eKCcrniaHTuTe,
passuBawy ce npu FL (4.44+0.76) B
CpaBHeHne cC BapuwaHTute Ha LED
U3TOYHULK, cbOTBETHO LM (3.92+0.70),
LR (3.36+0.86), LW (2.88+0.72), LB
(2.64+0.86) cnepn 28 aHM KynTuBMpaHe
(durypa 3).

The effect of the light on the
multiplication coefficient calculated as a
mean number of explants obtained from a
single mother explant showed the same
tendency.

The high value was established
again for the explants developing under
FL (4.44+0.76) in comparison to the LED
treatments, respectively LM (3.92+0.70),
LR (3.36+0.86), LW (2.88+0.72), LB
(2.64+.86) after 28 days of culture (Figure
3).
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dur. 3. EdhekT Ha CBETNMHHUA U3TOYHMK U CNEKTbpa BbPXy KoeduuMeHTa Ha
MynTunnmkaums Ha Fabiana Ha geH 14, 21 n 28, (zSE)
Fig. 3. Effect of the light source and spectra on Fabiana multiplication coefficient

on days 14, 21 and 28, (+SE)

BnvsiHne Ha cBeT/iMHaTa BbpXy
pasBMTUETO Ha in vitro pacTeHus B
eTana Ha BKOpeHsiBaHe.

Bcuukn ekcnnaHtn (100%) Kyntu-
BMpaHV NpuY pasfiuyHN CBET/IMHHU YC/O-
BUA dhopmupat kopeHu. [aHHuTe, nony-
yeHn Ha geH 14, 21 n 28 noTBbLpXAABAT,
ye OaAnarta dyopecueHTHa CBET/NHA
(FW) e Hail-edhekTMBHa 1 uHAYUMpa
popMMpaHeTO Ha BUCOK CpefeH 6poii
KOpEeHN M cpefHa Ab/DKMHA Ha KopeHa
(durypa 4). B kpas Ha KynTuBMpaHeTo
Hal-BUCOKUSAT CpedeH Opoi KopeHu e
pernctpmpaH 3a FW (6.84+0.80), gokato
cToliHocTTa 3a LED 65na ceeTnuHa (LW)
e 3.36£0.64 n owe no-HMcKka CbOTBETHO
3a ocTaHanmte LED BapuaHTu (durypa

Effect of the Ilight on the
development of in vitro plants in the
stage of rooting.

All  explants (100%) cultivated
under different light conditions produced
roots. Data obtained on days 14, 21 and
28 confirmed that white fluorescent light
(FW) was the most efficient, inducing the
formation of a high mean number of roots
and mean root length (Figure 4).

At the end of the culture, the highest of
mean root numbers was recorded for FW
(6.84+0.80) while the values for the LED
white (LW) was 3.36+0.64 and lower in
the other LED treatments respectively
(Figure 4A). Additionally, the data
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4A). OcBeH TOBa, NOMyYeHUTE AaHHM 3a
cpefHa ob/mKUHA Ha kopeHa (durypa 4B)
noTebpXxaasar oule BegHbX, 4vye LED
CBET/IMHUTE OKa3BaT WHXMOMpaLy edekT
BbpXy Mpoueca Ha BKOpeHsiBaHe npu
Fabiana. MNono6Ho noBefeHWe Ha pacTex
MOXe Aa ce 06ACHU CcbC cneundmkaTa Ha
pactutenHus sug. O6paTHO, BANSHUETO
Ha KayecTBOTO Ha CBeT/MHaTa BbLPXY
pasBMTMETO 1 pacTexa Ha Doritaenopsis
in vitro e nokasaso, Ye pacTexHuTe napa-
METpU ca BUCOKU, KOraTo pacTeHusl-Ta ce
KynTUBMPAT Npu YepBeHa U CUHSA CBETNU-
Ha oT LED u3touHmym (Shin et al., 2008).

obtained for the mean root length
indicator (Figure 4B) confirmed once
more that the LED light had an inhibiting
effect on the rooting process of Fabiana.

Such growth behavior could be explained
with the specifics of the plant species.
Contrariwise, the influence of light quality
on the in \vitro development of
Doritaenopsis showed that growth
parameters were highest in plants
cultivated under red and blue light
emitting diodes (LEDs) (Shin et al.,
2008).
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Fabiana. (A) CpeaeH 6poii kopeHu u (B) cpegHa Ab/HKMHA Ha KopeHa [cm] Ha AeH
14, 21 n 28, (+SE)

Fig. 4. Effect of the light source and spectra on rooting. (A) Mean number of

roots and (B) mean root length [cm] on days 14, 21 and 28, (+SE)

EcekTbT Ha CBET/IMHHUSA W3TOM-
HUK (KaTO UHTEH3UTET, CNeKTbp 1 oTo-
nepuoa) Bapupa npu pactuTesniHiTe Bu-
[OBe, KaKTo 1 B pas/iMyHMTe eTanu Ha in
Vitro paaMHOXaBaHe, OKa3Baliku B/IUSHUE
BbpPXYy pacTtexHute napameTpu, Karto
pereHepayms Ha ieTopacti, BUCOUYMHA U
pasMep Ha pacTeHusTa, CBEXO Terno,
CbAbpXaHne Ha Xxaopoun u kKapote-
HOMAM NPV pasIMYHN  pacTeHns Kato
kapTogum (Yeh and Chung, 2009), 3axap-
Ha TpbCcTMKa (Sengar et al., 2011), yutpycu
(Niedz et al., 2015) n 6aHaHmn (Buah, 2016).

MpoyuBaHua ¢ Gerbera nokassar,
ye KyntuBuMpaHeto Ha LED u4epseHa
CBEeT/IMHa Mma nofobeH edekT BbPXY in
Vitro BKOpPEeHsBAHETO, KaTto Hamanssa

The effect of the light source (as
intensity, spectrum and photoperiod)
varies in plant species, as well as in
different stages of in vitro propagation,
influencing growth parameters such as
shoot regeneration, plant height and size,
fresh weight, chlorophyll and carotenoid
contents in variety of crops including
potato (Yeh and Chung, (2009),
sugarcane (Sengar et al., 2011), citrus
(Niedz et al, 2015), banana (Buah,
2016).

Research in Gerbera has shown
that LED red radiation had a similar effect
on in vitro rooting, as decreasing of root
formation, due to reduced chlorophyll
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hopMMpaHETO Ha KOPEHU U ce 06sCHABA
C NO-HUCKOTO ChbAbPXaHMe Ha xnopodun
B niuctaTa (Nhut et al., 2003; Wang et al.,
2011). Poudel et al. (2008) cbwo CcHOO-
LiaBaT, Ye CBET/IMHHUTE CMEeKTpW ca Cb-
LLleCTBEHM 3a MpoLieca Ha BKOPEHsIBaHe npu
panuua.

MopdyoreHesaTa npu pacTeHusATa
ce perynvpa 4ypes pasfiMyHu MUKPO-eKo-
NIOrMYHN (haKTopU KaTo CBET/IMHA, TeMre-
patypa, BNaXHOCT WU BbINEpOAeH AnO-
keng, (Kozai and Smith, 1995). KauecTs-
0TO, KONMYEeCTBOTO U hoTONEpUoabT Ha
CBEeT/IMHaTa UrpasT LeHTpanHa pons npu
pactexa u gudepeHumaumnsaTa Ha pacTu-
TenHute knetkm (Moshe and Dalia, 2007).
®1yopecuUeHTHUTE Namnn, KaTto OCHOBEH
CBET/IMHEH W3TOYHUK W3MON3BaH npu in
vitro KynTuBMpaHe, uMaTt uUKcuMpaHu
€MUCUOHHM  CMEeKTPW, CbCTaBEHU OT
MHOXECTBO MBULM B 06XBAT Ha AbJ/IXU-
HaTa Ha BbfiHa oT 320 go 800 nm, 6e3
Bb3MOXHOCT 3a pa3/In4yHu napameTpu Ha
OoCBeTSABaHe, Kato CrnekTpasHu U Bpeme-
BU xapaktepuctuku (Kurilcik et al., 2008).

LED wu3TOYHUUMTE wuMaT peguua
YHUKas/IHW npeavMcTBa, BKIHoYBaLLM Cro-
COBHOCTTa fa KOHTpoAMpaT CnekTpasHns
CbCTaB, MPOABLI/DKUTENHOCT, ObNbI eKc-
naoaTaumoHeH XXUBOT, crneungnyHocTTa
Ha Ob/pKUMHATa Ha BbiHaTa, OTHOCUTESTHO
XnagHuTe nsnbysBallm noBbpxHocTu (Li et
al., 2010), HO TsxHaTa eheKTUBHOCT B Ha-
CTOAWOTO npoy4ysaHe ¢ Fabiana imbricata
Ruiz. et Pav. He ce noTBbpXhaBa B
eTannTe Ha MUKpPOpa3MHOXaBaHeTo.

n3BOAU

Bb3 OocHOBa Ha Moslyd4eHuTe fAaHHU
MOXEe [la Ce Hanpasu 3ak/Il4YeHUeTo, ye
6snata o/TlyopecUeHTHa CBET/IMHA € Haii-
epeKkTMBHA NMpU MUKpopa3sMHOXaBaHe Ha
Fabiana imbricata Ruiz. et Pav. Ekcnepu-
MeHTa/IHUTe pesyntarty nokasaxa, 4ye LED
U3TOYHMUMTE Ha CBET/IMHA C pPa3/IMyHu
CrneKkTpy nMaTt cneumdmyeH edpekt BbpXy in
vitro KkyntuBupaHe Ha Fabiana. Bbnpeku
TOBa, CBETOAMOAMTE MOraT Aa ce M3non3sar
KaTo anTepHaTVMBHA CBET/IMHA MO OTHOLUe-
H/Ve Ha MO-MKOHOMWYHUA UM XapakTep U
pasxoauTe 3a eNeKTpuyecTso.

content in leaves (Nhut et al., 2003;
Wang et al., 2011).

Poudel et al. (2008) also reported that
light spectra are essential for the rooting
process in rapes.

Plant morphogenesis is regulated
by various micro-ecological factors such
as light, temperature, humidity and
carbon dioxide (Kozai and Smith, 1995).
The light quality, quantity, and photo-
period play a central role in the growth
and differentiation of plant cells (Moshe
and Dalia, 2007).

Fluorescent lamps, the main light source
commonly used for in vitro culture, have
fixed emission spectra composed of
multiple bands in the wavelength range of
320 to 800 nm, without the possibility of
different illumination parameters, such as
spectral and time characteristics (Kurilcik
et al., 2008).

LEDs have several unique
advantages including the ability to control
spectrum composition, durability, long
service life, wavelength specificity,
relatively cool radiating surfaces (Li et al.,
2010) but their efficiency in the present
study with Fabiana imbricata Ruiz. et Pav
micropropagation was not confirmed.

CONCLUSIONS

Based on the data obtained could
be concluded that the white fluorescent
light is the most suitable for the
micropropagation of Fabiana imbricata
Ruiz. et Pav. The experimental results
showed that the LED light sources with
different spectra have a specific effect on
in vitro grown Fabiana plants.

Nevertheless, LEDs could be used as an
alternative light in term of their more
economical nature and electricity cost.
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PE3OME

MpoBeneHu ca in vitro ekcneprvmeH-
TV 3a u3crefBaHe B/UAHMETO Ha bGakTe-
pusata Serratia plymuthica Bbpxy u3snon-
BaHETO M CMBPTHOCTTA Ha /lapBu BTOpa
Bb3pacT (J/l,) Ha KapTodpeHa uucToobpa-
3yBaula HemaTtoga Globodera pallida npu
pasnnuyHM TemnepaTypyu U eKCno3uuus.
Mpn Temnepartypu 24+1 n 19+1°C un ekc-
nosnumst OT wWecT AgHM Ha S. plymuthica,
U3/II0NBaHETO Ha NapsBu BTOpa Bb3pacT
(1) Ha G. pallida noutm HanbAHO ce
UHXM6upa. M3nwnsaHeto Ha Jl, He ce
Hamansea 3HauMTesnIHO Npu TemnepaTypa
14+1°C po ekcnosvumsa Ha OGakTepusta
cnep ABafeceTt U YeTupun aHu. Jeiicteue-
TO Ha S. plymuthica npn TemnepaTypu
24+1 n 19+1°C 3a 24 vaca nosuwasa
CMBbpTHOCTTa Ha Jl, Ha G. pallida. MNpnu
Temnepatypa 14+1°C, cMbpTHOCT Ha Jl,
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SUMMARY

In vitro experiments were conduct-
ed to examine the influence of Serratia
plymuthica on the hatching and mortality
of second-stage juveniles (J,s) of potato
cyst nematode Globodera pallida at
different temperatures and exposure.

Hatching of second-stage juveniles (J,S)
of G. pallida was almost inhibited after six
days exposure to the S. plymuthica, at
24+1 and 19+1°C. The hatching was not
reduced significantly at 14+I°C until after
twenty-four days exposure to the
bacterium.

Exposure of J,s of G. pallida to S.
plymuthica for 24 h increased mortality of
J,s at 24+1°C and 19+1°C. At 14+1°C
mortality of J,s was also reported after 72
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cblwo OGewe oTyeTeHa, HO crieg ekcno-
3uumMa o1 72 4aca, kaTo ediekTbT Ha
bakTepuaTa € no-crab, OTKOSIKOTO npwu
[ABeTe Nno-BvCOKM Temnepartypu. Pesynrta-
TMTe Mnokasaxa, ue Oakrtepusita S.
plymuthica moxe pga 6bae u3nonssaHa
KaTo anTepHaTVBeH MeTof 3a 6opba Ha
KapTocheHaTa uncToobpasyBalla Hemarto-
na G. pallida.

KntouoBu gymm: Globodera pallida,
KapTooeHa uMcToobpasysallla Hemaroaa,
Temnepartypa, Serratia plymuthica,
GMOKOHTPO/

YBO/,

PacTtutenHo-napasutHuTe Hemarto-
an (PMH) ca cepnoseH npobnem 3a cen-
CKOCTOMAaHCKOTO NPOU3BOACTBO B CBETO-
BEH Mallab, KOeTo OT CBOS CTpaHa oka3sa
B/IMSIHWE BbPXY MeXAyHapoaHaTa Tbpro-
BMSl, COLMA/THOTO U MKOHOMWUYECKOTO pas-
sutne (Perry and Maurice, 2013). KbMm
pacTuTenHo-napasnTHMTE HeMaToAn npu-
Haganexar, kKapToeHuTe uncTtoobpasysa-
wn Hematogn (KUH) - Globodera
rostochiensis (Wollenweber) n Globodera
pallida (Stone), kouto npean3BuKBaT no-
BpeAM No KoOpeHuTe Ha kapTodeHnTe pac-
TeHns. KOHTpoNbT Ha Te3nm HemaToan e
no-TPpyAeH OT TO3M Ha Apyrv BpeauTenu,
Tbil KATO HemMaToauTe obuTasart npeamMm-
HO Mo4yBaTta W aTtakyBaT NMoOA3EMHUTE Yac-
TW Ha pacTeHusTa (Stirling, 1991). Xumuu-
HO CMHTE3MpaHMTE HEMATOLMAN ca NIECHO
NPUWIOXUMU U Ce XapakTepusumpaT CbC
CpaBHMTE/IHO BUCOKa eMKaCcHOCT, HO B
MoBeYeTO C/lydyaun Te ca CKbMNu, a B HAKOU
pasBUTK CTPaHK, YacT OT Te3n HemaToLm-
AW ce U3TernaT OT nasapa Ha nectuumau,
nopagn onaceHus 3a O6LLECTBEHOTO 3Apa-
Be M H6e3onacHoCcTTa Ha OkonHarta cpefa
(Schneider et al., 2003). MNopagn ToOBa,
TbPCEHETO Ha ApYrMn MeTOAN 3a KOHTPON
Ha Te3n rpynu BpeauTesnu, KoMTo ca mno-
eKosiorocbobpasHu, cTaBaT BCE MO-BaXx-
HW. Pa3BMTMETO Ha MOBEYETO PacTUTEsHO-
napasutHu Hemartoau, BkMUUTEenHo KLUH,
npeMyvHaBa B MnoyBaTa W nopagu Tasu
npuyvHa Te Mmorat ga 6baat WHQEKTU-
paHu OT pas3NIM4Hu rebu n GakTepun, Ha

h exposure, but the effect being less
marked than at the two higher
temperatures.

The results showed that the bacterium S.
plymuthica can be used as an alternative
method of control of the potato cyst
nematode G. pallida.

Key words: Globodera pallida,
potato cyst nematode, temperature,
Serratia plymuthica, biocontrol

INTRODUCTION

Plant-parasitic nematodes (PPN)
are a serious problem for agricultural
production worldwide, in turn, impacting
on international trade, social and economic
development (Perry and Maurice, 2013).

To the plant-parasitic nematodes are
belonged the potato cyst nematodes
(PCN) Globodera rostochiensis
(Wollenweber) and Globodera pallida
(Stone), which are damage the roots of
potato plants.

The control of these nematodes is more
difficult than that of other pests because
nematodes mostly inhabit the soil and
attack the underground parts of the plants
(Stirling, 1991). The chemical nematicides
are easy to apply and show rapid effects,
but in most cases, they are expensive and
have begun to be withdrawn from the
market in some developed countries due
to concerns about public health and
environmental safety (Schneider et al.,
2003).

Because of this, the search for other
methods of control of these group of pests
which are more environmentally friendly,
become increasingly important. The
ontogenesis of most PPN including PCN
occurs in the soil and for this reason, they
are infected by difference fungi and
bacteria which are rich in soil and some of
them have been shown great potential as
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KOMTO e 6oraTa nouysara M HAKOW OT TAX
ca nokasanuM TronsMm noTeHuman kaTo
areHTn 3a OWOKOHTPON Ha HemaTogm
(Jatala, 1986; Weller 1988; Sayre and
Walter, 1991; Stirling, 1991; Siddiqui and
Mahmood, 1993, 1995). bakTtepuuTte ca
UMC/IEHO Haii-pasnpocTpaHeHUTe OopraHus-
mu B noysata (Clark, 1967). bakrepuute,
KOMTO Ce cpewart B no4ysaTta, npuHag/e-
Xart kbm pogose Bacillus, Pseudomonas,
Pasteuria, Clostridium, Serratia n gap.
Bugbt Serratia plymuthica e pusobakre-
pus, MpuHagnexawia KbM pog Serratia.
MoBeueTo pulobakTepum Bb3AeNCTBAT
BbpPXY pacTuUTeNIHO-NapasuTHUTE Hemaro-
Oy ype3 meTabosIMTHY CTPaHNYHM NPOAYK-
TW, Pa3NNYHN NETINBN OpPraHUyHU Cbeau-
HeHnst (JTOC), eH3MKN 1 TOKCUHKU. Ecdbek-
TMTE Ha Te3n CbeAVHEHMS BK/IYBAT
noTMCKaHETO Ha Bb3MNPOM3BOACTBOTO Ha
HemartoguTe, U3/IONBaAHETO Ha fiiuata u
XM3HEHOCTTa Ha SlapBuTEe, KaKTO U AUPEKT-
HO ybuBaHe Ha HemaToguTe (Zuckerman
and Jasson, 1984; Siddiqui and Mahmood,
1999).

LlenTa Ha HacTOALOTO u3cnenBaHe
e [fda ce npoyynm Bb3MOXHOCTTA Ha
HenapasuTHaTa pu3lobakTepus Serratia
plymuthica (in vitro) 3a 6opb6a cpeuy
KapToheHaTta uUMcToobpasysalla Hemarosa
G. pallida.

MATEPWNANT N METOA4WA

EkcnepvmeHTUTE 651Xa NpoBeseHn
npes3 2017 n 2018 r. B nabopaTopusita no
EHTOMONOrMA n Hemarosiorna B ArpapeH
yHMBepcuTeT - [1o8auB.

G. pallida

KapTtotheHata uuctoobpasysalia
HemaToga G. pallida (natotun Pa2), nbpso-
HayanHo Gelle wu3osMpaHa OT MOYBEHU
npobu (mectononoxexHne Camokos, Co-
doniickn KapToheH paiioH), U pasMHOXeHa
OT €AMHWYHWU LUCTU, BBLPXY YyBCTBUTESI-
HUSA copT KapTodm — Hagexpa. Lnctute
651xa eKcTpaxupaHu cnep nscyllaBaHe Ha
noysarta, NoO MeToja Ha MOKPOTO CUTO
(Southey, 1986). 3a cTumynMpaHe 13skon-
BaHETO Ha WHBa3WOHHUTE napsBu BTOpa

biocontrol agents for nematodes (Jatala,
1986; Weller 1988; Sayre and Walter,

1991; Stirling, 1991; Siddiqui and
Mahmood, 1993, 1995).
Bacteria are numerically the most

abundant organisms in the field soil
(Clark, 1967). The bacteria wich occur in
soil  belong to genera Bacillus,
Pseudomonas, Pasteuria, Clostridium,
Serratia and others. The species Serratia
plymuthica is rhizobacterium belong to
genus Serratia. Most rhizobacteria impact
on the plant-parasitic nematodes by
means of metabolic by-products, various
volatile organic compounds (VOCS),
enzymes and toxins.

