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PE3IOME

BnaTHOTO KOKMYe e LeHeH, 3acTpa-
LeH BMA, OT KOMTO ce npousBexga 6bi-
rapckoTo nekapctso HusanuH®. lMpose-
OeHV ca W3KYCTBEHW 3apasfBaHua B
CTEPU/IHM YC/IOBMSA Ha in Vitro SIyKOBUYKK
OT 6 ecTecTBeHM Obarapcku nonynauun
Ha 651aTHO Kokmye c 4 GakTepuanHu
usonara ot NyKOBULUM CbC CUMMNTOMWU Ha
rHneHe. TllpocnepeHa e nosiBata Ha
CUMNTOMW Ha 3-Tn, 6-Tn 1 9-Tn AeH cneq
3apassBaHeTo. M3uncneH e npoueHTbT
3apaseHy JIYyKOBUYKM OT BCEKM M30naT.
Pesyntatute nokassar,ye nposiBata Ha
BUPYNEHTHOCT Ha naToreHa e B 3aBucu-

SUMMARY

Summer snowflake is a valuable,
endangered species, from which the
Bulgarian drug Nivalin® is produced. The
artificial infections were carried out in
sterile conditions on in vitro bulbs from six
natural populations of Bulgarian summer
snowflake with 4 bacterial isolates from
bulbs with symptoms of decay. The
symptoms were traced on the 3rd, 6th and
9th day after infection. The percentage of
infected bulbs from each isolate was
calculated. The results showed that the
expression of virulence of the pathogen is
dependent on the genotype of the plants,
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MOCT OT TeHOTMMa Ha pacTeHusiTa, [0pu
Ha HMBO Monynaumun.

KniouoBu aymun: 651aTHO KOKMe,
6aKkTepuasiHo rHueHe, N3KYCTBEHO
3passiBaHe, B3aMMO/eliCTB/E pacTeHue-
nartoreH

YBO/,

BnatHoTo Kokuye (Leucojum aestivum
L.) e NYyKOBUYHO, MEAVLUHCKO pacTeHne OT
cemelictBo Amarillydace. EkcTpaktn oT
npeacTaBuTeNn Ha ToBa CeMeicTBO ca C
[oKa3aHy aHTubakTepuasiHW, aHTVBUPYCHM
N aHTUrbbHN edektn (Sener et al, 1998;
Szlavik et al., 2004). BUCOKOTO CbAbpXaHue
Ha ranaHTamuH npasBu 61aTHOTO KOKMYe
LEeHEeH M3TOYHMK Ha CBETOBHOM3BECTHUSA
6barapckm npenapat HuBa/IMH®, KoOWTO ce
M3non3sBa 3a JIeYEeHUEe Ha TEeXKW HeBpo-
JereHepatuBHu 3abonsBaHus kaTo 6osnecT-
Ta Ha Anuxaimep. EcTtecTtBeHuTe Haxogu-
Wwa Ha 6naTtHOTO kokMye B Bbarapua ca
LEHHN 3apajy BUCOKOTO CbAbpXaHue Ha
ranaHTaMuMH B TAX, B CpaBHeHMe C nony-
nauunte B ApyrM  GasikaHCKM  CTpaHu
(Stefanov, 1990). ¥ Hac 6/1aTHOTO KOKMYe €
pas3npocTpaHeHO B HUCKWUTE W BIaXHU ropwu,
MOYyp/SMBMTE, NEPUOAMYHO-3aMBALLU Ce
nvBaaM 1 KpanpeuHu Tepacu, no nopeynata
Ha pekute TyHoxa, Mapuua, [OaBosicka,
dakuiicka, Kamumsa n no npoTtexeHue Ha p.
[JyHaB. (Astadjov, 1980). JyHaBckuTe nomny-
nauuun ca Haii-6oraTv Ha asnkanouga XoMmo-

JIMKOPVH, Kamuuiickute — Ha ankasouga
JIMKOPVH, a Te3n B tokHa bBbarapus
CUHTe3upaT Hali-Beye rasfaHTaMuMH B

pasnuuHn kosnuyectBa (Georgieva et al,
2007; Berkov et al., 2013).