The effects of these compounds include
the suppression of nematode
reproduction, egg hatching and juvenile
survival, as well as direct Kkiling of
nematodes (Zuckerman and Jasson,
1984; Siddiqui and Mahmood, 1999).

The aim of the present study is to
research the possibility of the non-
parasitic rhizobacterium Serratia plymuthica
(in vitro) for the management against
potato cyst-forming nematode G. pallida.

MATERIAL AND METHODS

The experiments were conducted
during 2017 and 2018 in a laboratory of
Entomology and Nematology at Agricultural
University - Plovdiv.

Culture of G. pallida

The potato cyst nematode G.
pallida (pathotype Pa2), originally isolated
from soil simples (location Samokov,
Sofia potato region) was obtained from
cultures derived from single cysts
maintained on potato cv. Nadezhda.

The cysts were extracted, after air drying
the soil, by wet-sieve (Southey, 1986).
Potato root difusate (PRD), was used for
cyst hatching. The second stage juveniles
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Bb3pacT (J1,) OT yMcTmuTe 6elle n3nos3BaH
KapTooeH kopeHoB ekcyaat (KKE). /1, ce
cbOupaxa BCEKM AeH 1 dhakTopuTe, KOUTO
oKasBaT BAMSHWE Ha W3NIOMNBAHETO Cce
noaMeHsixa Bcekn nbT. CbbpaHute no
TO3M HauuH J1, ce cbxpaHsiBaxa B XNa-
OWNHUK npyu Temnepatypa okoso 5°C B
Manbk 06em BOZa 3a MakCMMyMm efHa
cegmuua npeay ga 6bAat nsnon3saHn 3a
uennTe Ha ekcrnepumeHTtute. Liuctute Ha
G. pallida ce crepunusnpaxa B 1% pas-
TBOp Ha HaTpueB xunoxaoput 3a 30 min,
a /1, B ctpentomuuuH cyndat (0.1%) 3a
15 min (Mountain, 1955). Bcuukn Te ce
usnjakeaxa B CTepunHa gectuavpaHa
Boaa (CAB) npean aa 6bAaT BKAHOUEHU B
eKcrnepumeHTuTe.

MpuroTBsaHe Ha OakTepusaTa
Serratia plymuthica

BaktepuanHuaT um3onat  Serratia
plymuthica B72 (6bnrapcka nonynauyms)
6elle nosnyyeH oT GakTepuanHaTa Konek-
umma  Ha WHCTUTYT no  3e/1leHYyKoBU
KynTypu - Mapuua, Nnnosgms.

3a nNpuroTesHe Ha cTapTep KynTypu
Ha Serratia plymuthica n3onat B72 6ewwe
n3nos3BaHa TeyHa XpaHuTesnHa cpeja
Luria-Bertani (LB). OT kynTnBmpaHus n3o-
naT ce MpuroTesille cCTapTepHa KynTypa,
Kato KbM 2 ml oT pa3pegeHarta 1/10 xpa-
HUTeNHa cpepa 6elle nobaseH 6akTepua-
neH vHokynym. EnpyseTkuTe ce nocTassi-
Xa Ha TbMHO B LIEiKbp WHKy6aTop npwu
TemnepaTypa 27°C n 140 oboporta 3a 12
yaca. TecT kyntypute Ha S. plymithica
nsonat B72 ce npurotesixa, kato 10 ul ot
cTapTep kyntypaTa 6elue KyntmemMpaHa B
10 ml xpaHuTenHa cpepa. Taka npuroT-
BEHW enpyBeTKMTE ce rnocTassixa Ha TbM-
HO B LWEliKbp WMHKYGaTtop npu Temnepa-
Typa 24°C n 140 obopoTa 3a 72 vaca.

Heobxogumnte 3a ekcnepumeHTu-
Te KOHUEHTpauum 6sixa NOAyyYeHU upes
paspexgaHe CbC CTepwMsMpaHa TeyHa
XpaHuTenHa cpega.

EdekTUBHOCT Ha 6akTepuasiHa
cycneH3ma Ha Serratia plymuthica
n3oniaT B72 BbpxXy M3NONBaHETO Ha

(J-s) were collected every day and the
hatching factors were renewed every
time.

The J,s were stored in a refrigerator at
about 5°C in a small volume of water for
maximum one week before use in the
experiments.

Cysts of G. pallida were sterilised in a 1%
sodium hypochlorite solution for 30 min
and J,s in streptomycin sulphate (0.1 %)
for 15 min (Mountain, 1955).

All were rinsed in sterile distilled water
(SDW) before use in the experiments.

Preparation of the bacterium
Serratia plymuthica

The bacterial isolate Serratia
plymuthica isolate B72 (Bulgarian
population) was obtained from the culture
collections of Maritsa Vegetable Crops
Research Institute, Plovdiv, Bulgaria.

Bacterial isolate of the Serratia
plymuthica isolate B72 was cultured in
Luria-Bertani (LB) broth. A starter culture
was prepared from the cultured isolate -
bacterial inoculum was added to 2 ml of
the diluted 1/10 broth.

The tubes were placed in the dark in a
shaker at 27°C and 140 rpm per 12 hours.

Test culture of Serratia plymuthica isolate
B72 was prepared as 10 pl of starter
culture was cultured in 10 ml of culture
medium. The tubes were placed in the
dark in a shaker incubator at 24°C and
140 rpm per 72 hours.

Concentrations required for the
experiments were obtained by diluting
with sterilized liquid nutrient medium.

Effect of Serratia plymuthica
isolate B72 bacterial suspension on
the hatching of second-stage juveniles
of G. pallida from cysts at different
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NapBu BTOpa Bb3pacT Ha G. pallida
OT UMCTU NpuU pasndHn TemnepaTypu

BaktepunanHata cycneHaus Ha S.
plymuthica. nsonar B72 (KoHUeHTpauus
1.7x10’ knetkm/mL) ce cmecBa C
KapTopeHo-fAekcTpo3eH arap (KOA) B
netpuesn 6nwga npu 45°C, gokato ce
oxnaxga. Cnepn 48 vaca pasBuTME Ha
b6akTepuaTa npu 28+1°C, B netpuesute
6/1104a ce nocTaBAT No NeT npeABapuTesHO
cTepunmanpann umctn (~300 sAiua/umucta)
Ha G. pallida, 3aneuyatBart ce ¢ napaduim
1 ce npemectsar B TepmocTar npu Tem-
nepatypu 24+1°C, 19+1°C and 14+1°C n
ekcrnosuuma 1, 2, 3 n 6 cegmuum. KoHTpo-
narta ce CbCTOU OT MET LNUCTU, NMOCTaBEHU
B unct KAA. Bceku BapuaHT € B yeTtupu
nosTopeHus. Cref, n3TuyaHe Ha eKcrnosu-
uusTa UMCTUTE ce usBaxagart, npoMusar ¢
[B, 1 ce NocTaBAT B YACOBHMKOBW CTbKNa
¢ KaptogheH kopeHoB ekcynaT (KKE). A3-
noneBaHeTo Ha 1, ce Habnwogasalle nog
CTepeoMUKpocKon. BpoAT Ha n3nio-neHu-
Te OT uuctute Jl; ce oTunTa execegmuy-
HO B MpoAb/mkeHne Ha 28 gHu (4 cep-
MULM), KaTo cnef BCAKo oTuntaHe, KKE B
YaCOBHMKOBUTE CTbKIa Ce MOAMEHS.
Cnepn ToBa UMCTMTE Ce CTpowasaxa B
JecTunvpaHa Boga v 6poAaT Ha aiuaTa ¢
HeussIloneHn JapBuM ce npebpossaxa.
MpoueHTa Ha usnonBaHe ce U3ducnsasa-
we no dopmynara:

temperatures

The bacterial suspension of Serratia
plymuthica isolate B72 (concentration
1.7x10’ cells/ml) was mixed with potato
dextrose agar (PDA) at 45°C while
cooling. After 48 hours of bacterial growth
at 28+1°C, five sterilized cysts (~300
eggs/cyst) of G. pallida were placed into
petri dishes, sealed with Paraffim and
incubated into the thermostat at
temperature, 24+1°C, 19+1°C and 14+1°C
and exposure 1, 2, 3 and 6 weeks.

The control consists of five cysts placed in
a pure PDA. Each variation is in four
replicates. Hatching of J,s is observed
under a stereomicroscope. After the
exposure, the cysts were removed,
washed with SW, and placed into clock-
glasses with potato root difusate (PRD).

The number of hatched J,s from cysts
was counted for 28 days (4 weeks), and
after each counting, the PRD in the clock-
glasses was replaced.

Cysts were then crushed in distilled water,
the number of the remaining full eggs in
the cysts were counted and the hatching
rate was calculated according to the
formula:

CKOPOCT Ha n3nwneaHe = nanonexHu fl, x 100/nbnHu aiua + ,.
hatching rate = hatched J, x 100/eggs + J,

EdekTuBHOCT Ha bGakTepuasiHa
cycneH3ma Ha Serratia plymuthica
n3oniaT B72 BbpXy CMBbPTHOCT Ta Ha
NapBu BToOpa Bb3pacT Ha G. pallida
npuv pasinyHn TemnepaTypu

BaktepunanHata cycrneH3us Ha S.
plymithica. nsonar B72 (koHueHTpauus
1.7x10’ Knetkm/mL) ce cmecBa C
KapTopeHo-fekcTpo3eH arap (KOA) B
netpuesn 6noga npu 45°C, pokato ce
oxnaxga. Cnen 48 vaca passutne Ha
b6akTepuaTa npu 28+1°C, B neTpueBuTe
6n104a ce nocTaBAT NpeaBapuTesiHoO cTe-
punusnpanu 100 J1, Ha G. pallida, 3ane-
yaTBar ce ¢ napagwuimMm u ce npemecTsar

Effect of Serratia plymuthica
isolate B72 bacterial suspension on
mortality J,s of G. pallida at different
temperatures

The bacterial suspension  of
Serratia plymuthica isolate B72
(concentration 1.7x10° cells/ml) was

mixed with PDA at 45°C while cooling.
After 48 hours of bacterial growth at
28+1°C, sterilized 100 J, of G. pallida
were placed into petri dishes, sealed with
Parafflm and incubated into the
thermostat at temperature, 24+1°C,
19+1°C and 14+1°C and exposure 72, 48
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B TepmocTaT npu Temneparypu 24+1°C,
19+1°C n 14+1°C v ekcno3nuua 72, 48 n
24 vyaca. KoHTponarta ce cbctom ot 100
I, noctaseHn B umct KAA. Bceku Ba-
puaHT e B YeTupu nosTopeHus. Cnep ns-
TMyaHe Ha ekcnosuuuata, J1, ce npomu-
Baxa, npexsvpnaxa ce B [B n TAXHOTO
noesefleHns ce Habnwgasalle B Npoab/-
XeHne Ha 72 4yaca, cnef, KOeTo ce npe-
XBbp/iixa B pas3TBOp Ha METW/IEHOBO
cnHbo (0,2%) 3a 24 yaca. J1,, ouBeTeHU B
CMHLO, 0Ofixa wuaeHTUUUMPaHM KaTo
MbPTBW, HEOLBETEHUTE Kato XXWBMW.
BpoAaT Ha ouBeTeHWTEe M HeouBeTeHUTEe
N, ce otunTalle c nomolTa Ha CcTepeo-
MMWKPOCKOT.

CTaTuncrunyeckm aHanns

CraTucTnyeckuaT aHanms Gelle
n3sbpweH B SPSS. One-way ANOVA,
nocsefiBaH OT MHOXECTBO AMarHOCTUYHU
TecTtoBe Ha Duncan, 6sxa n3nosi3aBaHu 3a
CpaBHfIBaHE Ha KOHTposiaTa W rpynute
[aHHW, cbOTBETHO. CTOMHOCT Ha Pggs ce
cumTa 3a 3Haunma.

PE3YJITATU N OBCBXXOAHE

EduvkacHOoCT Ha 6akTepuasiHa
cycrneHsna Ha Serratia plymuthica
n3onaT B72 BbpxXy M3NONBaHETO Ha
napBu BTOpa Bb3pacT Ha G. pallida
OT UMCTW NpuU pasndHn TemnepaTypu

JaHHuTe 3a ecbekta Ha BC Serratia.
plymuthica unsonar B72 (KoHUeHTpauus
1.7x10" kneTkn/mL) BbPXY W3/ONBAHETO
Ha napeu BTOpa Bb3pacT Ha G. pallida ca
npeactaBeHn B Tabnuuya 1. Pesyntatute
rnokasear, 4Ye WHXnbupawmaTt edekT Ha
BC S. plymuthica usonat B72 3aBucu
3HauYUTesIHO OT TemnepaTypara.

Mpy BapuaHTUTE C HaWi-HUCKa TeM-
nepartypa 14+1°C un ekcno3uvuma 1 un 2
ceaMuum Gelle OTYETEH WHXMOUTOPEH
edpekT, cboTBeTHO 59.50% 1 53.25%. MNpwn
Te3n ycnosusa ce cbobliaBa 3a Hamans-
BaHe Ha 06pos Ha wu3nawneHute Jl,,
CpaBHEHN C KOHTPO/IHUA BapuaHT, HO
MPOLEHTBLT Ha u3nioneHute Jl, e cpaBHK-
TE€/THO BMCOK M MHXMOUTOPHUAT ehbekT Ha
BC S plymuthica nsonatr B72 e HuUCHK.
Mpu cblaTa Temneparypa, HO Mpu ekKc-

and 24 hours.

The control consists of 100 J, placed in a
pure PDA. Each variation is in four
replicates. After the exposure, J, was
washed, transferred to SW and their
behavior was observed for 72h, than
transferred to a methylene blue solution
(0.2%) for 24h.

The J,s which stained in a blue were
identified as a dead, the unstained as a
live. The number of stained and
unstained J,s were counted using a
stereomicroscope

Statistical analysis

Statistical analysis was carried out
by SPSS. One-way ANOVA followed by
Duncan multiple range post-hoc tests
were used to compare control and means
of data groups, respectively. A value of
Po.os was considered significant.

RESULTS AND DISCUSSION

Effect of Serratia plymuthica
isolate B72 bacterial suspension on
the hatching of second-stage juveniles
of G. pallida from cysts at different
temperatures

Data on the effect of bacterial
suspension (BS) Serratia plymuthica isolate
B72 (concentration 1.7x10’ cells/ml) on
the hatching of G. pallida second stage
juveniles are presented in Table 1. The
results showed that the inhibitory effect of
BS S. plymuthica isolate B72 is highly
dependent on temperature.

Even in the lowest temperature
14+1°C with an exposure of 1 and 2
weeks inhibitory effect was reported,
respectively 59.50% and 53.25%. Under
these conditions, a reduction in the
number of hatched J2s compararing with
the control variant was reported, but the
percentage of the hatched J2 is relatively
high and the inhibitory effect of BS S
plymuthica isolate B72 is low. At the same
temperature but at 3 weeks and 6 weeks
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nosuums ot 3 n 6 cegmuum, bewe oTye-
TEH 3a[0BONUTENEH WHXMOMpaLL edekT,
cboTBETHO 29.50% un 15.75% (Tabnuua
1). Mpegnonarame, 4Ye ToBa Ce Ab/HKM Ha
no-6aBHOTO pa3BMTME Ha GakTepusTa npm

exposure, a satisfactory effect was
reported, respectively 29.50% and
15.75% (Table 1). We assume that this is
due to the low temperature at which the
development of the bacterium is delayed.

NO-HUCKM TemnepaTypu.

Tabnuua 1. EchbukacHocT Ha BC S plymuthica nsonat B72 (1.7 x10’ kneTkun/mL)
BbpXy wu3ntonsaHeto Ha Jl, Ha G. pallida. npn pasnuyHa Temnepartypa u
eKcrno3nuua u 4 cegmMmunun crief, npeHacaHeTo Ha unctute B KKE

Table 1. Efficacy of BS Serratia plymuthica isolate 72 (1.7 x 10’ cells/ml) on the
hatching of G. pallida J,s. at different temperatures and exposure and 4 weeks
after cyst transfered in PRD

W3ntonexn N, [%] / Temnepatypu
Hatching J, [%] / Temperatures

Ekcnosuuus / cegmmum*

Exposure / weeks* 14il:(LOHCTp01'Ia lglfolH::-pona 24§olH$-pona
B72 control B72 control B72 control
1 59.50d**  68.50c 13.00c  76.50b 8.25¢ 75.75b
2 53.25e 72.25b 8.00d 80.50a 7.00cd 81.75a
3 29.50f 74.75a 5.75d 78.25ab  5.50cd 81.25a
6 15.75¢g 76.25a 5.50d 80.00a 4.25d 82.50a

* excnosuumsa Ha BC Serratia plymuthica nsonat B72 Bbpxy LMCTUTE NPU pasnyHu Temnepartypu / exposure
of BS Serratia plymuthica. isolate B72 on the cysts at different temperatures
** CTOWHOCTUTE 3a BCAKa Temneparypa, nocnefsaHn ot efHa u cblia Oykea, He ce pas/imyaBat 3HaunTesIHo

cnopef, Tecta bHKaH (Poos) / values for each temperature followed by the same letter are not significantly

different according by Duncan’s test (Po.os)

Mpu BapuaHTUTE C Temnepatypwu
19+1°C 1 24+1°C ce Habnogasa 3a40B0-
NNTENEH UHXMOUTOPEH eeKT 3a BCUYKM
TecTBaHW ekcnosmumn, cboTeeTHo 13.00-
550% wn 8.25-4.25% cnpAmMo KOHTpona
(Tabnmuya 1). Mpu BCUYKM BapuaHTn C
yBenuyasaHe Ha ekcrno3vuusara Ha BC S.
plymuthica nsonatr B72 Bbpxy UUCTUTE,
UHXMBUTOPHUAT edekT ce YyBesMyasa,
CbOTBETHO, HaMasifiBaikM MNpouUEeHTa Ha
U3NIONBaHe Ha WHBA3WOHHUTE NlapBu
BTOpa Bb3pacT CNPsIMO KOHTPOJIHUTE
BapuaHTu.

NHxnbutopHuat edpekt Ha BC S.
plymuthica Hali-BEpPOSTHO Ce Ab/MKU Ha
pasnnyHn NeTnuBM OpraHNYHU cbheanHe-
Husa (J1IOC), KOUTO NHXMBUPAT pacTexa Ha
pas3NnYyHM MMKPOOPraHn3Mn U Hemartoau
(Kai et al., 2007; Dandurishvili et al.,
2011). MHOro Manko yyeHu ca TecTBasv
neTnMBuTE opraHuyHu cbefmHeHus (JIOC)
nosyyeHn OT GakTepuanHu u130natu
CMpAMO HeraTUBHOTO UM BNUSAHUE BbPXY
HemaToguTe. lNoBeye TecToBe ca npose-

At temperatures of 19+1°C and
24+1°C, a satisfactory inhibitory effect
was observed for all tested exposures,
respectively, 13.00-5.50% and 8.25-
4.25% relative to the control (Table 1).

In all variants with an increase in the
exposure of BS Serratia plymuthica
isolate B72 on the cysts, the inhibitory
effect increased, respectively, reducing
the percentage of hatching second stage
juveniles compare to the control variants.

The inhibitory effect of BS Serratia
plymuthica is most likely due to various
volatile organic compounds (VOCs),
which inhibit the growth of various
microorganisms and nematodes (Kai et.
al., 2007; Dandurishvili et. al.,, 2011).
Very few researchers have tested VOCs
from bacterial isolates on the nematode
antagonism.

More of tests have been conducted
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OEHN MpegumHO in  vitro, oueHsiBaiiku
NOABWKHOCTTA WM CMBPTHOCTTA Ha
napen  BTOopa  Bb3pact  (/1y), n
N3M10NBaHeTo UM OT UWUCTUTE B pe3yntar
Ha ekcnosuumsta Ha JIOC (Campos et
al., 2010). Huang et al. (2010) oTkpuBaT,
ye NEeTAMBUTE OPraHWYyHW CbeAVHEHUS
otgeneHn ot Bacillus megaterium npuun-
HABaT BUCOKA MPOLEHT Ha CMBPTHOCT
(100%) Ha napBu BTOpa Bb3PACT Ha
Meloidogyne incognita n cuiHoO MHxMbupat
N3/ONBAHETO UM OT SIAYHUTE TOPOUYKN.

EdmkacHOCT Ha 6akTepuasiHa
cycneH3ma Ha Serratia plymuthica
n3oniaT B72 BbpXYy CMBbPTHOCT Ta Ha
NnapBu BTOpa Bb3pacT Ha G. pallida
Npu pasnyHn TemnepaTypu

Mpu BCUMYKM TecTBaHW Temneparty-
pu 1441, 19+1, 24+1°C 1 eKkcnosmumsg Ha
Serratia plymuthica wu3zonat B72 KbM
napsu BTOpa Bb3pacT 3a 24, 48 un 72
yaca, nosuwasa 6pos Ha mbpTBUTE Jl,
(Poos). Mpu 14+1°C OGelwe oT4yeTEHA
3HauUTE/IHA CMBPTHOCT B 6pos Ha J1, npu
BCWYKM BapuaHTM Ha eKkcnosmuus B
CpaBHEHMe C KOHTposata, HO edpekTbT e
No-HUCHK, OTKOJIKOTO MpW Temneparypu
19+1 n 24+1°C (Tabnuua 2).

mostly in vitro, evaluating motility or
mortality of second stage juvenile (J,),
and egg-hatching resulting from VOCs
exposure (Campos et. al., 2010).