Hannuyumat npupogeH 3anac Ha
Leucojum aestivum L. B bbarapus, onpege-
na  HeobxogumocTTa OT NJlaHupaHe Ha
ObArocpoyHa nporpama 3a MyATMAMCLM-
NAVHapHMW NPOYy4YBaHWsA, CBBbP3aHW CbC
CbXpaHeHNeTo, NoAAbpXaHeTo U edeKTmB-
HOTO M3M0/MI3BaHE Ha TO3M  YHUKasleH
pacTtuTeneH Bua.

Moyt nunceaT cBefeHns 3a naTtore-
HW Npy 6NaTHOTO KOKWMYe, KaTo W3KI0UYUM
HSIKOJIKO CbOOLLEeHNs 3a rbO6HU 6onectn B
N3KYCTBEHW HacaXAeHusa npeau nosevye ot
10 roguHn) (Russeva, 1984; Mirkova and
Karadzhova, 1993). He e AcHo gann mma

even at population levels.

Key words: summer snowflake,
bacterial decay, artificial infection, plant-
pathogen interactions

INTRODUCTION

Summer snowflake (Leucojum
aestivum L.) is a medical bulbous plant
which belongs to the Amarillydaceae family.
Its extracts have proven antibacterial,
antiviral, and antifungal effects (Sener et al.,
1998; Szlavik et al., 2004). The high content
of galantamine makes L. aestivum a
valuable resource for the world-known
Bulgarian medicine Nivalin® (galantamine

hydrobromide), which is used for the
treatment of severe neurodegenerative
diseases like Alzheimer's disease. The

natural habitats of summer snowflake in
Bulgaria are valuable because of their high
galantamine content compared to
populations in other Balkan countries
(Stefanov, 1990). The Bulgarian summer
snowflake is spread in low, wet forests,
wetlands, periodically swamped meadows
and riverside terraces along the rivers
Tundzha, Maritsa, Diyavolska, Fakiyska,
Kamchia and the the Danube (Astadjov,
1980). The Danube populations are most
rich in the alkaloid homolycorine, those
around Kamchia - in lycorine, while those
in southern Bulgaria synthesize mostly
galantamine in varying amounts
(Georgieva et al., 2007; Berkov et al.,
2013).

The available natural reserve of
Leucojum aestivum L. in Bulgaria
determines long-term  multidisciplinary
studies related to the presevation,
maintenance and effective use of this
unigue plant species.

There are almost no reports of
pathogens in Leucojum sp., except for a
few ones of fungal diseases in plantations
more than 10 years ago (Ruseva, 1984;
Mirkova and Karadzhova, 1993). There is
no information are there more pathogens
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OPYTM M MO KakbB HaAYMH B/IMSIAT BBbPXY
CbAbPXaHWETO Ha raslaHTaMuH B PacTeHus -
Ta. B cBeTa ca Wu3BECTHM ronsMm 6poOi
cdMTonaToreHHN 6akTepun Mo NyKOBUYHUTE
pacteHus OT Apyr1 cemencTsa, no-ronsma-
Ta 4yacT OT KOMTO ca HOBW BWUAOBE WU
BMOBE C YCTAHOBEHW HOBY YHUKASIHW CBOIA-
CTBa Ha aHTaroHNcTU 1 6ropemeanaLoHHN
areHtu (Bradbury, 1986; Schaad, 2001).

B npeguwHn uscnensaHusa (Stoyanova
et al., 2012), 655xa perucTpupaHm cCUMnNTOMM
Ha 6akTepuaslHO THWEHe B pacTeHus oT
pernoHa Ha rp. TyTpakaH (65130 Ao p.
[JyHaB, 06n. Cunuctpa). O6wo 10 6akte-
pranHu u3onata 6sixa U30AMpaHu ot
nykosuumute. MatoreHocTTa Ha usonarute
felwle noTBbpAeHa Upe3  U3KYCTBEHU
3apassBaHus Ha Nocnu oT 671aTHO KOKMYe U
Apyrv  rocTonpueMHuuM  (nyk,  3tom6tn,
nane, Hapuwuc). Yact ot u3onatute 6sxa
uaeHTuuupaHn A0 BuA, 4Ype3 CeKBEH-
LMOHEH aHa/M3 Ha reHa 3a 16S pPHK.
Pe3syntatnte OT CEKBEHMpaHETO MNokKa3axa
cbBnageHusa 3a Serratia plymuthica 97-98%
(tpn  wm3onata), Rahnella aquatilis 95%
(eanH wn3onart), Bacillus subtilis 96% (1
n3onar), Stenotrophomonas maltophilia
98%.(1 n3onart).

Llenta Ha HacToALLOTO U3cneaBaHe
e fa ce onpegenu naTtoreHHocTTa Ha
HOBWUTE M30/1aTU BBPXY JIYKOBULUWM OT
6/1aTHO KOKMYEe OT pas/iNnyHU OGbArapcku
nonynauun. lopagu 3awmuTeHua craTyc
Ha 6n1aTHO Kokuuye (Gussev et al., 2007)
W3KYyCTBEHMTE 3apa3fiBaHuA ca M3BbpLUe-
HN BbPXY JIYKOBUYKM PasMHOXEHU in
Vitro., KOETO HamasnsBa pucka nosyvyeHuTe
CUMNTOMWN [a ce Ab/hkaT Ha BTOpUYHA
UHpekums.

MATEPVAJT U METOOU

PactuteneH matepuasn: lNpu mnskyc-
TBEHUTE 3apassiBaHMsA ca W3non3saHu in
Vitro lyKOBUYKM BbBB (pa3a MbpPBU JIUCT,
Hapsa3aHW Ha NoMOBUHKN. Te ca pa3MHOXe-
HA W NOOObPXAHW KakTo e OonMcaHo OT
Georgieva et al. (2010). CenektupaHu ca 6
KMIOHa C npousxofd 3emnuwiata Ha [lMpucag,
(06n. byprac), CeuneHrpag, (06s1. XackoBo),
BuHnua (06n. TMMnosame), KouoBo (0611.
LLymeH), Manay3oso n Amo6on (0671. AM60/1)
(Georgieva et al., 2007).

and how they affect the galantamine
contents in plants. However, different
bacterial phytopathogens have been
described on bulbous plants from other
families, many of which are new species
or species with new unique properties of
antagonists and bioremediation agents
(Bradbury, 1986; Schaad, 2001).

In previous studies (Stoyanova et
al., 2012), symptoms of bacterial decay in
plants from the region of Tutrakan (near
the Danube River, Silistra region) it was
found. A total of 10 bacterial isolates were
separated from their bulbs. Their
pathogenicity was confirmed by artificial
inoculation on scales of the summer
snowflake and other hosts (onion,
hyacinth, tulip, and narcissus). Some of
the isolates were identified by sequence

analysis of the 16S rRNA gene.
Sequencing results showed matches for
Serratia  plymuthica 97-98%  (three

isolates), Rahnella aquatilis 95% (one
isolate), Bacillus subtilis 96% (1 isolate),
Stenotrophomonas maltophilia 98% (1
isolate).

The purpose of this study was to
determine the pathogenicity of the new
isolates on bulbs of Leucojum aestivum
from different Bulgarian populations.
Because of protected status of summer
snowflake (Gussev et al., 2007) the
artificial inoculations were performed on
bulbils propagated in vitro which reduces
the risk that the resulting symptoms were
due to a secondary infection.