Huang et al. (2010) found that Bacillus
megaterium VOCs caused strong death
(100%) of Meloidogyne incognita J, and
strong egg-hatching inhibition.

Effect of Serratia plymuthica
isolate B72 bacterial suspension on
mortality J,s of G. pallida different
temperatures

At all tested temperatures 14+1,
19+1 and 24+1°C exposure of J,s to
Serratia plymuthica isolate B72 for 24, 48
and 72 h increased the number of
mortality J,S (Pggs). At 14+1°C there was
a significant mortality in the number of J,s
at all variants of exposure compared with
the control, but the effect being less
marked than at 19+1 and 24+1°C (Table
2).

Tabnuua 2. EdoukacHocT Ha BC S. plymuthica nsonat B72 (1.7x107 kneTkn / mL)
cpeLy /1, Ha G. pallida npu paznnuHu TemnepaTtypu 1 eKcn03V|L!,i|/|;|

Table 2. Efficacy of BS Serratia plymuthica isolate 72 (1.7x10° cells/ml) against
J,s of G. pallida at different temperatures and exposure

Bpeme Ha n3naraHe Ha /1>

CmbpTHOCT Ha J1; / Mortality of J; [%0]

KbM Serratia sp. [h]

Temnepatypu / Temperatures [°C]

Time of J,s exposure to

- 1441 19+1 24+1
Serratia sp. [h] B72 KOHTpona ., KOHTpOna oo,  KOHTpona
control control control
24 27.75¢c* 3.50d 45.00c 4.25d 64.50¢c 4.50d
48 32.50b 3.00d 62.50b 3.25d 83.00b 4.75d
72 38.00a 2.50d 68.25a 5.00d 88.75a 5.25d

* CTOMHOCTWTE 3a BCAka TemnepaTypa, nocneAsaHun oT efjHa U cbliya 6ykBa, He ce pasnmyaBar 3HauUTeNHO
cnopef, Tecta bHKaH (Poos) / values for each temperature followed by the same letter are not significantly

different according by Duncan’s test (Pgos)

Mpn Temnepatrypun 19+1°C wu
24+1°C edhekTbT Ha bGakTepuasiHaTa cyc-
neHsusa Ha S. plymuthica ce nposiBaBawle
MHOr0 6BbP30 M NpU exkcnosuums ot 72
yaca, CMbpTHOCTTa Ha J1, Ha G. pallida Ha-
pacTtBa CbOTBETHO A0 68.25% (19+1°C) n

At 19+1°C and 24+1°C the effect of
bacterial BS was very rapid, and at 72
hours exposure, the mortality rate for G.
pallida increased to 68.25% (19+1°C) and
88.75% (24+1°C).
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88.75% (24+1°C). MNpu 14+1°C cmbpT-
HOCTTa € 3HauyuTesIHO Mo-B1COKa B CPas-
HeHWe C KOHTposaTa, Ho ed)ekTbT € MNo-
CWNEH Npy ABeTe No-BUCOKM Temneparty-
pu (Tabnumuya 2). MNMo-Huckata ecprkacHocT
Ha BC Ha S. plymuthica npu Temnepary-
pa 14+1°C BEpOATHO Ce Ab/DKM Ha Mo-
TUCHaTUA GakTepuasieH pactex. Bbnpeku
ToBa, bGelwe oTyeTeHa eqUKACHOCT Ha
b6akTepusita B CpaBHEHMe C KOHTPO/uTe,
JOpy M Npu BapuaHTUTe C HUCKa TeM-
neparypa. ToBa e Taka, 3awWoTo S.
plymuthica npuHagnexu koM me3ocun-
HUTE MUKPOOPraHu3Mu, KOUTO Morart Aa
ce pasBuBar npu TemnepaTypu B gvana-
30Ha oT 10 go 45°C (Kenneth, 2008).

N3BOAN

HacTtosiwoTo nscnegBsaHe nokassa,
ye BMABLT Serratia plynmuthica unsonart
B72 nputexaBa HemaTuuuaHa edmkac-
HOCT OT MpoBeAeHWTEe in Vitro ekcnepwu-
MEHTM W MMa 3HauMTeneH noTeHuna
KaTto cpeacTBo 3a OMOMOIMYeH KOHTPOJ
cpewy G. pallida.

EdmkacHocTTa Ha OGakTepusita ce
nposiBsABa 4OpWU Mpu HWCKa Temneparypa
oT 14°C, KoeTo e CBbp3aHo C nosegeHne-
TO Ha KapTogeHaTa uMcToobpasyBalla
HemaToga G. pallida B nouysaTa, 4MeTo
pasBUTME U BpegHa akTMBHOCT 3arnoysa
npu Temneparypa 8-10 °C.

At 14+1°C mortality was significantly
increased comparing with the control, but
the effect was stronger at the two higher
temperatures.

This was probably due to the inhibited
bacterial growth at this temperature.
However, the efficacy of the bacterium
compared to control variants is present
even in low temperature variants.

This is because the Serratia sp. belongs
to the mesophilic microorganisms which
developed in temperatures range from 10
to 45°C (Kenneth, 2008).

CONCLUSIONS

The present study show that the
species Serratia plynmuthica has a
nematicidal efficacy in vitro and it has
considerable potential as a biological
control agent against G. pallida.

The efficacy of bacterium appears
even in lower temperature like 14°C which
is associated with the behaviour of G.
pallida in the soil whose development and
harmful activity begins at a temperature of
8-10°C.
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PE3IOME

OnnTBHT C KPpOMWUA € U3BEdeH Ha
YOI Bpaxpae6Ha, Ha AslyBuasiHa no4sa.
M3nuTBaHMTe TOpOBE Ca BHACAHW KakTo
cnepga: docopHuTe Topose Duofertil n
Eurofertil ca BHacsHM ¢ ocHOBHaTa o6pa-
60Tka. AMOHMeBaTa cenuTtpa, Sulfamo un
KSC ca BHacsiHMu C chepTuraumsTa.
BapuaHTuTEe ca n3paBHEHW N0 OCHOBHUTE
XpaHUTE/IHN eNeMEHTU C MnomoLTa Ha
KanuneB cyndat 1 TpoeH cynepdiocdiar.

KpomuabT e HacafeH npes eceHTa,
a [pobuBute ca OT4YETEHW npe3 Hnu.
Ha6nopasat ce pa3nvku B fo6usute npu
TopoBeTe €  pasmMyHa  pocchopHa
hopmynaums — opTo 1 nonugocdaTu.

Mpy KOHTPOMHUSA  BapuaHT ce
Habngasar no-BUCOKM NPU TOPEHETO C
amoHueBa cenutpa. Jobusute ot KSC ca
613K/ [0 Te3n Ha cenutpara. B cbLioTo
Bpeme gobusute npu Sulfammo ca Hucku
n pobnmkaeBar A0 Te3n 6e3 as30THO
TOpeHe.

Ha ¢hon DUOFERTIL, Haii-BMCOKa
TOpOBa HOpPMa e NoslyyeHa nNpu BapuaHTa
¢ KSC. Jo6uBbT OT BapuaHT ¢ aMOH/eBa
cenuntpa e No-HUCHK.

Accepted: 02.05.2019

Published: 03.07.2019

SUMMARY

The experiment with onion was
carried out in the Experimental station
Vrajdebna, on Alluvial soil. The following
fertilizers were applied as follows: The
phosphorus fertilizers  Duofertii and
Eurofertil were applied with the main soil
treatment. Ammonium nitrate, Sulfammo
and KSC were applied with fertigation.
The treatments were equalled
quantitatively on nutrients with potassium
sulfate and triple superphosphate.

The onion is planted in the Autumn
and the vyield was harvested in July.
Different yields were observed depending
on phosphorus forms — ortho and poly-
phosphates.

In Control treatment conditions,
highest yields were obtained on treatment
with ammonium nitrate application. KSC
treatment yield is like ammonium nitrate.
In same time Sulfammo yield is as low as
treatment without nitrogen application.

At DUOFERTIL background the
highest onion vyield were obtained in
treatment with KSC. Onion vyield in
ammonium nitrate treatment was less
than the KSC treatment yield.
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Hali-Bncok gobue ot kpomug belue
nosiydyeH cbwo npu BapmnaHta ¢ KSC Ha
poH EUROFERTIL. Manko no-HUCKK
pesyntatu ca nosiyyeHn npu aMoHueBaTta
cenutpa u Sulfammo.

BansHeTo Ha camMoOCTOATENHOTO
hochopHO TOpeHe c opTodpochaTn —
EUROFERTIL u nonudoccarn —
DUOFERTIL nokasea, 4e pgobusute ce
yBenuyaBsart gopu 6e3 a3oTHO TOpeHe.

Mpu wu3yyaBaHaTa cxema Ha
BHacsiHe Ha TopoBeTe, opTodiocdaTute
ca no-gobpus M3TOYHMK 3a octhOopHO
XpaHeHe npu oTrexaaHe Ha KpoMua.

KntovoBn gymn:  nyK, as0THU
TopoBe, hoChopHM TopoBe, dhepTurayms,
[obus

YBO/,

Mpe3 nocnegHute aeceTuneTus
NPOMEHUTe B KNMmarta CBbp3aHu C NnoBu-
lWwaBaHe Ha TemnepaTtypuTe u HamansBsa-
He KO/IMYeCcTBOTO Ha BasieXxute BCe Mo-
3arpmxeHo ce KOMEeHTUpaT OT y4yeHu me-
TEop0/103U, arpoTEXHULM, CENEKLMOHEPHU,
KakTo “ OT wwupokata o06wecTBEHOCT
(Parry, 1990; Mitova et al, 2016).
FnoGanHOTO 3aTonfisiHe W HamasisiBaHe
Ha BaJIeXuTe B MOBEYETO OT reorpadcku-
T€ pervoHu umat oTpuuarteneH edekT
BbPXYy NPOM3BOAUTENHOCTTA Ha KyNITypu-
Te (Parry, 1990). Peanua aBTopu ca uU3-
cnefsanu epekta 0T MUHEPASTHOTO Tope-
He 3a npeojosisiBaHe Ha nocneguuute ot
pas/iMyHM Mo NPOAB/IHKMTENHOCT 3acylua-
BaHua (Slavov and Alexandrov, 1996).
V3anon3eBaHeTo Ha MUHEpPasTHU TOPOBE ce
€ npeBbpHaN0O B HepasgenHa uvacT oOT
TEXHOMOrMATa Ha OTINIeX4aHe Ha OCHOB-
HUTE 3eMefenickn KynTypy U € OCHOBEH
(pakTop 3a nosilyyaBaHe Ha BWCOKU U CTa-
6unHn aobmsn. Heobxoaum e yCcTOMUMB
6anaHc Mexagy efneMeHTUTe B cuctemara:
noysa - TOp - pacTeHme - [obus -
kayectBo (Yancheva and Manolov, 2003;
Babrikov et al., 2010; Petkova, 2012)

Te3n  ob6cToATencTtea  Hanarart
TbpCEHE W MpwaraHe Ha MeToau 3a no-
e(heKkTBHO M3MON3BaHe Ha BOAHUTE
pecypcu 1 MYHepasiHATe TOPOBE.

The highest yield of onion was
obtained on KSC treatment at the
background EUROFERTIL. Lower results
were obtained for ammonium nitrate and
Sulfammao.

The influence of singly application
of orthophosphates — EUROFERTIL and
polyphosphates — DUOFERTIL shows
that phosphorus fertilization is increasing
onion yields without applied nitrogen.

Orthophosphates are better source
for phosphorus nutrition in this scheme of
fertilizer application for onion growing.

Key words: onion, nitrogen
fertilizers, phosphorous fertilizers, ortho
and polyphosphates fertigation, yield

INTRODUCTION

In recent decades, climate change
associated with increasing temperatures
and decreasing the amount of rainfall is
being discussed by meteorologists,
agronomists, breeders, and the general
public (Mitova et al., 2016; Parry, 1990).

Global warming and rainfall in most of the
geographic regions have a negative effect
on crop productivity (Parry, 1990).

A number of authors have studied the
effect of mineral fertilization to overcome
the effects of different droughts over time
(Slavov and Aleksandrov, 1996).

The application of inorganic fertilizers has
become an integral part of the basic crop
farming technology and is a key factor in
obtaining high and stable yields.

Sustainable balance between elements of
the system: soil - fertilizer - plant - yield -
quality is needed (Yancheva and
Manolov, 2003; Babrikov et al., 2010;
Petkova, 2012).

These circumstances require the
search and implementation of methods for
more efficient use of water resources and
inorganic fertilizers.
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Bopata v a3oTbT ca pasrnexgaHu
Karo OCHOBHUW SiumMUTUpaLLy dhakTtopu npu
oTInexjaHe Ha 3efieHyyum y Hac. Hauu-
HBbT Ha TAXHOTO W3MO/M3BaHe e efuH oT
(haKTopuTe CUAHO BAMSIELWN Ha ediekTuB-
HocTTa um (Atanasova et al.,, 2007;
Tzenova and Mitova, 2010; Shaban et al.,
2014). YcnewHOTO ynpasJ/ieHMe Ha as3oTa
MOXa fa onTtuMusvpa gobusa v aa yBe-
nnun  peHTabunHocTTa, Kato CblieBpe-
MEHHO [a cBefe A0 MUHMMYM 3aryéute
My B OkOsiHaTa cpepna. CpaBHUTESTHO U3-
cnefBaHe 3a e()ekTVBHOCTTa Ha Kankoso
HanosiBaHe M K/acM4yecKo HanosiBaHe C
BHacsiHe Ha a30THW TOpPOBE € M3BbpPLUEHO
ot Janat, 2007. N3cnepBaHn ca yeTupu
HMBa Ha TopeHe — 70, 140, 210 n 280 kg
a3oT Ha xektap. Mo Bucokm [obuBm ca
NocTUrHaTM C KarkoBOTO HarosiBaHe,
CboTBeTHO 13, 27, 20 n 35% 3a yeTnpute
HUBa Ha TOpeHe.

HeobxoaumocTtTa OT dhepTuranms
npoustuya oT hakta, Ye TpagUUUOHHUTE
MeToAM 3a TOpeHe ca CaMO YacTMYHO
eeKTVBHN 1 NMpU TAX UMa MHOTO KakBo
fba ce xenae. MNMopobpeHue B npoueca Ha
depTuraumMa e ToBa, 4e TOpoBeTe ce
npunarar npsiko ¢ BoAara 3a HanosisaHe ¢
nosnBHaTa cuctema. Te ce pasTBapsT
BbB BOJaTa W [OKbAETO Joctura T4,
pocturat u Toposete. OCBeH TOBa Taka
TOpoBeTe ce npuiaraT camo Tam, KbJeTo
€ Heo6xoAnMo, B NOAXOAALLN KOMYecTBa
W B NPaBUIHNSA MOMEHT.

Mpu wn3cnegsaHe B MOYBEHU
kKonoHn Donagemma et al., 2008 ca
nonyynnn pesyntartu 3a npuasmxsaHe Ha
a3oT, docdhop W KanMii No nouYBEHUS
npochna B 3aBUCMMOCT OT YecToTaTa Ha
nosiMBaHe N M3NON3BaHWTE [03U TOPOBE.
Pepa Ha u3mMuMBaHe Ha XpaHUTENHuUTe
e/leMeHTU HamasisiBa no cnefHnA HaunH —
NO; > NH, * > K" > H,PO,. B noBeueTo
C/lyyail HMTpPaTHMSA a3oT Ce € UMW
M3BbH M3cnegeaHata AbnbounHa — 60
cm. Vi3amuBaHeTo Ha kasinga sapupa ot 20
0o 40 cm. dhocdopa ce e 3agbpxan B
cnos 3.5 cm. MHOro HuckaTa NoABMXHOCT
Ha dooccopa npu mscnegsaHUTe MNOYBU
nokasea, 4ye TO3u efieMeHT Tpsbsa Ja ce

Water and nitrogen are considered
as the main limiting factors in the growing
of vegetables in our country. The way
they are used is one of the factors that
strongly influence their effectiveness
(Atanasova et al., 2007; Tzenova and
Mitova, 2010; Shaban et al, 2014).
Successful nitrogen management could
optimize yield and increase profitability
while minimizing environmental losses.

A comparative study on the effectiveness
of drip irrigation and classical irrigation
with the application of nitrogen fertilizers
was carried out by Janat, 2007. Four
levels of fertilization - 70, 140, 210 and
280 kg nitrogen per hectare were studied.
High vyields were obtained by drip
irrigation, respectively 13, 27, 20 and 35%
for the four fertilization levels.

The need for fertilization stems
from the fact that traditional fertilizing
methods are only partially effective and
there is much to be desired for them.
Improvement in the fertilization process is
that fertilizers are applied directly to
irrigation water with the irrigation system.
They dissolve in the water and wherever it
reaches, the fertilizers reach, too.
Furthermore, so fertilizers are only applied
where necessary in appropriate quantities
and at the right time.

In a study in soil columns,
Donagemma et al., 2008 have obtained
results for the movement of nitrogen,
phosphorus and potassium into the soil
profile, depending on the watering
frequency and the used fertilizer doses.
The nutrient wash line decreases as
follows: - NO3 > NH," > K'> H,PO,". In
most cases, nitrate nitrogen is leached
away from the depth of study — 60 cm.
Potassium wash ranges from 20 to 40 cm.
Phosphorus is retained in the 3.5 cm
layer. The very low mobility of phosphorus
on the soils studied indicates that this
element should be applied with the main
treatment of the soil, and not to wait for its
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BHacs C OCHOBHaTa 06paboTka Ha Mou-
BaTa, a He [a ce yaka pasnpejefieHneTo
My npu thepTuraumsta. MNpu NnogodHN n3-
cneggaHus, hocopsbT € n3muT o 15-20
CM B KOJ/IOHW C Pas/InyHW HeHapyLueHn
nousn (Lefroy et al., 1995). IammMBaHeTO
Ha XpaHUTEeNHUTE eNIEMEHTM NO NOYBEHUS
npodna M3MeHs1 TXxHaTa AOCTBLMHOCT 3a
pacTteHusiTa. A30THMTE TOpOBE cTaBaTta
Nno-HeJOCTbMHKU, a dpochopHUTE ce Mpu-
ABWKBaAT M0-6/IM30 A0 KOpPEeHUTe Ha
pacTteHusiTa B Ha4as10To.

CwmsTa ce, ye ToposeTe 6asupaHu
Ha nonundoccatn ca nNo-ycBoUMM 3a
pacTteHusiTa OT Te3n 6a3npaHn Ha opTo-
ochatn. Monncpocchatute ca 100%
pa3TBOpUMM BbB BOAa, a opTodpocaTute
B Hali-gobpus cny4vaii — 85%. Ho B noBe-
4yeTo m3cnenBaHus MpU MOJICKU KyATypu
He ce oTkpuBatT pasnvkn (Lohry Raun,
2001; Rehm et al., 2002).

Llenta Ha u3cnegBaHusATa € fga ce
nposepn edeKTMBHOCTTa Ha OpTO U
nonundocarnte npu 3e1eHYYKOBMN KYNTY-
pn B ycnosusATa Ha depturauma w1
noBULLEHA NOABWXHOCT.

MATEPWNAN N METO4WA

3a/10keH € NOJICKM TOPOB OMUT C
onutHa kyntypa nyk (Alium cepa) ¢ ecen-
HO 3acsBaHe U NpefLecTBEHVK TUKBUYKU
(Cucurbita pepo). NMousaTa e AnysuasnHo
nvMBagHa, J1IeKo  Mecb4Y/IMBO-TNINHECTA,
npeobnagasawata dpakyma e apedHus
nacbk — 23.3% B A' opeH. Cbabpxa
rofIiM MPOLEHT efpoyvyacTUYHU maTepua-
. 3HAUYUTE/THO yYacTue uma gopakumusTa
Ha eapusa 4vakbn, koato e 37.2%. [lo
CbAbpXaHMe Ha Xymyc no4ysara e
cnaboxymycHa. [lo  OTHOWeEHME Ha
3anaceHocT ¢ 06l a30T € MHOro cnaba
3anaceHa. lNoyBata e 6e3kapboHaTHa U
cnabo kucena. CnabosanaceHa e ¢
noABWXHW doopmm Ha chocdhop 1 Kanuia.

NykbT e copt “Mnosgmecku 10 n ce
oTrnexaga camo ypes apnagpkuk. Cnopef
Xapaktepucrtvkara Ccu JIyKOBULMTE Ha
“Mnosgueckn-10" ca NNOCKO-KPBLIN U
cpefHo eapu. (Shaban et al., 2014). Te
ca 3aceTu Ha 4YeTVpu pefa npu Ab/HKMHA

distribution during fertigation.

In such studies, phosphorus is leached up
to 15-20 cm in columns with various
undisturbed soils (Lefroy et al., 1995).
Leaching nutrients on the soil profile alters
their accessibility to plants.