MATERIAL AND METHODS

Plant material: In vitro bulbs (first
leaf phase), cut in halves were used for
artificial inoculation. They were propagated
and maintained according to Georgieva et
al.,, (2010). Six clones were selected,
originating from the territories of Prisad
(Burgas region), Svilengrad (Haskovo reg.),
Vinica (Plovdiv reg.), Kochovo (Shumen
reg.), Palauzovo and Yambol (Yambol
region) (Georgieva et al., 2007).
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BakTtepuanHn mnsonatu: baktepuan-
HUTE n3os1aTu ca nogabpXaHu Ha cpegu
LB (Bertani, 1951) u KB (King's medium
B) (King, 1954) n ca onucaHn nogpo6Ho
oT Stoyanova et al. (2012).

CenektupaHu ca 4 6GakTepuanHu
usonara, 4yMuTo BUL € OnpefeneH upes
CEeKBEHLMOHEH aHa/n3 Ha reHa 3a 16S PHK:
M3onat 1 - Serratia plymuthica (Genbank
No. JF896806), WM3onatr 3 - Serratia
plymuthica (JF896808), N3onat 5 - Rahnella
aquatilis (JN400360), MN3onat 6 - Bacillus
subtilis (JN400359).

MpunoxeH e MeTofd 3a U3KYCTBEHO
3apassiBaHe, KOWTO e CbobpaseH n aganTu-
paH KbM LenuTe Ha uscnegsaHeTo. M3non-
3BaHW ca He OTAEe/IHW NICMK, a NIYKOBUYKN
Hapsi3aHUW HaA/TbXHO Ha NOJIOBUHKU 3a Aa
MOXe [fAa ce Habnwgasa MHAEKLMO3HOCTTa
Ha 6akTepuuTe BbPXY BCSKa 4YacT OT NyKO-
BULMTE 1 BCEKM MOMEHT OT MHOKY/IMPaHETO.
EAHOBpPEMEHHO C TOBa eKChjiaHTuTe npute-
XaBaT cpaBHWTEeNHa UAMOCT (pasnonarar ¢
BCMYKM 4YaCTW Ha NyKoBMYKaTa (BbTPELUHMU,
BBHLLUHW JIIOCNU, AbHLE, JIACT).

3a BCeKM BapuaHT ca M3nos3BaHu no
12 NOMIOBUHKM OT JNIYKOBUYKM (HAOBXHO
cpsisaHu). HapszaHuTe MNOSIOBUHKM ca Mo-
CTaBeHW B CTepusIHM neTputa ¢ unTbpHa
XapTusa, HanoeHa ¢ MS  makpoconu
(Murashige and Skoog, 1962). JlykoBuukute
ca MHokynmpaHu ¢ no 10-20 pl 6aktepuanHa
CyCMeH3ns 4pe3 HakaneaHe. 3a BCEKM in
Vitro K/MIOH 6naTtHO KoKMYye e 3asioxeHa
KOHTpO/Ma OT CbLUMS KIOH, MHOKY/NMpaHa c
BOZA MO CbLUUSA METOA.

KyntnsupaHe Ha 3apaseHuTe
eKCnaaHTn: BapuaHTuTe OT WU3KyCTBEHUTE
3apassiBaHuMs  (pacTeHue-b6akTepusi)  ca
noAabpXaHn B KyTTUBALMOHHO NOMeLLeHne
3a 9 pgHm (Georgieva et al. 2010).
Pa3BnTMeTo Ha WHMEKUMo3HUA npouec e
OTYMTaHO Ha Bcekn 3 gHu (3, 6 n 9-Tn aeH
cnep 3apassiBaHeTo).

Cratuctuyecku aHanus: Pesyntatute
ca aHa/m3npaHy c nomoLyta Ha codTyep
Microsoft Excel 2013.

PE3YJITATU N OBCBXXOJAHE
KOHTpO/IHMUTE NYKOBMYKM 3anasmxa

BUAA CU B TMPOABLI/DKEHME Ha Uuenus
nepuvog Ha adanms. [lopagn MHoro

Bacterial strains: Bacterial isolates
were maintained on both media - LB
(Bertani, 1951) and KB (King's medium B)
(King, 1954) and were described in details
by Stoyanova et al. (2012).

Four bacterial isolates were selected
and identified by sequence analysis of the
16S RNA gene: Isolate 1 - Serratia
plymuthica (Genbank No. JF896806),
Isolate 3 - Serratia plymuthica (JF896808),
Isolate 5 - Rahnella aquatilis (JN400360),
Isolate 6 - Bacillus subtilis (JN400359).

The applied method of inoculation
has been suited and adapted to the
purpose of the study. We have not used
separate scales but bulbils that were cut
longitudinally in halves in order for us to
be able to monitor the infectivity of
bacteria on any part of the bulb at any
point of inoculation. At the same time
explants possess relative integrity (with all
parts of the bulbs (internal, external
scales, basal steam, leaf).

For each variant 12 halves of the
bulbs (longitudinal cut) were used. The
halves were placed in Petri dishes with
sterile filter paper soaked in MS
macroelements (Murashige and Skoog,
1962) . Bacterial suspension was added to
each half at an amount 10-20 pl. Sterile
water instead of bacterial suspension was
added to the control bulbs. For every
inoculated clone in vitro bulb controls of
the same clone were used.

Cultivation of the infected explants:
The variants of the artificial infection
(plant-bacterium) were maintained in a
cultivation room 9 days (Georgieva et al.,
2010). The development of the infectious
process was recorded every 3 days (on
the 3, 6™ and 9" day after inoculation).

Statistical analyses: The results were
analyzed with the commercial spreadsheet
application Microsoft Excel 2013.

RESULTS AND DISCUSSION
The control bulbs kept their
appearance for the entire period of the
study. Because of the very similar
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CXOOHUS BBbHLUEH BWA Ha KOHTposuTe e | appearance of controls, only the one of

nokasaHa camo Tasu ¢ npousxog BuHuua
kato npumep (durypa 1).

K/3

Vinica origin is shown as an example
(Figure 1).

dur. 1. KOHTpoM - in vitro NyKOBMYKM € Nnponsxoq BuHuua Ha 3-Tn, 6-T1 1 9-Tn

AeH (0T 1I9BO HAASACHO)

Fig. 1. Controls - in vitro bulbs originating from Vinica on days 3", 6™ and 9™

(from left to right)

3apassBaHusa ¢ Msonat 1 - Serratia
plymuthica

Mpn nHOKyNMpaHe ¢ GakTepuanHus
M3onat 1 Ha in vitro SIyKOBUYKKM, NOSYYEHU
OT pas/iMyHM nonynauun, 3acerHature
TbKaHM Ha NIYKOBUYKUTE MMAT Kpemas LBAT
N BOAHWCTA KOHCUCTEHUMSA. Te nocTeneHHo
NOTbMHABAT A0 TbMHOKa(ABO U B Nocnes-
CTBME M3CcbxBart. Hail-uecTo ce 3acsara Haii-
BbTPELUHUSI cnoii. MbpBUTE CUMNTOMU Cce
nosisABaTt cnef 3-TMs OeH OT 3apasssa-
HEeTO, HO He Mpu BCUYKW ekcnnaHtu. o 9-
MA  OeH OT WHOKY/IMPaHEeTO CUMNTOMM
nposiBuxa u4etvpu npousxopa - [llpucapg,
BuHnua, Csunenrpag u Koyoso, a npu
Manay3oBo M AAM60ON HAMalle nposiea Ha
cumnTommn (Purypa 2). To3m nsonar 3acara
nNpueaM3NTENHO 1/5 0T BCUYKU eKCMNaHTU.