Nitrogen fertilizers are more inaccessible,
and phosphorus moves closer to the roots
of the plants at the beginning.

It is believed that polyphosphate
based fertilizers are more available for
plants than those based on
orthophosphates. Polyphosphates are
100% water-soluble and orthophosphates
at best 85%. However, in most field
studies, no differences are found (Lohry
Raun, 2001; Rehm et al., 2002).

The aim of the research is to verify
the  effectiveness of ortho and
polyphosphates in vegetable crops in
fertigation and increased mobility.

MATERIAL AND METHODS

Field experiment was carried out
experimental onion as experimental plant
(Alium cepa) with pre-winter planting and
courgettes as precursor of (Cucurbita
pepo). The soail is Alluvial meadow, slightly
sandy-clayey, the predominant fraction is
small sand - 23.3% in A, plowing horizon.
It contains a large percentage of large
particles. Significant participation is the
fraction of the gravel, which is 37.2%. The
humus content in soil is poor. In terms of
total nitrogen supply, it is very poorly
stockpiled. The soil is non-carbonate and
slightly acidic. It is deficient in phosphorus
and potassium.

Onion variety is a "Plovdivski 10"
and is grown only by seed onions.
According to their characteristics, the
bulbs of "Plovdivski-10" are flat-round and
medium-sized. (Shaban et al., 2014).
They are sown in four rows at a plot
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Ha napuenkata— 12 m . 3a hepturauus e
M3Mnon3BaH fIEHTOB  KankoB  Mapkyd
AQUATRAXX 6MIL 16MM/10CM/1.14L/H,
[BOWHO pasnofiokeH B cpegaTta, no
ObXMHA Ha napuenkara, Mexay 2-pu u
3-Tn pef Ha nykoBuuute. 1-8u n 4-1n pep,
ca Ha 23-35 cm OT KankoBus MapKyd.
PacTeHusiTa Ha Kpomug, Nyk ca oTrnexaa-
HW [0 rnaBu TexHuyecka 3psanoct. Mpea-
nosiInBHaTa B/IXHOCT Ha rnoysata ce noj-
Obpxawe Ha 80% ot MNMNB go momeHTa
Ha odhopmsaHe Ha nykosuuute (Gadjalska
etal., 2012; 2015).

M3non3saHu ca cnegHuTe TOpoBe:

docchopHu:

1. Duofertii TOP 34 (N-P-K 5-19-10 +
19S0O; + 0,1% B + 0,1 Zn). Cbabpxa
nonundocdaru.

2. Eurofertil Plus 36 (Physio +) (P,Os5 —
12%, K20 — 24%, SO3; — 15%, B — 0.2%).
Cbabpxa opTohocatu.

A30THU:

1. KSC 3a 3eneHuyum — N- 15%, P,Os -
5%, K,0 - 35%, B - 0.1%,Fe - 0.1%, Mo -
0.1%

2. SULFAMMO (N-PRO) (N - 25%, SOs; -
31%, MgO - 2%). Ha 6a3ata Ha aMOHMEB
cyndar.

3. AMOHMEeBa cennTpa — amoHUEeBO-
HuTpaTeH Top — N-34%.

TopoBeTe ca BHeCeHW C eAHaKBO
Konunuectso poccop 15 kg P205 da™
npean 3acaxgaHeto Ha nyka. A30TbT e
n3paBHEH ¢ amoHueB cyndat ao 4 kg. da™
npeau 3acaxnaHeto Ha nyka. /I3pasHsiBa-
HETO Ha Kasimsa e n3BbpueHo ¢ K,SO,4 Ao
30 kg K,O.da™. AsoTocbabpxalyute To-
poBe ca BHACAHW HEKOJIKOKpaTHO, Ha pa-
BEH nHTepBan ot Bpeme (10 gHu), 3a noc-
TUraHe Ha TopoBa Hopma oT 13,5 kg N.da™,
no cnegHara cxema I-B0O 1 Il-po TOpeHe c
Hopma 1,5 kg N. da™, Il TO n IV-To TopeHe
c Hopma 2,25 kg Nda V-0 n VI-T0
TopeHe ¢ Hopma 3 kg N. da

Cxema Ha onuTa:

KoHTpon
SULFAMMO (N-PRO)
KSC 3a 3eneHuyun
AMOHMeBa cennTpa

AW E

length of 12 m. For fertigation,
AQUATRAXX 6MIL 16MM/10CM/1.14L/H
tape drip hose is used doubled in the
middle, along the plot, between the 2m
and 3 row of bulbs. 1% and 4th row are
23-35 cm from the drip hose.

Onion plants are grown to technical
maturity. The pre-irrigation humidity of the
soil was maintained at 80% of the FC until
the bulbs were formed (Gadjalska et al.,
2012; 2015).

The following fertilizers were used:

Phosphorous:
1. Duoferti TOP 34 (N-P-K 5-19-10 +
19S0O; + 0.1% B + 0.1 Zn). Contains
polyphosphates.
2. Eurofertil Plus 36 (Physio +) (P,Os -
12%, K,0 - 24%, SOz - 15%, B - 0.2%).
Contains orthophosphates.

Nitrogen:
1. KSC for vegetables — N-15%, P,Os -
5%, K,0 - 35%, B - 0.1%, Fe - 0.1%, Mo -
0.1%
2. SULFAMMO (N-PRO) (N - 25%, SO; -
31%, MgO - 2%). Ammonium sulphate
based.

3. Ammonium nitrate — N-34%.

Fertilizers were applied with an
equal amount of phosphorus 15 kg. P,Os
da™ prior to onion planting. The nitrogen is
eqwhbrated with ammonium sulphate to 4
kg. da™ before the onion is planted. The
potassium leveling was performed with
K,SO, to 30 kg K,O. da™. Nitrogen
fertilizers were applied repeatedly, at an
equal time interval (10 days), to achieve a
fertilizer rate of 13.5 kg N.da™, according
to the following scheme: 1st and 2nd
fertilization at a rate of 1.5 kg Nda'1, lll
and IV fertilization with a rate of 2,25 kg
N.da™, Vth and VI fertilization at a rate of
3 kg N.da .

Scheme of experiment

Control
SULFAMMO (N-PRO)
KSC for vegetables

Ammonium nitrate

AW E
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5. Duofertil TOP 34
6. Duofertil TOP 34 + SULFAMMO (N-PRO)

7. Duoferti TOP 34 + KSC 3a
3eeHuyLm

8. Duofertil TOP 34+ AMOHVEBa cemTpa
9. Eurofertil Plus 36
10. Eurofertil Plus 36 + SULFAMMO (N-PRO)

11. Euroferti Plus 36 + KSC 3a
3eNeHuyLm

12. Eurofertii Plus 36 + AMoHuMeBa
cenntpa

PE3YJITATU N OBCBXXOAHE

3a ocurypsiBaHe Ha ONTUMasIHM
YCMOBMS 3a pasBUTME U FapHMPaHOCT Ha
HacaX4eHMeTo Npe3 BeretamymoHHms ne-
pvo4 ce M3BbpLUBaxa PeAoBHU MOSNBKU
ypes cucTema 3a KarnkoBO HamnosiBaHe.

CpaBHEHMETO Ha BapuaHTute 6e3
(ochOpHO TOpeHe nokasa cnegHuTe
pesyntatu. Mpy KOHTPOSIHWSA BapuaHT ce
Habnogasar Hali-HUCKM [06MBM, a Hail-
BMCOK Npu amoHneBa cenutpa (Purypa 1).
Mpn BapmaHTa TOpeH cbCc SULFAMMO
(N-PRO) pobuBa e npuban3uTEsIHO CXO-
[EH C TO3M OT HETOPEHUS C a30T BapuaHT,
a BapuaHTa ¢ Top KSC ce gobnmxasa no
TO3M C amoHMeBaTta cenutpa. Kato usano
[o6MBMTE OT 4eTupuTe BapuaHTa Ha
a30THO TOpeHe Morart fa ce pa3gensrt Ha
ase rpynu. Mbpearta, Xxapakrepusupaia
Ce C OTHOCUTESIHO MO-HUCBHK [obuB
BkNouBa BapuaHtute: KoHTpon — 1491
kg.da’ n SULFAMMO (N-PRO) — 1553
kg.da®. Brtopata rpyna, BKIOYBALLA
BapuaHTMTe C oyepTaBally ce No-BUCOKU
[obueun ce cbetom oT KSC — 1732 kg.da’l
1 amoHueBa cenutpa 1794 kg.da’l.

5. Duofertil TOP 34
6. Duofertil TOP 34 + SULFAMMO (N-PRO)

7. Duoferti TOP 34 + KSC for
vegetables

8. Duofertil TOP 34+ Ammonium nitrate
9. Eurofertil Plus 36

10. Eurofertil Plus 36 + SULFAMMO (N-PRO)
11. Eurofertii Plus 36 + KSC for
vegetables

12. 12. Eurofertil Plus 36 + Ammonium
nitrate

RESULTS AND DISCUSSION

In order to ensure the optimal
conditions for the development and
garnishment of the plantation during the
vegetation period, regular irrigation was
carried out by a drip irrigation system.

Comparison of treatments without
phosphorous fertilization showed the
following results. The control treatment
shows the lowest yields and the highest
yield was with ammonium nitrate
treatment (Figure 1). In the SULFAMMO
(N-PRO) fertilizer treatment, the yield is
approximately similar to that of the
nitrogen-free treatment and the KSC
fertilizer treatment approaches that of the
ammonium nitrate. Generally, the yields of
the four nitrogen fertilization options can
be divided into two groups. The first,
characterized by a relatively lower yield,
includes the treatments: Control — 1491
kg.da™ and SULFAMMO (N-PRO) — 1553
kg.da®. The second group, including
treatments with higher vyields, consists of
KSC - 1732 kg.da’l and ammonium
nitrate 1794 kg.da’ '
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Fig. 1. Influence of nitrogen fertilizers without phosphorus application on onion

yields, kg.da’l
Ha hocdopeH choH oT
DUOFERTIL  Hait-cnabu pesyntartu

nokassa HeTOpeHUs ¢ a3oT BapuaHT 1897
kg.da’, a Haii-BucOK e pfo6wea npu
BapuaHT KSC 2465 kg.da™’ (®urypa 2).
Mpun BapuaHTa C amoHuMeBa cenutpa
2457 kg.da' oTHOBO ce Ha6noaasa
nobus, pobnmxkasau, ce Ao to3m ¢ KSC.
Ha Tpeto MAcTo no go6uB ce Hapexpga
BapvaHTa ¢ Top SULFAMMO (N-PRO)
2280 kg.da’l, HO Beuye ACHO OT/MyaBal,
Ce OT HETOPEHUS C a30T BapuaHT.

On a phosphorus background
DUOFERTIL the worst results show the
nitrogen-free treatment of 1897 kg.da™,
and the highest yield in the KSC
treatment 2465 kg.da™ (Figure 2). In the
ammonium nitrate version, 2457 kg.da'l
again observed a yield close to that of
KSC. The third treatment is the
SULFAMMO (N-PRO) 2280 kg.da™
fertilizer treatment, but now clearly
distinguishable from the nitrogen-free
treatment.
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Fig. 2. Influence of nitrogen fertilizers on DUOFERTIL background on onion

yields, kg.da’l

Ha  doccopeH  choH oT
EUROFERTIL OTHOBO Hail-HUCbBK A06uB
€ MOoMydyeH npu HeTopeHuss C asoT
BapuaHT 2600 kg.da™ (®urypa 3). Haii-
BVICOKl,CI,OGVIB AaBa BapuaHTa ¢ KSC 3771
kg.da™, a BapvaHTUTE C aMOHMWeBa
cenutpa 3479 kg.da® m SULFAMMO
(N-PRO) 3342 kg.da’l nmaTt 6/sM3K1 no
CTOMHOCT pe3yntaru.

On a phosphorus background
EUROFERTIL again the lowest yield was
obtained in the nitrogen-free treatment —
2600 kg.da™ (Figure 3). Highest yield has
KSC — 3771 kg.da™, and the 3479 kg.da™
and SULFAMMO (N-PRO) 3342 kg.da™
ammonium nitrate treatment have similar
results.
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Fig. 3. Influence of nitrogen fertilizers on EUROFERTIL background on onion

yields, kg.da’l

OueHkaTa Ha B/AWAHMETO Ha
hochopocbabpKalmMTe TOPOBE BbLPXY
obwusa [fobuB HM MoKasBa, 4ye npu
KOHTpPO/SIHMSA BapuaHT, 6e3 docdopHo
TOpPeHe BbLMPEKM BHACAHETO Ha a30TChb-
AbpXaln Topose, HeJOCTUIbT Ha obMme-
HeH hochop B noysaTa He NO3BOSIBA Ha
pacTeHusiTa fa pasrbpHaT Mb/HUS CK
noteHuuan (durypa 4).

The assessment of the impact of
phosphorus fertilizers on total yields
shows that in the control treatment,
without phosphorous fertilization, despite
the application of nitrogen fertilizers, the
soil phosphorus deficiency does not allow
plants to develop their full potential
(Figure 4).
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Fig. 4. Influence of phosphorus fertilizers without nitrogen application on onion

yields, kg.da’l

BHacaHeTo Ha hocpopo-
cbabpxawmnte Topose (DUOFERTIL un
EUROFERTIL) 3HauuTenHo ysenuuasaT
[o6uBUTE CNPAMO KOHTPOJ/IHUSA BapuaHT.
ToBa ce Ab/kM Ha gobparta 3anaceHocTt
Ha nouysara C opraHW4yeH asoT, Abiikaly,
Ce Ha NPOoAbL/HKUTENIHOTO OTrexaaHe Ha
TpeBHa PacTUTENHOCT Ha MACTOTO Ha
onvta U MYHepannsauusaTa Ha ocTarbLu-
TE N MPU 3e/IEHYYKOBUTE KYNTYPU.

Haii-Bucokn [o6uBM ca nosyyveHu
Ha poH EUROFERTIL npwu knacuyeckara
hopmynaums 3a poctopHn TopoBe Ha
6a3arta Ha opTodocdhatn.

Mo-Huckute pesynrartu npu
DUOFERTIL cnpsmo EUROFERTIL ce
Ab/mkaT Ha Heroeara rno-BMCOKa MoABUXK-
HOCT B YycC/oBMATa Ha hepturaums u
YyCBOAIBAHETO MY OT pacTeHusTa B Haua-
I0TO Ha pas3BUTUETO UM. Taka npu ycno-
BMATA Ha KarnkoBOTO HAarosiBaHe WHTEeH-
3uBHa ynoTpeba Ha pocchopa oT pacTe-
HMATA B HAYyasl0TO Ha onuta He e

The application of phosphorus
fertilizers (DUOFERTIL and
EUROFERTIL) significantly increased the
yields compared to the control treatment.
This is due to the good soil supply with
organic nitrogen due to the continuous
growing of grass vegetation at the place
of experiment and the mineralization of
the residues and in the vegetable crops.

The highest yields are obtained on
the background of EUROFERTIL in the
classical formulation for phosphorus
fertilizers based on orthophosphates.

The lower results for DUOFERTIL
vs. EUROFERTIL are due to its higher
mobility in fertigation condition and its
absorption by plants at the beginning of
their development.

Thus, under the drip irrigation conditions,
intensive phosphorus use by the plants at
the beginning of the experiment did not
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no3Bo/inna Ao6poTo UM PasBuUTMTE cref
cpeaaTa Ha BeretauvsTa.

N3BOAN

1. BHacaHeTO Ha dhocopchbabp-
Xaly TopoBe yBenunyaBa fo6UBa, Hesa-
BMCMMO OT a30THOTO TOPEHE

2. AsoTOoCbAbpxawmte TOpoBe WU
Hali-Beue KSC okasBaT MNOOXUTENHO
BNMSHME Ha Aobusa.

3. KoMOGMHMpaHOTO M3Mnon3BaHe Ha
asoT wu cpochopcbabpxawm TOpoBe
3HauUTeNHO yBenuyasat [JobuBa, kaTo
Hali-gobpata KOMOMHaUMA Mexagy TaX e
KSC n EUROFERTIL.
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TENHUA PEXUM Ha KyNTypuTe 3a Hamass-
BaHe Ha Bb3JENCTBMETO Ha TopoBeTe
BbpXy OkosiHarta cpega - ONTUMA*

allow their good development after the
middle of vegetation.

CONCLUSIONS

1. The introduction of phosphorus
fertilizers increases the yield, regardless
of nitrogen fertilization

2. Nitrogen fertilizers and especially
KSC have a positive impact on yield.

3. The combined use of nitrogen
and phosphorus fertilizers significantly
increases yield, with the best combination
being KSC and EUROFERTIL.
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PE3HOME

Llen Ha HacToALWOTO n3cneaBaHe e
[Ja ce CpPaBHSIT TEHOTOKCMYHOTO BAUSHUE
Ha PpPEHTreHoBUTE J/TbuuM U Xepouung
Monosan. TpeTupaHu ca fiyKoBuuu ¢ nse
pas/inyHn 403K peHTreHoBu byeHnsa 300
n 900 rad 3a nepmog ot 10 cekyHAW.
M3non3eaHu ca pasnnyHn KOHLEHTpaumm
xepbuunpg ot pasTBop Ha Monosan (5, 10,
15, 20, 30 ml paspegeHn B 2 | nuTeiHa
Boga). BcsAka egHa OT KOHUeHTpauuute
crnupa pacTexa Ha KOpeHUTe Ha Jiyka.
PacteHusita ce TpeTupaT B NpOAb/MKEHNE
Ha 9 gHW. [b/HKMHaTa Ha KOpeHuTe Ha ny-
Ka HamassiBa C NoBMLIABaHE Ha KOHLIEH-
TpaumsaTa Ha pastBopa. Bb3 ocHOBa Ha
HaleTo um3cnefBaHe, € YCTaHOBEHO, Ye
XeponumabT MMma oTpuuatenHo Bb3geii-
CTBME BBbPXY MUTOTUYHOTO [JesieHne Ha

Accepted: 11.06.2019

Published: 03.07.2019

SUMMARY

Aim of this research is to compare
the genotoxic effects of x-ray and
herbicide Monosan. We treated the onion
bulb in two different x-ray doses 300 and
900 rad, for 10 second. We used, different
concentrations (5, 10, 15, 20, 30 ml
herbicide, diluted in 2 | of drinking water)
of Monosan solutions.

All the concentrations used caused
inhibition to the growth of the onion root.
The plants treated for 9 days. The length
of onion root decreased as the
concentration of Monosan solution
increased. Based on our investigation,
that herbicide has negative effects on
mitotic divisions in onion root tip cells.
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KMIETKNTE Ha KOPEHOBMA BPbX Ha Nyka.
Mpn KoHUeHTpauusa Ha xepbuymaga ot 30
ml gb/mKnHaTa Ha KopeHa ocTasa Henpo-
MeHeHa (Hyna), OOKaTo B KOHTpo/iHaTa
rpyna, Ab/HKMHaATa Ha KopeHa ce yabriKa-
Ba C 8 cm 3a 8 pgHW. 3a cpaBHeHue,
nykosuum o6nbyeHn ot 300 n 900 rad He
crnmpar pacTexa Ha KOPeHUTe CU, KakTo
npu xepbuung Monosan B KOHLeHTpauus
30 ml. MonyyeHUTe pesyntaTu nokassar,
ye No-roNsIMO FeEHOTOKCUYHO Bb3AeNcTBue
okasBa xepbuumnga Monosan.

Kno4yoBn gymun: reHOTOKCUMYHOCT,
peHTreHoBn Jibun, Monosan, KOpeHwu,
Allium Cepa

yBO/[,

Mectuungnte BMM3aT B MoyBaTa
ypes AMPEKTHO fobaBsiHe (CenckocTonaH-
CKWN MPaKTUKN) Un Ypes3 Henpekn MeToam
(M3XBbpaISiHE OT MPOU3BOACTBEHU NJ10-
Wwaaku, cnyyanHo ustnyaHe, nstmyaHe ot
CMeTUWa Ha necTuuugm, noBbPXHOCTHO
oTTu4yaHe n ap.). 3BecTHo e, 4ye nectu-
unanTe BIMSAST BbPXY MNOBEAEHMETO Ha
noyBeHaTa eH3WMHa cucTemMa, KOSiTo urpae
BakHa pons B 6uonornyHata akTMBHOCT Ha
pacTteHusTa (Singh and Kumar, 2008 ).