Inoculation with Isolate 1 - Serratia
plymuthica

The inoculation with the bacterial
Isolate 1 of in vitro bulbs, obtained from
different populations caused creamy color
and a watery consistency of the affected
bulb tissue. Their color gradually changes
to dark brown and they subsequently
wither. The inner layers were affected
primarily. The first symptoms were
appeared after the 3™ day of infection, but
not with all explants. By the 9" day of
inoculation symptoms were observed on
bulbs from four origins - Prisad, Vinica,
Svilengrad and Kochovo, whereas the bulbs
from Palauzovo and Yambol had no

symptoms (Figure 2). This isolate affected
approximately 1/5 of all explants.

dur. 2. CUMNTOMU NPU U3KYCTBEHO 3apa3eHn JIyKoBUYKM ¢ M3onaT 1 Ha 9-Tn aeH
cnep 3apassBaHeTo oT MNMpucag, BuHuua, KouoBo (0T 19BO HaAsICHO)

Fig. 2. Symptoms of bulbs inoculated with Isolate 1 on the 9™ day after the
infestation by Prisad, Vinica, Kochovo (from left to right)
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dur. 3. CUMNTOMM Ha eKCnaHTU, UHOKYMpaHu ¢ N3onat 3 npocniefeHn Ha 3-Tu,
6-T 1 9-Tn geH

Fig. 3. Symptoms of bulbs inoculated with Isolate 3 on days 3", 6™ and 9"
Nerenpa: Mp — Mpucag, Cs — CBunexrpag, BH — BuHuua, Mn — Manay3oso, Am — Ambon
Legend: IMp — Prisad, CB — Svilengrad, BH — Vinica, Nn — Palauzovo, fim — Yambol




3apassBaHua ¢ M3onar 3 - Serratia
plymuthica

Mpn wHoKynupaHe c wu3onart 3 ce
Habnwogasar CU/HO M3Pa3eHn CUMMNTOMU
BbpPXy pacTUTE/IHUTE TbKaHW, KOWUTO Cce
nosiBABAT OLLEe Ha BTOPUA OEH Clef MHOKY-
nvpaHeTo. MNbpBOHAYa/IHO NaTOreHbLT 3acs-
ra cbpueBMHata Ha JIyKOBWYKaTta, Mnocre-
NeHHo uHdekumATa 3acara nepudpepHuTe
nocnu U go 9-TusA OeH NMoYTU BCUYKK eKc-
nnaHTy 3armeaTt. LIBeTbT Ha 3acerHarute
TbKaHM € TbMHO-CMBKaB. V3nbuBaT cuiHa,
HenpuAaTHa Mupuama. Wsonat 3 (Serratia
plymutica) 3acsra cpegHo Hag 75% ot
WHOKyNMpaHuTe JTyKOBUYKW. Bbnpekn ToBa
ce Habnwogasar pas/iMuust B CUMNTOMATO-
norvATa Npu pasauuHuTe reHotTunu. Haii-
cnaba e peakuusiTa Ha JIYKOBUYKM OT
Am60n1 1 Ko4yoBO, MpU KOUTO TbKaHUTe
nsrnexapar TbMHU U cyxu (okono 50 %),
ExkcnnaHtuTe ot Mpucag v CeuneHrpas ce
3acaratr 100% wn npu TAX ce nposissiBa
MOKpPO rHueHe. [lpn ocTaHasimTe Tpu
reHoTvna (BuHuua, Manay3oso u Mpucan)
ouenaxa no-Masiko ot 25% (Purypa 3, 6).

3apassBaHe ¢ M3onart 5- Rahnella
aquatilis

Mpu 3apasasaHe c M3onat 5 cum-
NTOMU ce nossart Ha 5-6-Tm AeH cnef NHo-
KynupaHeTo. 3acsraT ce [MaBHO BbTPeLUHN-
Te M HAKOM nepudiepHn silocnu, a netHara
ca TbMHM M 3acbxBawy. TakaBa peakuus
ce Habnopasa B NykoBuykn oT [Mpucag,
CsuneHrpag, Bununua n Kovoso, a npu tesun
oT Manay3oBo 1 AM60N He ce Habnwgasa-
xa cumnrtomu (Purypa 4, 6). CpegHo 14 % ot
eKcniaHTUTe OT BCEKM K/IOH BGsixa 3acerHatu.