W3naraHeTo Ha enekTpoMarHWTHO
nbyeHne (EMF-r) Ha XWBM OpraHu3smu
npeaussukea yepexgaHeto Ha [OHK
(Redlarski, 2015). Bbnpeku 3acuneHara u
W1poka ynoTpeba Ha Tesn YCTpOWCTBa,
TOBa € TEMa Ha 3arpuwkeHOoCT 3a y4yeHuTe,
nopaau nocneguuurte ot EMF-r 3a 3gpa-
BeTO Ha xwuBuTe cblectea (Redlarski,
2015; Vian, 2016). MNpoyuBaHus ca O0Ky-
MEHTMpaNn passimyHn 6GUOSIOTMYHN Bb3-
[LelicTBYA, KaTo nosiBa Ha N1e3uMn B XU3He-
HO BaxHM opraHu (Sepehrimanesh, 2014)
1 NPOMEHN B reHHaTa eKcrnpecus, K1eTby-
HUS UUKBA, eH3umHaTa akTuBHocT (Lee,
2005), ekcnpecusaTa Ha NPOTENHU, XOPMO-
Ha/IHATE HMBA, OKCUAATUBHUSA MeTabonu-
3bM, MPONYCKANBOCT Ha K/1eTbyHaTa MeM-
6paHa M TFeHOTOKCMYHOCT NpW w3naraHe
Ha EMF-r (Ruediger, 2009). Bwbnpeku
TOBa, MOBEYETO OT Te3u pesyntartm ca
nosly4eHn OT MpOoy4BaHWs BbPXY XKUBO-
TMHCKaTa cuctema u no-Masiko BHUMaHue

At concentration of 30 ml herbicide the
length of root it was zero. While at control
group the length of onion root it was till 8
cm for 8 days.

While the onion bulbs treated at 300 and
900 rad, did not block the growth of onion
roots, such as herbicide Monosan at 30
ml concentration. Obtained results show
that more genotoxic effect has herbicide
monosan.

Key words: Genotoxicity, X-Ray,
monosan, Root, Allium Cepa

INTRODUCTION

Pesticides enter the soil by direct
supplementation (agricultural practices) or
by indirect methods (discharge from
production sites, accidental spillage,
leakage from pesticide dumpsites, surface
run off, etc.). Pesticides are known to
affect the behaviour of soil enzymatic
system that plays an important role insoil-
plant biological activity (Singh and Kumar,
2008).

Exposure of electromagnetic field
radiations (EMF-r) to the living beings,
induce the damage of DNA (Redlarski,
2015). Notwithstanding, the accelerated
and widespread use of these gadgets, it
has become a topic of utmost concern
among the scientists owing to the health
implications of EMF-r on living beings
(Redlarski, 2015; Vian, 2016). Studies
have documented various biological
effects like induction of lesions in vital
organs (Sepehrimanesh, 2014), and
alterations in gene expression, cell cycle,
enzyme activity (Lee, 2005), protein
expression, hormone levels, oxidative
metabolism, cell membrane permeability,
and genotoxicity on exposure to EMF-r
(Ruediger, 2009).

However, most of these findings have
been derived from studies on animal
system and less attention has been paid
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€ OTAeNIeHO Ha B/IMSAHWETO BbPXY pacTe-
HusATa. Hewo noseye, cpep OCKbAHWUTE
ny6ankauum 3a pacteHmsaTa, Masiko OT THX
cbobuwasart, ye EMF-r yBennuaBar pacte-
Xa Ha pacteHusATa, A0oKaTo APYrn nocouy-
BaT WHXNOUTOpHUTE edekTn Ha EMF-r.
Hanpvmep EMF-r noHnxaBa KbjiHAEMOCTTa
Ha cemeHaTa (Akbal, 2012; Jakubowski,
2012), HapylwaBa pacTexa Ha KopeHuTe,
paHHUA pacTex Ha pascaja U pusoreHe-
3aTa, U npeansBnKea GUOXUMUYHM NpoMe-
HW B pacTeHusaTa (Sharma, 2010).

MATEPVAJT N METOOU

M3non3saHnte B eKcrneprvMeHTa
rmaBuvykMm OT JNIyK ca [MoAroTBeHn 3a
TpeTupaHe upes3 psA3aHe Ha CTapus KOpeH.
OTrnegaHn ca B enpyBeTka Mpu cTaiHa
Temnepartypa.

MpunaraT ce neT pas/INyHU KOH-
ueHTpaumm Ha xepéuumga Monosan (5,
10, 15, 20 1 30 ml). Te3n KOHUEHTpaLMmn
ce nosyyaBar u4pe3 paspexjaHe Ha
xepbuumaa B 2 nuTpa nuTeliHa Boaa.

TpeTupaHeTo Ha KOpPeHUTe Ha nyka
npogbxasa 8 gHu. Cnep TpeTupaHeTo
Ce n3MepBa Ab/pKuHaTa Ha KopeHa.

NlykoBuuute ca TpeTupaHu c fABe
pas3/inyHn 0031 peHTreHoBu sibyeHnsa 300
1 900 rad 3a 10 cekyHau

M3non3ssaHn ca 20 nykoBuum 3a
BCSIKa KOHLLeHTpaLms.

PE3YNITATU N OBCBXXOAHE

Pesyntatute 3a TOKCMYHOCTTA Ha
xepbuyuga Monosan KbM KOPEHWUTE Ha
NlyK ce nofsiyyaBaT 4pe3 M3MepBaHe Ha
ObxnHata Ha kKopeHa (Tabnuua 1).
Joszata ot 30 ml xepbuung nma cusneH
reHOTOKCMYEH edhekT, Kato 6s0kupa
pacTtexa Ha kopeHute (durypa 1).

FeHOTOKCUYHUAT epekT Ha gosa oT
5 ml xepbuuuna, pasteopeH B 2 | BoAa,
crnupa pactexa Ha KopeHa, B CpaBHeHue
C KOHTpo/fHaTa rpyna. CpegHara Ob/Xu-
Ha Ha KOpeHa Mpu KOHUEeHTpauus oT 5 ml
xepbuuug e 3.1 mm. Hai-ronamara
M3MepeHa [Ab/MKMHA € 6 mm, a Hali-
Mankara e 1 mm.

to explore the effect on plants. Moreover,
amongst the scanty publications on
plants, few have reported EMF-r to
enhance plant growth, whereas, others
have documented the inhibitory effects of
EMF-r. For example, EMF-r cause
reduction in seed germination (Akbal,
2012; Jakubowski, 2012), impair root
growth, early seedling growth and
rhizogenesis and induce biochemical
changes in plants (Sharma, 2010).

MATERIAL AND METHODS

The onion bulbs used in the
experiment have been prepared for
treatment by cutting the old root. They
were grown in a test tube at room
temperature.

Five different concentrations of
herbicide Monosan (5, 10, 15, 20 and 30
ml) were applied. These concentrations
were prepared by dilution of herbicide
Monosan in 2 | of drinking water.

The treatment of onion roots has
lasted for 8 days. After the treatment, the
length of the onion root was measured.

We treat the onion bulb and in two
different x-ray doses 300 and 900 rad, for
10 second.

For each concentration, 20 onions
were used.

RESULTS AND DISCUSSION

The results of toxicity of herbicide
Monosan to onion roots was assessed by
measurement of the root length (Table 1).
The dose of 30 ml herbicide has very
genotoxic effect by blocking the growth of
onion root (Figure 1).

Genotoxic effect of the herbicide at
dose of 5 ml per 2 | water, caused
negative effect — Inhibition of root
elongation, compared with the root of
control group of onions. The average
length of onion root at concentration of 5
ml herbicide is 3.1 mm. The largest length
of the onion root is 6 mm, while the
smallest length of the onion root is 1 mm.
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Tabnuua 1. Pe3yntatm OT Ab/DKMHATa Ha KOpeHa Ha nyka, npu pas/inyHa
KOHUEHTpauus Ha xepbuumnga Monosan, pa3pefeH B 2 iMTpa NuUTeiiHa Boga.
Table 1. Results of the onion root length, in different concentration of herbicide
monosan, diluted in 2 liter of drinking water
Nykosuua [ObkvHa Ha KopeH (mm) Ha YK MPU pasnnyHa KoHLeHTpaums Ha
Bulb xep6uuma Monosan, paspegeH B 2 nutpa | nutelia Boga

Length of onion root (mm) in different concentration of herbicide

Monosan, in 2 | of drinking water

5ml 10ml 15ml 20ml 30ml KoHTtpona / Control

1 3 2 2 1 0 5
2 5 0 0 0.5 0 8
3 3 1 0.5 0 0 7
4 2 0 0 0.5 0 8
5 1 1 0 0 0 5
6 3 2 0 0 0 6
7 2 2 1 1 0 8
8 3 2 0.5 0 0 8
9 1 0 0 0 0 7
10 4 2 0 0 0 8
11 6 0 0 0 0 2
12 3 4 2 0 0 9
13 3 2 0 0 0 6
14 4 0.5 1 0 0 8
15 2 1 2 1 0 4
16 3 0 0.5 1 0 7
17 3 2 1 0 0 6
18 5 0 0 0 0 8
19 3 2 1 1 0 5
20 3 4 0.5 0 0 9
CpefHa Ab/MKMHA Ha KOPEH Ha JTyK 62 :20= 27:20= 8:20= 6:20= 0 134: 20= 6.7 cm
Average length of onion root 3.1mm 1.35mm 0.40 mm 0.30 mm

dur. 1. ﬂKO-Bl./-I“I._.I, 6e3 kKopeHu npu 30 ml KOHUEHTpaUMa Ha Xxepbuunga
Fig. 1. Onion bulbs without roots at 30 ml concentration of herbicide

Mpu po3a ot 10 ml Ha 2 | BoAa, At dose of 10 ml herbicide per 2 |
Ob/XnHaTa e no-maska, B cpaBHeHue ¢ | water the length of onion root became
KOpeH TpeTupaH npu KoHueHTpauusa 5 ml | shorter, compared with the root of onions
U C KOHTposiHa rpyna. CpefHaTa Abn- | treated at concentration of 5 ml and with
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XMHa Ha KOPeHUTe NpWu KOHUEeHTpauus oT
10 ml xep6uuyna/2 | e 1.35 mm. Haii-
ronAmara n3MepeHa Ab/knHa e 4 mm, a
Hali-mankaTta e 0.5 mm.

Mpn posa ot 15 ml xepbuung Ha
2 | Bopga, Ab/mkMHaTa e no-maska, B
CpaBHEHMe C KOpPeHU TpeTupaH C KOH-
ueHTpauma 5 ml n 10 ml u cnpamo
KOHTpOsiHa rpyna. CpegHarta Ab/hknHa Ha
KOpeHuTe npu KoHueHTpaums ot 15 ml
xepbuuug Ha 2 | Boga e 0.40 mm. Halii-
ronamata n3Mepe-Ha Ab/KMHA € 22 mm,
a Hail-mankata Ab/mkuMHa Ha e 0.5 mm.

TpeTupaHeto ¢ pgos3a ot 20 ml
xepbuumpa Ha 2 | Boga Boan A0 NO-CUHO
oTpuuaTenHo Bb34elCTBUE, KaTo Hanpu-
Mep Ab/XnHaTa Ha KopeHa e no-Masika B
CpaBHeHWe C TpeTupaHe Npu KOHLeHTpa-
uma 5, 10 n 15 ml u cnpsiMo KoHTponara.
CpefHata AOb/DKMHA MNPy KOHUEHTpaums
oT 20 ml xep6buuug e 0.30 mm. Haii-
ronsMata Ab/MkMHa € 1 mm, a Hai-
Masikata Agb/mkuHa Ha e 0.5 mm
(durypa 2).

CpefHata Ab/KMHA Ha KOpeH OT
NyK MpU KOHTpoNHarta rpyna e 6.7 cm.
Hali-ronsmara agb/mkmMHa € 9 cm, a Haii-
Masikata gb/kKuHa e 4 cm.

Ha Tab6nuua 2 npeactassime pe-
3ynTarute OT BapuaHTUTE C PEHTreHOBO
nbyeHne. Kakto ce Bmxaa B Tabnuuara,
posnte ot 900 rad wumar no-ronam
reHoTokcuyeH eduekt oT po3ute ¢ 300
rad. CpefiHaTa Ab/DKMHA HA KOPEH OT NyK
npyn go3un 900 rad e 2.6 cm, gokato npu
[o3n 300 rad 1A e 3.65 cm, KoeTo e gBa
[O TpUM NbTU MO-KbCa, OTKOMIKOTO B
KOHTpO/IHaTa rpyna (cpefHa Ab/hKuHa Ha
KOPEH OT NyK 6,7 cm).

Haii-ronamarta Ab/mkuMHa Ha Kope-
HUTEe Ha nyka npu ekcnosnums 300 rad e
7 cm, gokato Hali-masikaTa gb/DKuHa Ha
KopeHa Ha nyk e 1 cm.

Hail-ronamata Ab/mKMHA Ha Kope-
HUTe Ha nyka npu ekcnosuuma 900 rad e
5 cm, gokaTo Haii-mankaTa gb/DKUHa Ha
KopeHa Ha nyk e 1 cm (durypa 3).

Hail-ronamata [AOb/mDKUHA B KOH-
TponHata rpyna e 9 cm, a Hali-mankaTta
Ob/DKMHa e 2 cm.

control group of onions. The average length
of onion root at concentration of 10 ml
herbicide/2 |, is 1.35 mm. The largest length
of the onion roots is 4 mm, while the
smallest length of the onion root is 0.5 mm.

At dose of 15 ml herbicide per 2 |
water, the length of onion root became
shorter, compared to the onion roots treated
at concentration of 5 and 10 ml and to
control group of onions. The average length
of onion root at concentration of 15 ml
herbicide/2 |, is 0.40 mm. The largest length
of the onion roots is 2 mm, while the
smallest length of the onion root is 0.5 mm.

Treatment with the dose of 20 ml
herbicide per 2 | water caused more
negative effect — the length of onion root
became shorter, compared to the root of
onions treated at concentration of 5, 10 and
15 ml and to control group of onions. The
average length of onion root at
concentration of 20 ml herbicide/1 |, is 0.30
mm. The largest length of the onion roots is
1 mm, while the smallest length of the onion
root is 0.5 mm (Figure 2).

The average length of onion root at
control group of onions is 6.7 cm. The
largest length of the onion roots is 9 cm,
while the smallest length of the onion root
is 4 cm.

At Table 2, we present the results
of treatment with x-ray. As it show in table
the doses of 900 rad, has more genotoxic
effect than doses of 300 rad. Average
length of onion root at doses 900 rad it is
2.6 cm, while at doses 300 rad it is 3.65
cm, it is two till three fold shorter than at
control group (average length of onion
root 6.7 cm).

The largest length of the onion
roots at exposure 300 rad is 7 cm, while
the smallest length of the onion root is 1
cm.

The largest length of the onion
roots at exposure 900 rad is 5 cm, while
the smallest length of the onion root is 1
cm (Figure 3).

The largest length of the onion
roots at control group is 9 cm, while the
smallest length of the onion root is 2 cm.
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Tabnuua 2. b/mK1UHaA Ha KOPEH OT MyK, B ABe pa3/InyHM peHTreHoBn Ao3um 300 u
900 rad 3a 10 cekyHaun

Table 2. Results of the onion root length, in two different x-ray doses 300 and
900 rad for 10 second

Nykosuua [ObmkuHa Ha KopeH (Cm) Ha /TyK Npu ABe pas/IyHy PEHTTEHOBMW [,03K
Bulb 300 1 900 rad 3a nepuog ot 10 cekyHan
Length of onion root (cm) in two different x-ray doses 300 and 900 rad
for 10 second.

300 kv 900 kv KoHTtpona / Control group

4 5

O©CoOoO~NOUWNE

NWBNNREPNMNNERPNWORRALOWRARWWN

Juny
N

NP OWWNDPWWORARWNERPWONWOO

OCUIOONPAOOOWONOWONO0OWO®U 0N

CpefHa Ab/MKMHA Ha KOPEH Ha JTyK 73 :20=3.65 cm 52:20=2.6 cm 134: 20=6.7 cm
Average length of onion root

dur. 2. ObMmKMHA HA KOPEHW Ha /YK MPpU pasnyHa KoOHUeHTpaumsa Ha xepouumg,
Fig. 2. Different length of onion roots at different concentration of herbicide
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dur. 3. IbMKMHA HA KOPEHU Ha /YK MPpU pas/inyHa eKCcno3uuus Ha peHTreHOBU /1bUu
Fig. 3. Different length of onion roots at different exposure of x-ray

n3BOAMU

Bb3 ocHOBa Ha pesynrartute Moxe
Ja ce 3aknoun, ye xepbunumabTt Monosan
B KOHuUeHTpauus ot 30 ml uma no-ronsam
reHOTOKCMYEH ecdhekT, cnupalikn pacTtexa
Ha KOpeHuTe, B CpaBHEHNE C PEHTTEHOBU-
Te NMbuUn.

BapmnaHTuTe C Apyrn KOHLUEHTpa-
uum (5, 10, 15, 20 ml) umaT Haik-manka
Ob/HKMHA Ha KOpeHa, CNpPsIMO KOHTPOJIHA-
Ta rpyna.

CONCLUSIONS

Based on the results it can be
concluded that herbicide Monosan, has
more genotoxic effect, compared with x-
ray, blocking the growth of the onion root
in 30 ml herbicide concentrations.

The treatment of onion root in other
concentration (5, 10, 15, 20 ml) has the
shortest length compared with control

group.
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PE3HOME

Mpe3 nocnegHUTe roAgnHM y Hac ce
npoyyBa B/VSHUETO Ha MHOKy/auusata Ha
noysata C [AbXAOBHW YEPBEU BBHPXY
NMOYBEHOTO N/04OpOAME U pacTuTesiHaTa
NPOAYKTUBHOCT, KaKTO U BbPXY MUKPOOMO-
nornyHuTe M U3NYHKW nokasaTtenu Ha
noysarta. B HacToswara paboTa ce cb0ob-
Wwasat AaHHW 3a ehekta OT MHOKyNnauums-
Ta Ha MU3NyXXeHa kaHesieHa ropcka no4ysa
OBXO0BHM  4YepBenM BbPXY EH3UMHaTta
aKTMBHOCT B pusocgieparta Ha ftouepHa.
W3cnepgBaHn ca B AvMHaMuka caMOCTOSs-
TE/THW U CMECEHM WHOKyNauuum C eHpo-
revk, aHecuK U enuremKk YepBem U CbC
CUMOUNOTUYHN a30TmKCcUpawm GakTepun
Rhizobium meliloti wam 116. AdaHHuTe
nokassart, 4Ye MpUIOXKEHUTE WMHOKyNaumm
BMAAT NO pas/IMdeH HauuH BbPXY
aKTMBHOCTTa Ha wu3cnefBaHWTe eH3UMW.
YcTaHOBEH e nojyepTaH MONOXUTENEH
edhekT Ha CaMOCTOATE/IHUTE WHOKy/1auun
C €enureMk n eHporenK 4YepBen BbpXy
MHBEpTa3HaTa akTMBHOCT Ha Mo4yBara.

Accepted: 07.05.2019

Published: 03.07.2019

SUMMARY

In recent years, soil inoculation with
earthworms has been investigated in our
country with an aim to increase soil fertility
and plant productivity, and to assess the
effect on soil microbiological and physical
parameters. In this study, data on the
effect of earthworm inoculation of Chromic

Luvisol on enzyme activity in alfalfa
rhizosphere are reported.
Single and mixed inoculations with

endogeic, anecic and epigeic earthworms,
and with nitrogen-fixing bacteria
Rhizobium meliloti strain 116 were
performed. Data showed that inoculations
applied had different influence manner on
enzyme activities of rhizosphere soil.

Single epigeic and endogeic earthworm
inoculations had a pronounced positive
effect on solil invertase activity.

Mixed inoculation with earthworms+Rh.
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Mpyv cmeceHaTa WHOKynauus C Tpute
rpynu yepsen+ Rh. meliloti 1 camocTos-
TenHata ¢ Rh. meliloti e ycTaHOBEHA TeH-
JeHUMsa Ha yBennyeHne Ha ypeasHara ak-
TUBHOCT MPW MbPBW OTKOC Ha JloLuepHara.
Bcrykn camoCTOATENIHU U CMECEHWU WHO-
Kynauuy okassat MOJIOKUTESNIHO BUSHUE
BbpXy pocchaTasHaTa akTMBHOCT B Kpas
Ha n3cnegpaHeTo. KaTo us/10, akTMBHOCT-
Ta Ha M3cfieBaHUTe EeH3UMW Ce MOHMXa-
Ba B Kpas Ha Beretauusra.

KntouoBM fymMu: eH3MHa akTUBHOCT,
ObXO0BHW 4yepBeW, KaHefleHa ropcka
noysa, siloLepHa

YBO/,

Mpe3 nocnegHute peceTuneTns B
MHOFO CTpaHu Cce eKcrnepumeHTMpa no
npunaraHeTo Ha HOB 6UonornyeH cnocob
3a nosuvlIaBaHe Ha pacTuTesiHata npo-
OYKTUBHOCT M MOYBEHOTO MI0A0pPOANE —
WHOKy/lauusi Ha no4ysata C ObXA0BHU
yepBen. [bXOAOBHUTE 4YepBeU ca [OMU-
HMpalLl, KOMMOHEHT Ha Mo4YBeHaTa MakKpo-
(payHa 1 4pe3 cBosiTa AeiHOCT nopobpsi-
BaT MoyBeHaTa CTPYKTypa, Bb3OYLIHUSA U
BOLEH pexXxum Ha noysara, yckopsiBat
pasnaraHeTo Ha OpraHW4yHuTE CbeuHe-
HWS, yyacTBaT B KpblroBpaTa Ha BeLlyec-
TBata W yBesMyaBarT [OCTbMHOCTTA Ha
XPaHUTESTHUTE efleMeHTH, HeobxoanMK 3a
pasButMeTto Ha pacteHuaTa (Lee and
Foster, 1991; Lavelle at el, 2004; Six at el,
2004). OwbxpoBHWUTE uvepBeu ca fobpe
M3BECTHM KaTO BEKTOpPU Ha pasnpocTtpa-
HEHME Ha peguua MUKPOOPraHU3Mu, eaHu
OT KOUTO Ca CUMOBUOTUYHUTE a30TIUKCU-
pawwn 6aktepun oT pog Rhizobium spp.
(Madsen and Alexander, 1982; Doube et
al., 1994a). YcTaHOBEHO €, Ye npu noysu
C N0 — TOMIAAMO pasnpocTpaHeHne Ha
3eMHV YepBeun, Mma 3acusieHa eH3UMHa
aKTMBHOCT — NpoTeasa, ypeasa, uHBepTa-
3a u docpatasza (Tao et al, 2009).
VHoKynaumaTa Ha no4ysata C AbXLOBHM
yepBeun e 0c06eHO NOAXOAALLA 3a MPUIIOo-
XEHMe npu OGUOOTUYHUTE CUCTEMU Ha
3emMefenve 3a MnojsiydyaBaHe Ha €Ko-
NIOTUYHO 4uCTa pacTuTenHa npoaykKuus.
(Thompson, 1993; Doube et al, 1994b).

melliloti 116 and single inoculation with
Rh. melliloti 116 tended to increase the
urease activity at the first alfalfa cutting.

All  single and mixed inoculations
positively affected acid phosphatase
activity at the end of the experiment. In
general, the activity of all enzymes
studied declined at the end of vegetation.

Key words: enzyme activity,
earthworm inoculation, Chromic Luvisol,
alfalfa

INTRODUCTION

During the past decades in many
countries earthworm inoculation of soll
has been investigated as a mean for
increasing plant production and soil
fertility.

Earthworms are dominant in sall
macrofauna communities. Their activities
in soil improve soil structure, water and air
regime.

They accelerate residue decomposition,
take part in element cycling and improve
nutrient availability to plants (Lee and
Foster, 1991; Lavelle at al, 2004; Six at al,
2004).

Earthworms are well known vectors of
microorganisms. As such, they facilitate
the distribution of many microbial species,
Rhizobium spp. being among them
(Madsen and Alexander, 1982; Doube et
al., 1994a). Higher soil enzyme activity
(protease, urease, invertase  and
phosphatase) was found in the soil with
earthworms than in the soil without added
earthworms (Tao et al, 2009).

Soil inoculation with earthworms is
appropriate for biological agriculture
systems aiming to provide healthy and
environmentally friendly plant production
(Thompson, 1993; Doube et al., 1994b).
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C TO3M MeTof y Hac ce ekcnepu-
MEHTMpa CpaBHUTE/IHO OTCKOpO. [ly6nuky-
BaxXMe [aHHW 3a B/MSHWMETO Ha WHOKY-
nauyaTa ¢ AbXA0BHM YepBeun BbpXy Aobusa
ot mouepHa (Valchovski et al., 2018). Ycno-
peaHo C OCHOBHATa Lef Cu NnocTaBUXMe 3a-
Jaya [a yCTaHOBUM B/IMS-HWETO Ha WHO-
Kynauusta Ha noysarta C pas/IMyHU BUAOBE
yepBen BbBPXY EH3VMHATa aKkTMBHOCT B
pusocgoepata Ha Jlo-UepHa, KoeTo e
npegmMeT Ha HacTosaTta paboTa.

MATEPVAT N METOON

OnuTHLT € NPoBefieH BbPXY U3Nyxe-
Ha KaHesfieHa ropcka noysa OT OMUTHAa
6asza ,Yenoneuene“, npun WMNA3P ,H.
MywkapoB®. W3cnegsaHata no4ysa ce
Xapaxktepusmpa CbC C/IefHUTE arpoxu-
MWYHM nokasartenu: xymyc — 1.61 9%;
MuHepasieH a3oT — 8.6 mg/kg; P (P,0s) —
13.5 mg/100 g; K (K,0) — 23.0 mg/100g;
pH (H,O) — 6.1. BkioyeHn ca BapuaHTu
Ha camMoCToATe/NIHa M CMeceHa WHOKyna-
UMs Ha noysaTta C MeCTHW BUAOBE [ObX-
[JOBHW uepBeun, obuTaBallM nNoysuTe Ha
Coduuiicko none. TecT-kynTypaTta € Jito-
uepHa (Medicago sativa), copT “lNneBeH
6“. PacTeHuATa ca oOTI/iefaHn B CbAoBe

oT 10 | B 3 noBTOpeHuMss. OnNuTbLT €
m3BedeH no crnepgHata cxema: 1.
KoHTpona — 6e3 wuHOkynauus; 2.

WHokynauma Ha nouysata C eHAOOreuk
yepBen; 3. WHOkynauusa C aHecuk
yepsen; 4. WHokynauua C  enureunk
yepsewu; 5. VIHOKyauus ¢ npegcrasuten
Ha TPUTE EeKOJIOTUYHWU TPYNU ObXAO0BHU
yepsewu; 6. VIHOKynauus ¢ npegcrasuten
Ha TpuUTe eKosIoTNYHN rpynu Yyepsen n Rh.
melliloti 116; 7. Hokynaums ¢ Rh. melliloti
116. 3a ocurypsiBaHe ao6pa npexuBsie-
MOCT Ha ObXA0BHUTE YepBeW B noysaTa e
BHeCeH 2 % pasfioXeH 060pcKku Top.
CbaoBeTe ca OBMAXHABAHU exefHEBHO
[o 60-70% ot INrB.

MpocnefeHo e BAMAHWETO Ha UHO-
KynauumTte C ObXOOBHW 4yepBen U as3oT-
dmKeupallm 6aKTepun BbPXY aKTUBHOCT-
Ta Ha eH3MMUTe uHBepTasa, ypeasa U
Kncena ocparaza B pusochepHaTa
rnoysa Mpu NMbPBU U YETBBLPTU OTKOC Ha

In our country, the experimentation
with this method started recently. We
published data on the influence of
earthworm inoculation on the yield of
alfalfa (Valchovski et al., 2018). In parallel
with the main aim, we planned to study
the influence of inoculation with different
types of earthworms on enzyme activity of
alfalfa rhizosphere which was the subject
of this investigation.

MATERIAL AND METHODS

The experiment was conducted on
Cromic-Vertic Luvisol collected from 0-20
cm layer of the experimental field of
Chelopechene village near  Sofia.
Agrochemical characteristics of the sall
was, as follows: humus content - 1.61 %,
mineral nitrogen - 8.6 mg/kg; available
phosphorus (P,0s) - 13.5 mg/100 g;
available potassium (K,O) - 23.0
mg/100g; and soil reaction pH (H,O) -
6.1. In the treatments, different types of
earthworms picked from local soils of
Sofia region were used. The test-plant
was the Bulgarian “Pleven 6" alfalfa
(Medicago sativa) variety. Plants were
grown in 10 L pots with tree replicates per
variant. The experiment was carried out
according to the following scheme: 1)
control without inoculation, 2) single
inoculation with endogeic earthworms, 3)
single inoculation with anecic earthworms,
4) single inoculation with epigeic
earthworms, 5) mixed inoculation with the
three groups of earthworms, 6) mixed
inoculation with the three groups of
earthworms + symbiotic nitrogen-fixing
bacteria Rhizobium meliloti strain 116, 7)
single inoculation with Rhizobium meliloti
116. For better earthworm life, 2%
manure was introduced in the soil. Pots
were watered daily up-to 60-70% of
water-holding capacity.

The influence of different types of
inoculation on the activity of invertase,
urease and acid phosphatase in
rhizosphere soil at the first and fourth
alfalfa cuttings was investigated. The
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nouepHara. B npoyysaHeTo ca nogbdpaHu
€H3MMUK C KNo4YoBa pons 3a TpaHcdop-
MauusaTa Ha TpyU OT OCHOBHUTE OUOreHHU
enemeHtTn B noysata — C, N wn P.
AHanusuTte ca M3BbPLUIEHN Ype3 BHacsHe
Ha CbOTBETEH CybCcTpaT M oTyMTaHe Ha
npoaykra OT peakuuMsaTa no cnegHute
MeToAu: ypeasHa akTMBHOCT — MO
Hoffman-Teicher (1961); uHBepTasHa — no
Moaudukaumsa Ha metoga Ha Hoffman
(Ampova and Paskaleva, 1970) wu
octhataszHa — no Tabatabai and
Bremner (1969).

[aHHnTe ca o6bpaboTeHu cTaTUCTu-
yecku ype3z ANOVA (LSD-tecT npu p<0.05).

PE3YJITATN N OBCBXAJAHE

Pesyntatute 0T wn3cneiBaHeTo Ha
MHBEpTa3HaTa akTMBHOCT MpU MbPBU OTKOC
nokasaxa yBe/IMYEHUEe NPU BCUYKU WMHOKY-
nnpaHn BapuaHTu (durypa 1). Hali-B1Ccoko
yBenuueHue ce HabnogaBa BbB BapnaHTa ¢
enurenk 4yepeewu, Npu CMeceHaTa WMHOKyna-
UMa Ha TpWUTE eKOMOTUYHW TPynu YepsBen ¢
azoTchmkcupawmTte 6Gaktepun Rh. melliloti
116 n npu camocToATesiHaTa MHOKynauua ¢
Rh. melliloti 116.

enzymes studied play a key role in the
transformation of the three main biogenic
elements — carbon, nitrogen and
phosphorus. Enzyme assays were based
on soil incubation with appropriate
substrate, and after incubation the enzyme
reaction  products were  determined
colorimetrically. The following methods
were used: for invertase activity — Hoffman
and Teicher (1961), for urease activity —
modification of Hoffman’ method (Ampova
and Paskaleva, 1970), for phosphatase
activity — Tabatabai and Bremner (1969).

Data were processed through
ANOVA (LSD-test at p<0.05).

RESULTS AND DISCUSSION

At the first alfalfa cutting, invertase
activity significantly increased in all
treatments (Figure 1). The activity was the
highest in the single epigeic earthworm
inoculation, in the mixed inoculation
earthworms+ Rh. melliloti 116 and in the
single inoculation with Rh. melliloti 116.

mg I"ntoko3a/ g/ h

o
o

BapunaHtu

dur. 1. AKTUBHOCT Ha eH3uMa uHBepTasa B pu3ocdepHaTa nodsa rnpu NbpBmM OTKOC
Ha nouepHa. BapwuaHtn: 1) KoHTpona; 2) VHokynaums ¢ eHgorevk yepseun; 3)
VHokynauma c aHecuk 4yepBeu; 4) NHOKynauusa ¢ enureuk 4depsen; 5) CmeceHa
MHOKYyMaumsa ¢ npeacraBuTe/IM Ha TpuTe €Koa. rpynu depBen; 6) CmeceHa
nHokynauma+ Rh. melliloti 116, 7) Rh. melliloti 116.

Fig. 1. Invertase activity in alfalfa rhizosphere at the first cutting. Variants: 1) control,
2) endogeic earthworms, 3) anecic earthworms, 4) epigeic earthworms, 5) the three
groups of earthworms, 6) the three groups of earthworms + Rhizobium meliloti, 7)
Rhizobium meliloti 116
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Mpy YeTBBLPTU OTKOC CTOMHOCTUTE
Ha  VHBepTasHaTa  aKTMBHOCT  ce
NOoHMXaBaT B CpaBHEHWE C MbPBUSA OTKOC.
B oTAenHu MHOKyNMpaHu BapuaHTu - Npu
CaMOCTOSITENIHUTE UHOKY/Tauun C ENUTenK
W eHJorevk 4yepBewn, akTMBHOCTTa € Mo-
BMCOKa OT KOHTponata (durypa 2).
MoHMKeHNETO Ha MHBEpTa3HaTa
aKTUBHOCT B Kpasi Ha u3cnegBaHeTo
BEPOSTHO € CBbpP3aHO C HamasieHne Ha
KONIMYECTBOTO Ha JIECHOAOCTbLMNHUTE 3a
MUKPOOPraHn3MmnTe BbI1EPOAHN
CbefIMHeHNs B Nnoyeara.

At the fourth cutting, lower values
of invertase activity comparing to those at
the first cutting were registered. In some
threatments (single inoculations with
epigeic and endogeic earthworms) the
activity was higher than the control
(Figure 2). Such a decrease at the end of
the experiment was probably related to
the reduction of available carbon sources
for microorganisms.

0.35 1
0.30 1
0.25 1 b
0.20 1

0.15 A

mg noko3a/ g/ h

0.10 -

0.05 1

0.00 T

3 4 5 6 7

BapwvaHTu

dur. 2. AKTUBHOCT Ha eH3MMa MHBepTasa B pu3ochepHata noysa Npuv 4YeTBbPTU
OTKOC Ha ftouepHa.

BapuaHtn: 1) KoHTpona; 2) VIHOKynaumsi ¢ eHgoreuk yepsen; 3) VIHOKynaumsi c
aHecuk 4epseun; 4) VIHOKynauus c enurenk yepseun; 5) CmeceHa WMHOKynauusa c
npeacTaBUTENN Ha TPUTE €KOJ1. rpynun Yyepeeu; 6) CmeceHa nHokynayma+ Rh. melliloti
116, 7) Rh. melliloti 116.

Fig. 2. Invertase activity in alfalfa rhizosphere at the fourth cutting. Variants: 1)
control, 2) endogeic earthworms, 3) anecic earthworms, 4) epigeic earthworms, 5) the
three groups of earthworms, 6) the three groups of earthworms + Rhizobium meliloti,

7) Rhizobium meliloti

YcTaHOBEHa € TeHAeHUus Ha yBe-
NMYeHVe Ha ypeasHaTa akTUBHOCT npu
CMeceHaTa WHOKynauusi ¢ TpuTe eKoso-
rmyHn rpynn yepsen + Rh. melliloti 116
(Bap. 6) 1 Npyu camMoCTOATEIHA MHOKyNaL s
CbC CbLUMA Wam asoTumkeupatym bakrepum
(Bap. 7) B HayanoTo Ha onuta (Purypa 3).
Te3n pesyntatu BEPOSTHO Ca CBbp3aHUu C
MeTabo/MTHaTa aKkTMBHOCT Ha a30T(UKCU-
pawmTe 6akTepun. MNpyu caMmocToATENHUTE

The wurease activity tended to
increase in the mixed inoculation with
earthworms+ Rh. melliloti 116 (var.6) and
in the single inoculation with Rh. melliloti
116 (var. 7) at the first alfalfa cutting
(Figure 3). This was probably related to
metabolic activity of nitrogen fixing
bacteria. The single inoculations with
endogeic and epigeic earthworms and
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WHOKY/laumMu ¢ eHA0renk U enurenk vyepeen
W CcMeceHata C TpuTe T[pynu 4epBeu
ypeasHaTa akTMBHOCT Ce MNOHWxaBa, a npu
aHecuK yepBeuTte e 6/13Ka [0 KOHTponaTa.
B kpas Ha ekcnepvmMeHTa (YeTBbPTU OTKOC)
ca OTYeTeHW MUHMMASIHW CTOMHOCTU Ha
ypeasHaTa aKkTMBHOCT BbB BCUYKM BapuaH-
Tn. MonyyeHuTe pesynTatu nokaseaT, ue
ehekTbT OT WHOKynauuutTe C AbXA0BHU
uyepBen BbpPXy ypeasHaTa akTMBHOCT € Mo-
u3paseH B Haya/oTo Ha onuta K Bapupa
CU/IHO MEXAY pa3/IMyHUTE BapuaHTu.

the mixed inoculation with the three
earthworm groups resulted in a decrease
of urease activity. The activity in anecic
earthworm treatment was close to that in
the control. At the end of the experiment
(fourth alfalfa cutting) urease activity was
too low. Results obtained showed that the
effect on urease activity was better
pronounced at the first alfalfa cutting and
that it highly varied among the types of
earthworm inoculations.
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BapuaHTu

dur. 3. AKTUBHOCT Ha eH3nMa ypeasa B pu3ochepHarta noysa npuv nbpBUSA OTKOC Ha
nouepHa.

BapuaHtn: 1) KoHTpona; 2) VIHOKynaums ¢ eHpgoreuk yepseu; 3) VIHOkynaums c
aHecuk uyepBeu; 4) WHokynauus ¢ enureuk depseun; 5) CmeceHa WHOKynauusa c
BMAOBE OT TPUTE eKO/IornyHKu rpynu; 6) CmeceHa nHokys. + Rh. melliloti 116, 7) Rh.
melliloti 116.

Fig. 3. Urease activity in alfalfa rhizosphere at the first cutting. Variants: 1) control, 2)
endogeic earthworms, 3) anecic earthworms, 4) epigeic earthworms, 5) the three
groups of earthworms, 6) the three groups of earthworms + Rhizobium meliloti, 7)
Rhizobium meliloti

[aHHuTe 3a dhochaTazHaTa akTuB-
HOCT MNpu MbpBUS OTKOC MOKa3BaT TeH-

Data on acid phosphatase activity
showed a decreasing trend in inoculated

[JeHUMS Ha NOHWXEHME Ha CTOMHOCTUTE B
WHOKYNMpaHUTE BapuWaHTW CrpPsIMO KOH-
Tponata (durypa 4). Npu camocTosTen-
HWTE WHOKY/auuuM C enurenmk YepBen U
CUMOBUNOTNYHKN a3oThumKcrpalln 6akTepum
hochaTasHaTa aKTMBHOCT € 61u3Ka Ao
KOHTponata. lMOoHWKXEeHNeTO e [AoKa3aHo
3a CaMOCTOATESIHUTE WHOKynauuu C

variants at the first cutting (Figure 4).
Close to the control values were found in
single inoculations with epigeic
earthworms and nitrogen fixing bacteria.
Significant differences with the control for
single inoculations with anecic and
endogeic earthworms and for mixed
inoculation with the three groups were
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aHecuK U eHAorenk BUAOBE 1 3a CMEeCeHuTe
WHOKY/lauMn C 4YepBeu OT Tpute Trpynu.
Kakto u pgpyrute pgBa eHsuma, pocda-
TasHaTa aKkTMBHOCT Ce MPOMEeHsi Npu ABaTta
oTkoca. lMpn 4eTBBLPTU OTKOC TS C€ MOHU-
)aBa Mo abCcoTHa CTOMHOCT B CPaBHEHWE
C aKTMBHOCTTa NpW NbPBU OTKOC, HO
WHOKY/TauMuTe Mmart foKa3aH NnosioxuTesieH
edpekT BbB BCUYKM BapuaHTu (Purypa 5),
KaTo Hali-BUCOK € edhekTa OT aHecuK yep-
Beute. Mogo6HO n3cnesBaHe € N3BbPLLIEHO
n ot Aira and Domingues (2011), kouTo

found. As the other two enzymes,
phosphatase activity changed with the
cutting stages. At the fourth cutting,
phosphatase activity lowered by absolute
value comparing to the first cutting, but all
inoculated variants had positive influence
compared to the control (Figure 5).
Anecic earthworms produced the highest
increment of phosphatase activity. Similar
study was made by Aira and Domingues
(2011). They investigated the influence of

wsnuTBaT TpM pasnuunn  Bupa  semnn | (ree  different earthworm - types  in
uepBeu, ChbBMECTHO C BHacsHe Ha oGopcku | Manure amended soil and found that soil
TOp B nousaTa W ycraHossiBaT gvHamuka | Phosphatase activity dynamically
BbB (pochaTtasHarta akTuBHOCT Ha nousata | changed with the time.
B TeYEHMe Ha BpemeTo.
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BapuaHTu
dur. 4. AKTUBHOCT Ha eH3uMa kucena pocdatasa B pusocdepHaTa rnoysa npu

NbpBM OTKOC Ha fMouepHa. Bapnantn: 1) KoHTpona;

yepBewu,

2) MHoKynauusi ¢ eHgoreuk

3) VIHoKkynaumsi ¢ aHecuk 4vepBeun; 4) MIHOKynauusi ¢ enurenk dyepsewn; 5)

CMeceHa MHOKYyJ/lauus ¢ BUAOBe OT TPUTE eKOTOTUYHU rpynun; 6) CmeceHa MHOKY”N. +

Rh. melliloti 116; 7) Rh. melliloti 116.

Fig. 4. Acid phosphatase activity in alfalfa rhizosphere at the first cutting. Variants: 1)
control, 2) endogeic earthworms, 3) anecic earthworms, 4) epigeic earthworms, 5) the
three groups of earthworms, 6) the three groups of earthworms + Rhizobium meliloti,

7) Rhizobium meliloti
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Bapnanta

dur. 5. AKTMBHOCT Ha eH3uma Kucena dpocatasa B pusocepHata nouysa npu
YeTBBLPTU OTKOC Ha NtouepHa. BapuaHtn: 1) KoHTpona; 2) VIHoKynaumsi ¢ eHOoreuk
yepBen; 3) VIHokynauma c aHecuk 4depseun; 4) VIHOKynauma c enuremk 4depseu; 5)
CmeceHa MHOKy/aumsl ¢ BUAOBE OT TPUTE eKONOTMYHN rpynu; 6) CMeceHa MHOKy/. +
Rh. melliloti 116; 7) Rh. melliloti 116.

Fig. 5. Acid phosphatase activity in alfalfa rhizosphere at the fourth cutting. Variants:
1) control, 2) endogeic earthworms, 3) anecic earthworms, 4) epigeic earthworms, 5)
the three groups of earthworms, 6) the three groups of earthworms + Rhizobium

meliloti, 7) Rhizobium meliloti

Ross and Cairns (1982) mnscnegsat
B/IMSAHUETO Ha 3EeMHUTE YepBen BbpXy
€H3MMHaTa aKkTMBHOCT Ha noysata npu
paiirpac 3a nepuwog oT 13 meceua.
YcTaHOBEHO €, 4Ye aKTMBHOCTTa Ha
ypeasata U ocpatazara Hamanssar,
[oKaTo nHBepTasHaTa akTMBHOCT Ce yBenu-
YyaBa Mo — Bpeme Ha usnureaHeTo. Ho kaTo
US1I0 Ha/MuMeTo Ha 3eMHWUTe uYepBewn
JONB/IHUTESTHO CTUMY/IMPA akTUBHOCTTA Ha
TpuTe eH3mma. 3aksoyaBa ce, Ye yepsenTte
CTUMyNMpar OGUOXMMUYHUTE Mpouecu W
JonprHacAT 3a noBulIaBaHe MPOAYKTUB-
HOCTTa Ha nacuuiara.

[aHHuTe OT M3BefeHua onuT Nnokas-
BaT, 4Ye akTMBHOCTTa Ha Wu3cfneaBaHuTe
€eH3MMK B pu3ocdieparta Ha JlouepHara ce
NPOMEHs AVHAMWYHO, KakTO noj BAUsHWE
Ha NPWIOXKEHUTE WHOKy/auuu, Taka U BbB
Bpb3ka C eTanute Ha uscnensaHe. VHOKy-
nauunte ¢ OAbXA0BHW yepBen N a3oTiuk-
cvpaln 6akTepun BUSAT MNOOXUTESTHO
BbpPXy MHBepTa3HaTa akTUBHOCT, KOeTo e
Nno-CU/IHO U3pa3eHO B HadvasHUA eTan Ha
nscneasaHeTo. o BAVAHWE Ha WMHOKy/a-

Ross and Cairns (1982) studied
the influence of earthworms on enzyme
activity of ryegrass for a period of 13
months. They found that soil urease and
phosphatase activities diminished during
the experimental period, while invertase
activity increased during the time. As a
whole, earthworm inoculation stimulated
the enzyme activities. Authors concluded
that earthworms stimulate soil biochemic-
al processes and contribute to increasing
pasture production.

Data obtained in our study showed
that the activity of enzymes studied in
alfalfa rhizosphere change dynamically
under the influence of inoculations and
experimental stages. As a whole, the
inoculation with earthworms and nitrogen-
fixing bacteria have positive influence on
the invertase activity in alfalfa rhizosphere,
more pronounced in the first stage.
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LMMTEe aKTMBHOCTTA Ha ypeasaTa ce NOHU-
XaBa unu cnabo ce yBennyaBa B OTAE/HU
BapvaHTU B HayasnoTo Ha onuTa. MNonoxwu-
TenleH eqeKT OT BHECEHWUTE WHOKY/aHTK
BbpXy dpocparazara e ycTaHOBEH B Kpas
Ha BereTauusita.

AKTMBHOCTTa Ha TpuTe u3cneasaHun
eH3uMa B pu3ocgepata HamasisBa no
abconoTHa CTOMHOCT B Kpas Ha onuta.
N3BecTHO e, Ye eH3MMHaTa akTMBHOCT Ha
noysara € AuHamMuMyeH nokasarten, KONTo
pearvpa 4yBCTBMTE/IHO Ha MPOMEHWTE B
noyseHuTe ycnosus. B pusocctepata ocseH
MUKPOOPraHM3MmTe, KOpPEeHUTE CblLLo Mpo-
AyumpaT eH3uMU. TOHMXEHNEeTO Ha eH3NM-
HaTa aKTMBHOCT KaKTO B KOHTPONNTE, Taka u
B MHOKy/NMpaHuTe BapuaHTu, BEPOSTHO ce
Ob/DKM Ha HamaneHaTa (QM3MOJIoTMYHa aK-
TUBHOCT Ha KOpPEHUTE WM MOHMXeHaTa Mpo-
OyKUMS Ha eH3UMK B Kpasi Ha BereTalMoH-
HYS nepuos.

N3BOAN

B ycnosBmata Ha CbAOB ONUT C
NouepHa BbpXy U3MYXeHa KaHeneHa
ropcka noysa camocToATesIHATE UHOKYNa-
UMM C eHgorevk W enurevMk 4depseu
oKasBaT nogyepTaH NosfioxuTeneH edexrt
BbpPXY MHBEpTa3HaTa akTMBHOCT Ha pu30-
chepHaTa noysa B HA4asI0TO M B Kpast Ha
onuTa. EchekTbT BbpXy ypeasHaTa akTuB-
HOCT € MOo-M3pas3eH B Ha4yas1I0To Ha onuta
U Bapupa CWHO Mexay pasfimyHuTe
BapuaHTu. NMpu cmeceHata UHOKyauus ¢
TpUTE €EKONOrMYHM Tpynu uyepBenm + Rh.
melliloti 116 n npy caMmocToATeIHA MHOKY-
nauyusa cbc Rh. melliloti 116 B HavyanoTto
Ha onuTa e ycTaHoBeHa TeHAeHUuus Ha
yBE/IMYEHNE Ha akTMBHOCTTa, a npu
CaMOCTOSITE/THUTE WHOKYy/lauum C eHAo-
revk U enurerk 4YepBenm K CMeceHarta C
TpUTe Tpynu 4yepBen ypeasHaTa akTuB-
HOCT ce NnoHmkaBa. Bcuukm npuioxeHu
WHOKYMauun BAVSASIT NONOXUTENTHO BbPXY
doochaTasHaTa aKTMBHOCT B Kpas Ha
onuta, Kato Hai-BMCOK € edpekta OT
aHecuk yepseute. Kato usno, B Kpas Ha
BeretaumaTa akTMBHOCTTA Ha Tpute
uscnefBaHn eH3MMa B KOHTponara W
WHOKY/IMpaHUTe BapuaHTu Hamanssa no
abCooTHa CTOMHOCT.

Urease activity highly varied among
different types of inoculation and the
effect was better pronounced at the first
alfalfa cutting. The effect on acid
phosphatase activity was positive at the
end of vegetation.

The activity of the three enzymes
lowered at the end of experiment. It is
known that enzyme activity is a dynamic
soil indicator which has sensitive
response to changes in soil environment.
In the rhizosphere, except soil micro-
organisms, roots produce soil enzymes,
as well. The low enzyme activity in the
controls and in inoculated variants was
probably due to reduced physiological
activity and enzyme production of roots at
the end of vegetation.

CONCLUSIONS

In the pot experiment with alfalfa on
Chromic-Vertic  Luvisol, the single
inoculations with endogeic and epigeic
earthworms had a pronounced positive
effect on invertase activity in the rhizo-
sphere at the beginning and at the end of
the experiment. The effect of inoculations
on urease activity was better pronounced
at the first alfalfa cutting and it highly
varied among different treatments. In the
mixed inoculation with earthworms+ Rh.
melliloti 116 and in the single inoculation
with Rh. melliloti 116 urease activity
tended to increase, while in the single
inoculations with endogeic and epigeic
earthworms and in the mixed inoculation
with the three earthworm groups it
significantly decreased.

All  single and mixed inoculations
positively affected acid phosphatase
activity at the end of the vegetation, with
anecic species giving the highest
increment. In general, the activity of all
enzymes studied declined at the end of
vegetation.
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PE3IOME

Pa3paboTeHusT uHOBaTMBEH NpO-
OYKT e MoslydeH Ha ocHoBata Ha 6es-
rnyTeHoBu bpaluHa (opn3oBo, 6aaeMOBO)
C pgoGaBka Ha cnupynuHa (Cyx eKCTpakT
Spirulina Platensis — 30 % doukounaHuH),
crnomarartesiHMm CypoBuHM (KpaBe Macho,
HabyxBaTen, nyapa 3axap 1 gp.) 1 xuapo-
Kosiomg, C KouTo ce oboraTsiBa acopTu-
MEHTHaTa /IMCTa Ha cnagkapckuTe uage-
A B cTpaHata. Llenta Ha nscnegBaHeTo
€ fa ce pa3paboTAaT peuenTtypHa dopmy-
Na 1 HoBa TEXHOJI0MMS 3a noslyvyaBaHe Ha
cnafkapcku npoaykT ,JMHUep®, npegHasHa-
YeH 3a cneuugUYHN 34,paBOC/IOBHUN HYXAM.

Mpoy4yeHn ca (PU3NKO-XUMUYHUAT U
MUHEPasHUAT CbCTaB Ha CYpOBUHUTE W
ca npoBefeHN ONUTHW N1labopaTopHU n3-
nMyaHua Ha npoaykta. TecTeHOTO crnag-
Kapcko m3genue e oboraTeHO Ha CIMKO-
UUaHWHN, MUKPO- N MakpOesIeMeHTH, Npo-
TEUHN U Ma3HWHW. HUCKOTO CbAbpXaHue
Ha NPOTEeVH B OPU30BOTO 6paLlHo (6,72%)
ce komneHcupa 4pe3 gobaeka Ha 6Gage-
MOBO 6paluHo (21,20%). Mo oTHoweHue
Ha MasHMHUTe B 6a4emMoBOTO OGpallHO
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SUMMARY

The innovative product developed
is based on gluten-free flours (rice,
almond) dry extract of spirulina (Spirulina
Platensis — 30% phycocyanin), auxiliary
raw materials (cow butter, raspberry,
powdered sugar, etc.) and hydrocolloid
assortment of confectionery products in
the country.

The aim of the study is to develop a
formula and a new technology for
obtaining a ’linger’ confectionery product
designed for specific health needs.

The physico-chemical and mineral
composition of the raw materials has been
studied and experimental laboratory firing
of the product has been carried out. The
pasta confectionery product is enriched
with phycocyanins, trace- and
macroelements, proteins and fats. The
low protein content in rice flour (6.72%) is
compensated by the addition of almond
flour (21.20%). With regard to the fat in
almond meal (51.40%) and its inclusion at
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(51,40%), n HeroBoTO BK/IOYBaAHE 3a
cmeTka Ha opu3oBOoTO OGpawHo (0,92%
MasHWHM) BOAM [0 HapacTBaHe Ha
CbAbPXaHNETO Ha Ma3HWHW B TeCTeHus
KbC. KOSIMYECTBOTO Ha B/IOXEHUTE Ma3Hu-
HN (28,64%) nosuwaBa nNIaCTUYHOCTTA
Ha TecToTo M My npugasa Heobxogumarta
poHnunBocT. EHepruiiHata CTOMHOCT Ha
rotoBua npoaykt (500 kcal/100 g npo-
OYKT) cbabpxa 28,64% MasHuHu, 9,09%
npoteuH, 12,79% BnakHuHn n 43,04%
6€e3a30THM EKCTPaKTHU BELLECTBA.

OT HanpaBeHOTO nNpoy4yBaHe 3a
nosly4aBaHeTo Ha JIMHLUEpP e YCTaHOBEHO,
ye NpPoAYKTBLT Uma Jo6pa NopbLO3HOCT Ha
cpefvHara, xapakrepusmpa ce ¢ NpuaTeH
BKYC, cneuuduyeH muvpuc u apomar
XapakTepHu 3a B/IOXXEHUTE CYPOBUHM.

ACOPTMMEHTBT € npejHa3HauveH 3a
Xopa, CbC cneunduyHn 34paBOC/IOBHU
Hyxan — 60/HM OT Uubofneakus, xopa

aKTMBHO  CMOPTyBalUM, Kakto U C
npodhunakTnyHa uen.
KntouoBu aymu:  6e3rnyTeHoBU

6pallHa, LboNunakusi, NMMHUep, CNmpynmHa

YBO[,

CobulectBeH npobnem, KoWto e
MpsKO CBbp3aH C XpaHEHETO Ha YoBeka
npv W3MOMI3BAHETO Ha TPagULMOHHUTE
3bPHEHW XpaHU e HEemnoHOCMMOCTTa KbM
rnyTeH. FnyteHoBaTa eHTeponatusa ([E),
M3BECTHA OLLe KaTo LbOovakus, npeg-
CTaB/fisiBa XpOHM4YHa 6ofecTt, 3acsarawa
Jeua » Bb3pacTHM BbB BCHAKa efHa
Bb3pacT, MaJIkO MO0-YeCTO NPU >KEHW,
OTKOJIKOTO MPU MbXe, C MPULLESIEH OpraH
THHKOTO 4YepBO. NyTEHBLT € CbCTaBEH OT
6enTbuuTE Ha rNMagvHa W [YyTEHUHA,
KOMTO Ca CBbp3aHN C HULLIECTETO B EHAO-
crnepma Ha HSIKOW XXWUTHU 3bPHEHU Ky/Ty-
pn (Atanasova et al., 1977; Vangelov,
1999; Krachanova, 2000; Karadjov, 2007).
Te umaT pasyHU MONEKYTHU Macu 1
ou3nyHM cBoilicTBa. Te3nm pasa bGentbka
nsrpaxgar okosio 80% OT 6eNTbyHOTO
CbAbpPXaHne B 3bPHOTO Ha NweHuuara u
ca rnaBHata npuvyMHa 3a pasBUTUETO Ha
rnyteHoBsara eHteponartusa. bosiHute ¢ ME
He noHacsiT rnMafuH-a/Ikoxon-pasTBoprma

the expense of rice flour (0.92% fat) leads
to an increase in the fat content of the
dough.

The amount of fat input (28.64%)
increased the doughtiness of the dough
and gives it the necessary friability. The
energy value of the finished product (500
kcal / 100 g product) contains 28.64% fat,
9.09% protein, 12.79% fiber and 43.04%
non-extractable substances.

The study for the preparation of a
lincer had shown that the product had a
good porosity of the  medium,
characterized by a pleasant taste, specific
smell and aroma characteristic of the raw
materials used.

The assortment is designed for
people with specific health needs -

patients with celiac disease, active
sportsmen and prophylactics.
Key words: gluten-free flours,

celiac, lincer, spirulina

INTRODUCTION

A major problem that is directly
related to human nutrition when using
traditional cereals is gluten intolerance.
Glutteny Enteropathy (GE), also known as
celiac disease, is a chronic disease
affecting children and adults at all ages,
slightly more frequent in women than in
men, with the target organ in the small
intestine.

Gluten is composed of the proteins of
gliadin and glutenin which are related to
starch in the endosperm of certain cereal
crops (Atanassova et al., 1977, Vangelov,
1999, Krachanova, 2000, Karadjov et al.
2007). They have different molecular
masses and physical properties.

These two proteins make up about 80% of
the protein content in the wheat grain and
are the main cause of the development of
gluten enteropathy. PE patients do not
tolerate a gliadin-alcohol-soluble gluten
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dpakuns Ha rnyteHa. EguHCTBEHMAT
epeKkTMBEH HauuH 3a ga ce usberHar
CUMNTOMUTE € NpuaaraHeTo Ha nogbpaHu
OVeTn, B KOUTO OTCHCTBAT NPOTEUHUTE Ha
nweHuuaTa, pbXra, edemuka W HAKOMW
OPYrv 3bPHEHU KYNTypW, KOMTO Morart ga
yBpeasaT uypeBHata suvraBuua (Kozmina,
1971; Grishin et al.,1974; Kazakov et al.
1980). TexHonorusaTa Ha 6e3rnyTeHoBUTE
XNebHn n3gennsi ce oCHoBaBa Ha M3Mosi-
3BaHETO Ha OpaluHa OT uapeBuua, opus,
cosa U enpa, Kakto U ynotpebatra Ha
HMWecTeTa C pas/imyeH 60TaHUYecku
nponsxoq (Ostrovskii, 1959; Lenindger,
1985; Krachanova, 2000). NMonu3axapuan
N XUOPOKOMOMAN, KaTo KcaHTaH, uenyno-
3a, NEKTUHW, B-rnokaHn, ryma ryap u Tex-
HUTE CMEecu ce U3NOoN3BaT KaTo CTPYKTY-
poo6pa3syBaliy KOMMOHEHTU KbM 6e3rny-
TEHOBM TEKCTYPU U TSAXHOTO hopmupaHe
(Ostrovskii, 1959; Genadiev et al., 1968;
Lenindger , 1985).

Xngpokonongnte ca XvapogusHKn
nosMMepu, KOUTo OOMKHOBEHO CbAbpXat
MHOFO XMAPOKCWAHW TPpynn M morat fJa
6baaT nonuenekTponnTh. Te nogobpsasar
cTabunHocTTa Ha TecTtoTo, OPMOYCTOMN-
YyMBOCTTA W MOJSlydyaBaHeTO Ha xN1s6 ¢ no-
BUCOK cneumdmnyeH obem (Ostrovskii, 1959;
Haralampiev et al.,1970; Lenindger, 1985).

Mpn pobaesHe Ha ryma ryap,
MEeKTWH, KCaHTaH W XWAPOKCMnponuame-
TUAUEenyno3a ce nosydaBa xnsa6 c no-
MeKa cpeguHa 1 ce HabogaBa 3abaBsiHe
Ha cTpapeeHeTo Ha xns6a.

XUMUYeCKUsIT cbCTaB Ha GesrnyTe-
HOBUTE XpaHW 06yCc/iaBs MO-HUCKa XpaHu-
TeNHa CTOMHOCT B CpaBHeHMe C Tpagu-
unoHHuTe. ToBa Hanara npoBexaaHeTo
Ha wu3cnefBaHuWs 3a W3MN0MA3BAHETO Ha
XPaHUTESTHU N ANeTUYHN J06aBKU 3a Npo-
M3BOACTBOTO Ha aneTundyeH xns6 (Radoev,
1962; Asp et al., 1983; Antonova et al.,
2003; Ayalew et al., 2006).

Llenta Ha mn3cnegBaHeTo e ga ce
yCTaHOBM peuenTypHa dhopMyna 1 nHosa-
TMBHA TEXHOMOMMS 3a MoJjlyyaBaHe Ha
Ccnafkapcko m3genve nvHUep ¢ nomowta
Ha nogxogswm 6e3rnyTeHOBM GpawHa 1
nogobpaH xnapokosaoua.

fraction. The only effective way to avoid
symptoms is to apply selected diets in
which wheat, rye, barley and some other
cereals that may damage the intestinal
mucosa are absent (Kozmina, 1971;
Grishin et al.,1974; Kazakov et al. 1980).

The technology of gluten-free bakery
products is based on the use of corn, rice,
soy and buckwheat meal as well as the
use of starches of different botanical
origin (Ostrovskii, 1959; Lenindger, 1985;
Krachanova, 2000).

Polysaccharides and hydrocolloids such
as xanthan, cellulose, pectins, glucans,
guar gum and their mixtures are used as
structuring components for gluten-free
textures and their formation (Ostrovskii,
1959; Genadiev et al., 1968; Lenindger ,
1985).

Hydrocolloids are hydrophilic
polymers, which usually contain many
hydroxyl groups and may  be
polyelectrolytes. They improve the
stability of the dough, the mold resistance,
and the production of bread with a higher
specific volume (Ostrovskii, 1959;
Haralampiev et al.,1970; Lenindge , 1985).

When guar gum, pectin, xanthan
gum and hydroxypropylmethylcellulose
are added, bread is obtained with a softer
medium and there is a slowing of the
brewing of the bread.

The chemical composition of
gluten-free foods has a lower nutritional
value than traditional ones. This
necessitates research on the use of
dietary and dietary supplements for the
production of dietetic bread (Radoev,
1962; Asp et al., 1983; Antonova et al.,
2003; Ayalew et al., 2006) .

The purpose of the study is to
establish a formula formulation and

innovative technology for making a
confectionery liner by using suitable
gluten-free  flours and a selected
hydrocolloid.
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MATEPWNAN N METO4WA

3a nonyyaBaHeTO Ha C/afKapcko
usgenve NvHUEep ca usnos3saHu 6esrny-
TEHOBM OpallHa: OpuM30BO U 6afeEMOBO.
Kato  pgonmbnHUTENHW  CypoOBUHM  ca
B/IOKEHN — NyApa 3axap U LUapeBUYHO
HuwecTe. CbrnacHo Hapenba Ne 8 Ha M3
3a M3MCKBaHWS! KbM U3MoM3BaHe Ha [06as-
K/ B XpaHWUTe € BK/IYEH Xuapokonous —
E412-ryma ryap.

KonnyectBoto Ha rnyrteHa e
onpefenieHo Ype3 KOHKYPEHTEH eH3UMEH
nMmyHoaHanin3-R5 ELISA RIDASCREEN
(AOAC-OMA, 2012). MNMpoBeaeHo e nNpoob-
HOTO S1a60PaTOPHO M3NMYaHe Ha NPoayKTa.

VHOBaTUBHUAT NPOAYKT € TeCcTeHo
cnajkapcko usgenue — o6orateHo Ha
hmMKoUMaHMHN, Ha OCHOBaTa Ha OpU30BO
6pawHo, 6agemMoBO 6GpallHO, cnvpynnHa
(cyx ekctpakT Spirulina Platensis 30 %
PMKOLUMAHWH), 4OMB/THUTE/THN CYPOBUHU U
Xugpokosaong, C Kouto ce oboratsaea
acopTMMEHTHaTa /imcTa Ha cnagkapckiTe
n3genvsa B cTpaHara.

3amecBa Ce Mac/IeHO JIMHUEp
TeCTOo OT 6pallHaTta u ocTaHaInTe KoMMo-
HEHTU NO efHOMasHNa MeTos Ha 3amec-
BaHe. [OTOBOTO TecTo e C Mo- ronsma
NAacTUYHOCT. BnoxeHus xuMmmyeH Habyx-
Baten (6aknyneep) yBenuuaBa LIYNAun-
BOCTTa Ha TecTtoTo. TO ce pasTouysa C TO-
ynnka c gebenuHa 4-5 mm v npecrossa 1
yac B X/JlaguHMK 3a BTBbpAsiBaHE Ha
mMacsioto. dopmumpa ce Ha Tonuyeta u ce
NPUroTBs BbB HAMA3HEHUN CbC CbHYOI/IEe-
[0BO 07110 hopMM 3a n3nunyaHe. Tbit KaTo
TecToTo e 6e3ryTeHOBO U ce pasfvBa
npu mMsnuuaHe ce Hanara ynotpebara Ha
hopmu.

M3nnuyaHeTto e npoBegeHo 3a 5
MUHYTK npu 180 °C.

KonnyecTBOTO Ha BIOXEHWUTE Mas-
HUHK (28,64%) noBuwaBa NacTUYHOCTTA
Ha TeCcToTO U My npugasa Heobxogumara
poHnmBocT. EHepruitHaTa ctoiHocT (500
kcal/100 g npoaykT) e BuUCOKa Ha 6asza
BMCOKOTO CbAbpXaHWe Ha MasHUHUTE
(28,64%) 1 6e3a30THUTE EKCTPaKTHU Be-
wectsa (43,04%). Bnarata e cpaBHuTen-
HO Hucka (4,35%), Tbil KaTo BNOXEHUTE

MATERIAL AND METHODS

For obtaining lincer confectionery
product, gluten-free flours were used: rice
and almonds. Additional ingredients are
added — powdered sugar and corn starch.
According to the Ordinance No 8 of the
Ministry of Health on requirements for the
use of food additives, hydrocolloid —
E412-guar gum is included.

The amount of gluten is determined
by competitive enzyme immunoassay-R5
ELISA RIDASCREEN (AOAC-OMA,
2012). Laboratory firing of the product
was done.

The innovative product is a pastry
product — enriched with phycocyanins
based on rice flour, almond flour, spirulina
(Spirulina Platensis 30% phycocyanin dry
extract), additional raw materials and
hydrocolloid, which enrich the assortment
of pastry products in the country.

Mix the oil dill paste from the flour
and other ingredients by the single-step
blending method. The finished dough is
more plastic.

The spent chemical baking agent (baking
powder) increases the dough's porosity. It
is rolled with a 4-5 mm thick grinder and
stays for 1 hour in a refrigerator to cure
the oil. It is formed into balls and is
prepared in sunflower oil-soaked baking
molds. Since the dough is gluten-free and
spills during baking, the use of molds is
necessary.

The roasting is carried out for 5
minutes at 180 ° C.

The amount of fat input (28.64%)
increases the doughtiness of the dough
and gives it the necessary friability. The
energy value (500 kcal / 100 g product) is
high based on the high fat content
(28.64%) and the non-nitrogenous
extracts (43.04%). The moisture content
is relatively low (4.35%), as the raw
materials involved in the dough are damp
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CYpPOBMHM B 3aMeCBaHeETO Ha TecToTo ca
CYXM KOMMOHEHTM C HUCKa BNAXHOCT —
TOBa uUrpae BaXHa posis npv BPeEMETO 3a
n3nuyaHe Ha rotoBUS acCOPTUMEHT, KOETO
e HamasieHo oT 12 Ha 5 muHyTn. ToBa
crecTsiBa efieKTpuyecka eHeprus, Kakto u
BpeMe 3a MpUroTesiHe Ha npoAykta. Bna-
raHeTo Ha BCUYKM NPOAYKTU Npy eAHO(as3eH
MEeTOo[ Ha 3amMecBaHe CbL0 uUrpae BaxHa
ponsi Npy BPEMETO, KOETO € HEOHX0AMMO.

PE3YJITATN N OBCbXXAAHE

XUMWYHUMAT CbCTaB Ha U3MN0/3BaHu-
Te 6pallHa e oTpaseH Ha Tabnuua 1.

dry components — this plays an important
role in the baking time of the finished
assortment, which is reduced from 12 to 5
minutes.

This saves electricity, as well as time to
prepare the product. The incorporation of
all products in a single-phase incubation
method also plays an important role in the
time it takes.

RESULTS AND DISCUSSION
The chemical composition of the
flours used is shown in Table 1.

Tabnmuya 1. PM3MKO- XMMMNYEH CbCTaB Ha 6pallHaTa
Table 1. Physico-chemical composition of flours

Bug npoba Bnara Kncenux- Ma3sHuH® MpoTenHn BnakHuHu Menen Fnytex BEB EHeprus
Type of Moisture HoCT Fat Proteins Fibers Ash Gluten Carbo- kcal/100 g
flours % Acid % % % % mg/kg hydrates npoaykT
(xzsd) oH (xzsd) (x+sd) (x+sd) (x+sd) (xzsd) % Energy
(x+sd) (x+sd) kcal/100 g
product
Opu30B0
6patuHo 11.90+0.02| 0.6+0.01 0.92+0.01 6.72+0.02 1.40+0.01 1.00+0.02 | 14.5+0.05 | 78.06+0.02 359
Rice flour
Bagemoso
6paLlHo 4.04+0.0
Almond 1 15:001 | 51402002 | 21202002 1 44 45,001 | 3232002 1 4 5.005 | 8982001 614
flour

MpOTEMHOBOTO CbAbpXaHMe B Oa-
[emMoBOTO 6paluHo e 21,20%, a B opu3o-
BOTO € 6,72%. Ma3HuHUTe B 6a4eMOoBOTO
6pawHo ca 51,40%, a ¢ NO-HUCKO CbAbP-
XaHve ca B opn3oBOTO 6paliHo — 0,92%.
Mo-Bucoka Bnara e yctaHOBEHa B Opu-
30B0TO 6paluHo (11,90%), a pecnekTUBHO
C No-HMCKa Bnara e 6a4eMoBOTO GpaLlHO
(4,04%). C no-BMCOKa KUCESIMHHOCT €
6agemoBoTo 6pawHo (1,5-H), a c no-
HMUCKa e opu3oBoTo 6paluHo (0,6°H). Mo
OTHOLUEHME Ha BNakKHUHWTE C MO-BMUCOKO
CbAbpXaHne e 6a4eM0oBOTO OGpallHO
(11,15%), a c No-HUCKO CbObpXaHue e
opu3oBoTo 6paltHo (1,40%). be3a3oTHu-
Te eKCTPaKTHW BellecTBa ca C No-B1COKO
CbAbpXaHMWe B  OpPM30BOTO  6GpallHO
(78,06%), a Cc NO-HUCKO CbAbpXaHwe B
6a1eMoBOTO 6palLlHo (8,98%).

The proteins with higher content,
almond meal (21.20%) and lower content
of rice flour (6.72%). The higher fat
content, the almond meal (51.40%) and
the lower flour content (0.92%). In terms
of moisture with higher moisture, the rice
flour (11.90%) and, respectively, with
lower moisture is the almond meal
(4.04%). In terms of acidity with higher
acidity, almond meal (1.5 ° H) and lower
rice flour (0,6 ° H).

In terms of fibers with higher content,
almond meal (11.15%) and lower content
of rice flour (1.40%). With regard to the
non-insulating  extracts with  higher
content of rice flour (78.06%) and with
lower content of almond meal (8.98%).
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Ta6bnuua 2. CbabpXaHue Ha Makpo- U MUKPOEJSIEMEHTM B OpaluHaTta
Table 2. Macro- and trace elements content in flours

Bugose MakpoenemeHTtn, mg/kg OC MukpoenemeHTn, mg/kg OC
6paltHa Macro elements, mg/kg Trace elements, mg/kg

Type of flours Ca K Mg Na Co Cu Fe Mn Zn
Opu30B0 114.25 | 2743.30 | 400.67 246 | 963 | 518 | 76.77 | 111.45 | 70.37
Rice flour

bapemoso 275.49 | 6174.95 | 2954.66 | 543.21 | 7.09 | 12.93 | 57.32 | 28.04 | 56.61
Almond flour

MakpoenemeHtute Ca, Mg, Na n K
ca C MNO-BUCOKO CbAbpXaHue e
6a4emMoBOTO 6pallHO, a PecrneKkTUBHO C
Mo-HUCKO CbAbpXaHue B OPU30BOTO
6pawHo. MukpoenemeHTuTe Mn n Zn ca
C MO-BMCOKO CbAbpXaHue B OpM30BOTO
6pallHO, a C MNO-HWUCKO CbAbpxaHve B
6a4eMO0BOTO 6palLLHO.

O6orateH NpPoAyKT Ha MpPoOTeUMHU U
Ma3HUHU — nuHuep ,,CIMNPYINHA®

Tabnuua 3. PeuenTtypa Ha TeCTOTO
Table 3. Dough formulation

With regard to the macroelements
Ca, Mg, Na and K with higher content of
almond flour, and respectively with lower
content of rice flour. With regard to the
Mn and Zn micronutrients, the rice
content of the flour is higher and the
lower the content of almond flour.

Enriched product of proteins and fats —
lincer "SPIRULINA"

OCHOBHWU cypoBWHU / basic raw material

CTPYKTypoo6pasyBally eneMeHTm / structuring elements

opur30B0 6paLuHo rice / flour - 40%
6agemoBo 6patuHo / almond meal -15%
LapeBnYHO HuwecTe / corn starch - 5%
6aknyneep / baculus - 0.5%

BaHWNuA / vanilla - 0.5%

roteapcka con/ salt - 0.5%

Kpase Macno cow butter - 28%

Spirulina Platensis (30 % dukoueaHuH)- 5%
Spirulina Platensis (30% phycoceanin) -5%
nvodnnmsmpan nnog 6aHaH - 5%
lyophilized fruit banana - 5%

l'yma ryap / Guar gum 0.5%

TexHo/ornyHa noAroToBka

HanpaseHa e npegsapuTenHa nog-
roTOBKa KaTo Xugpokononga ce 3aimsa C
30 ml Boga c Temnepatypa 38 °c,
npecrosiea 10 MUHYTK 3a da xuapaTtupa.
3amecBa ce MacneHo vHUep TecTo oT
6pallHata 1 ocTaHa/IMTe KOMMOHEHTU Mo
efHoasHMA MeToj Ha 3aMecBaHe.
[[0TOBOTO TECTO € C no-ronsAma naacTuy-
HOCT. BrioxeHus xvmMuyeH Habyxsarten
(6aknyneep) yBenuuyaea LynaMBocTTa Ha
Tectoto. TO ce pa3Ttoysa C TO4WSIKA C
pebenunHa 4-5 mm u npecrtosiBa 1 yac B
XNaJWHUK 3a BTBbpAABaHe Ha MacsoTo.
dopmMypa ce Ha TOMyeTa U ce NPUroTeA
BbB HaMa3HEHM CbC C/TbHYOINEeno0Bo
onno copmn 3a wm3nuyaHe. Tbil KaTo
TecToTo e 6e3r/lyTeHoBO U ce pasfvsa

Technological preparation

Preconditioning was done by
pouring the hydrocolloid with 30 ml of
water at 38 ° C, staying 10 minutes to
hydrate. Mix the oil dill paste from the
flour and other ingredients by the single-
step blending method.

The finished dough is more plastic. The
spent chemical baking agent (baking
powder) increases the dough’s porosity. It
is rolled with a 4-5 mm thick grinder and
stays for 1 hour in a refrigerator to cure
the oil. It is formed into balls and is
prepared in sunflower oil-soaked baking
molds.

Since the dough is gluten-free and spills
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npu m3nuyaHe ce Hanara ynorpe6ara Ha
dhopmu.

M3nnyaHeTto e npoBegeHo 3a 5
MuHYTM npu 180 °C. Ternoto Ha eawH
NNHUEp e cpegHo 5,83g.

HanpaBeH e MWKPOGWOMOrMYeH aHa-
13, NpY KOEeTO e YCTaHOBEHO, Ye SnnceaT
nneceHn. CpokbT Ha rogHOCT e 3 Meceua.

BbHUWEH BWUA, M XapakTepuUCTMKa Ha
npoayKTa

during baking, the use of molds is
necessary.

The roasting is carried out for 5
minutes at 180 °C. The weight of a lincer
is 5.83g on average.

A microbiological analysis has
been carried out, showing that no mold is
found. The shelf life is 3 months.

Appearance and characteristic of the
product

®dur. 1. BbHLIEH BN Ha npoaykta
Fig. 1. Appearance of the product

[OTOBUAT MPOAYKT € C npaBuiHa
Kpbrna dopma 1 fobpe m3neyeH. Xapak-
Tepusmpa ce C BMCOKara Cu POHAUBOCT
nopagy CbAbpXaHMeTo Ha MHOro 3axapu
N MasHWHW, HUCKOTO CbAbpXaHve Ha
Bfara 1 0cob6eHoCTMTE B MPOBEXAAHETO
Ha TexHonornyHua npouec. Toli ce
Xapaxkrtepusupa CbC cnafjbkK BKYC U apo-
MaT, XapakTepeH 3a BJ/IOXEeHUTe Ccypo-
BWHW. LIBETHT Ha TeCTOTO ABYLIBETEH — B
KpemaB M TbMHO 3e/leH LBSAT, KOUTO €
XapakTepeH 3a BJIOXKEHOTO KOJIMYECTBO
CyX KoHUeHTpaT Spirulina Platensis.

The finished product has the right
round shape and is well baked. It is
characterized by its high friability due to
the content of many sugars and fats, the
low moisture content and the peculiarities
of the technological process. It is
characterized by a sweet taste and
aroma, characteristic of the input raw
materials. The color of the dough is two-
color — in cream and dark green color,
which is characteristic of the amount of
Spirulina Platensis dry concentrate.
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Ta6r||/|u,a 4. DPU3NKO-XNMUNYEH CbCTaB Ha TroTtoBuUA NPOAOYKT  JIMHUEP
»CMNPYJTNMHA*
Table 4. Physico-chemical composition of lincer ,,SPIRULINA*

Bug | KncenuHHocT Bnara MpoTenHn Ma3HuHM Menen BnakHuHu BEB, EHeprusa
npo6a Acid Moisture%| Proteins Fat Ash Fibers Carbohydrates | kcal/100 g
sample oH (xsd) % % % % % npoayKT

type (xxsd) (xxsd) (xtsd) (xxsd) (xxsd) (xxsd) Energy

Kcal/100 g
product
nlli/lanL:'eerp 3.0+0.01 4.35+0.02| 9.09+0.02 | 28.64+0.02 | 2.14+0.02 | 12.79+0.02 43.04+0.02 500

MpotenHute B npogykTa ca 9,09%.
Ko/imyecTBOoTO Ha B/IOXEHUTE Ma3HUHM
(28,64%) noBuwaBa NMAacTUYHOCTTA Ha
TECcTOTO M My npugasa HeobxogumaTa
poHnmMBoOCT. EHepruitHata ctoliHocT (500
kcal/100 g npoaykT) e Bucoka Ha 6asa
BMCOKOTO CbAbpXaHWe Ha MasHuHUTe
(28,64%) 1 6e3a30THUTE EKCTPaKTHU
BelwlecTBa (43,04%). Bnarata e cpaBHuU-
TenHo Hucka (4,35%), Tbil Kato Bo-
XEHWUTE CYPOBWMHM B 3aMecBaHeTo Ha
TECTOTO Ca CyXM KOMMOHEHTW C HUCKa
B/TQXXHOCT — TOBa Urpae BaxkHa pons npu
BpEMETO 3a W3NMyaHe Ha T[OTOBUA
AaCOPTUMEHT, KOETO € HamasleHo OT 12 Ha
5 MuHyTK. TOBa cnectaBa enekTpuyecka
€eHeprusa , KakTo U Bpeme 3a NpuroTesHe
Ha npoaykta. BnaraHeto Ha BCUYKM
npoaykTu npu epgHodhaseH meTod Ha
3aMecBaHe CblU0 Urpae BaxHa posns npu
BpeMeTo, KoeTo e Heobxogumo. To
HamansBa 3HaumTenHo (5 MuHyTH), 3a
pasnnka OT ApyrM TexHosormM 3a
NPUroTBAHE Ha acoPTUMEHTW OT JIHUEpP
Tecto (15 MUHYTK). YAB/MKEH € CPOKbT
Ha rofgHocT, KouTo e 3 Meceua, 3a
pasnuka Ha TO3M Npu TpaguuMoHHaTa
TexHonormsa — 2 Mmeceua.

The proteins in the product is
9.09%. The amount of fat input (28.64%)
increases the doughiness of the dough
and gives it the necessary friability. The
energy value (500 kcal/100 g product) is
high based on the high fat content
(28.64%) and the non-nitrogenous
extracts (43.04%).

The moisture content is relatively low
(4.35%), as the raw materials involved in
the dough are damp dry components —
this plays an important role in the baking
time of the finished assortment, which is
reduced from 12 to 5 minutes. This saves
electricity, as well as time to prepare the
product. The incorporation of all products
in a single-phase incubation method also
plays an important role in the time it
takes.

It decreases considerably (5 minutes),
unlike other technologies for making a
mix of dough paste (15 minutes). The
expiration date is 3 months, as opposed
to traditional technology - 2 months.

Tabnuua 5. Bnara Ha nnHuep 1-1, 2-4, 3-19 mecel|
Table 5. Moisture analysis of lincer 1, 2, 3 month

Bnara, Bnara, Bnara
Moisture Moisture Moisture
Bua npoba % % %
Sample type (xsd) (xsd) (xsd)
1 mecel, 2 mecel, 3 meceL,
1month 2 month 3 month
nunHuep ,CrPYJTNHA*
lincer ,SPIRULINA* 4.3520.02 3.41+0.02 3.03+0.02
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Tabnnua 6. MUKpOBMONOrMyeH aHasIM3 Ha JIMHLEP
Table 6. Microbiological analysis of lincer

Bug npo6a M3nuTtBaH MeTtoaun EavHuga Ha PesynTtatn ot Ycnosusa Ha
nokasaren Be/MymnHaTa N3NMTBaHeTo N3NMTBaHeTo
Sample type Test item Metods Unit of Results Conditions of
magnitude of the test examination
NnHUep He ce
»CIMNPYNNHA® nnecexHun BAC I1SO 21527- ycTaHoBsiBaT o K= +]
lincer molds 2:2011 cfulg They are not To uh=25:1'C
~SPIRULINA" established
HanpaBeH e MuWKpOGMOAOrnyeH Was made a microbiological

aHa/In3 Ha rotoBoTo mnsgesune, npu KOetTo
€ YCTaHOBEHO, e nuncear njieceHun.

C vHOBaTuBHaTa TexHosormna Cpo-
Ka Ha rogHOCT € yAbJ/DKEH Ha 3 mMeceua,
3a pas/sika OT TOo3u npun TpagnunoHHaTa
TEXHO/0rns, KOWTo e 2 meceua.

n3BOAU

VHOBATUBHUAT  NpOAYKT  JIMHLEP
LCMNNPYNNHA" e 6e3rnyteHos, 6e3 MO,
6e3 KoHcepBaHTU 1 6e3 N3KYCTBEHU OLBe-
TUTeNn, oborateH Ha (prkoLeaHnH, -3 K
w-6 MacTHU KucenuHu, sutamvHn E, B1,
B6, B12, B17, MMKPO- 1 MakpoenemMeHTu,
aMVWHOKUCESIMHWN, MPOTEUHU U MasHUHMU.
MpoAyKTBLT € CbC 3HauMMuM nonsnM 3a
3[paBeTo, KaKTo U 6e3 CTpaHMYHU edek-
TW. Hamupa npuioxeHue npuv nponssBof-
CTBOTO B CfnajkKapckara npoMULLNIEHOCT.
To3n NpoAyKT Bb3AelCTBa MOMOXUTESTHO
BbpPXY MMyHHaTa, OTAeNnTeNIHaTa U KPbBO-
HOCHaTa CUCTEMU B YOBELLKMS OpraHn3bM.

analysis of the product, no was found
molds.

With innovative technology, the
expiration date is extended to 3 months,
as opposed to traditional technology,
which is 2 months.

CONCLUSIONS

The innovative "SPIRULINA" lincer
product is gluten-free, GMO-free,
preservative-free and non-artificial
coloring agents enriched in phycoceanin,
w-3 and omega-6 fatty acids, vitamins E,
B1, B6, proteins and fats.

The product has significant health benefits
as well as no side effects. It is used in the
confectionery industry. This product has a
positive effect on the immune, secretory
and circulatory systems of the human
body.
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