- -

Inoculation with Isolate 3 -
Serratia plymuthica

Inoculation with isolate 3 was
caused strongly expressed symptoms on
plant tissues that appeared on the
second day after inoculation. Initially, the
pathogen affects the pith of the bulb,
gradually the infection affects the
peripheral scales, and by the 9" day,
almost all the explants died. The color of
the affected tissues was dark-gray. They
emit a strong, unpleasant smell. Isolate 3
(Serratia plymutica) affects on average
more than 75% of inoculated bulbs.
However, there were differences in
symptomatology in different genotypes.
The weakest is the reaction of bulbs from
Yambol and Kochovo, where the tissues
look dark and dry (about 50%), Explants
from Prisad and Svilengrad were affected
100% and they show wet decay. The
remaining three genotypes (Vinica,
Palauzovo and Prisad) survived less than
25% (Figures 3, 6).

Inoculation
Rahnella aquatilis

5-6 days after inoculation with Isolate
5, symptoms was occurred. It affected
mainly the inner and some peripheral
scales, and the spots were dark and dry.
Such a reaction was observed in bulbs from
Prisad, Svilengrad, Vinica and Kochovo, but
in those from Palauzovo and Yambol no
symptoms were observed (Figures 4, 6). An
average of 14% of the explants from each
clone were affected.

with Isolate 5-

dur. 4. CuMNTOMN NPU U3KYCTBEHO 3apaseHun JIYKOBUYKU € M3onat 5 Ha 9-Tn aeH
cnep 3apassaBaHeTo oT CBuUneHrpag, BuHnua n Manay3oBo (0T 1S9BO HAASCHO)
Fig. 4. Symptoms of bulbs inoculated with Isolate 5 on the 9" day after infection
from Svilengrad, Vinica and Palauzovo (from left to right)
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3apassBaHe ¢ MN3onaT 6 - Bacillus
subtilis

M3onat 6 cblo 3acAra 4acTUYHO
WMH(EKTUPAHUTE C Hero JIyKoBUYKW. MHOro
eKCnMaHT ocTaHaxa He3acerHaTtu, a npu
ocTaHanuTe nospeguTe 6sxa rnaBHO nepu-
hepHU 1 MHOTO TbMHU Ha UBAT. N3onaT 6 e
eqVH OT Hai-cnabo naToreHHWTe usonatu
BK/IHOYEHW B HaWeTo nscneasaHe. MNpu ekc-
nnaHTute ot Mpucag, Manay3oso n Am601
He ca HabngasaHn CUMNTOMU Cef, U3Kyc-
TBEHOTO 3apassiBaHe. MHoOro cnaba pe-
akumsa (nog 10%) nposiBaABawa ce Ha 9-us
[eH OT WHOKy/mpaHeTo (NOTbMHsIBaHe
BbTpelHaTta 4acT) € OoT4yeTeHa npu
NIYKOBMYKUTE € npom3xos BuHuua, Kouoso u
Csunenrpag (Purypa 5, 6).

Inoculation with Isolate 6 -
Bacillus subtilis

Isolate 6 also affects partially
infected bulbs. Many explants were
unaffected, and in others damage was
mainly peripheral and with very dark
color. Isolate 6 was one of the least
pathogenic isolates included in our study.
In explants from Prisad, Palauzovo and
Yambol no symptoms were observed
after the artificial inoculation. A very weak
reaction (less than 10%) occurring on the
o day of inoculation (darkening of the
inner part) was recorded in the bulbs
originating in Vinica, Kochovo and
Svilengrad (Figures 5, 6).

Cafa

L/

dur. 5. CumnToMU NpU U3KYCTBEHO 3apa3eHn JIlyKOBUYKM ¢ M3onaT 6 Ha 9-Tn aeH
cnep 3apassiBaHeTo oT CBuieHrpag, BuHuua n KoyoBo (0T N15BO HaASACHO)

Fig. 5. Symptoms of bulbs inoculated with Isolate 6 on the 9™ day after the
infection from Svilengrad, Vinica and Kochovo (from left to right)

Mpu cpaBHsABaHe Ha 6pos 3apase-
HW ekcnnaHTu W3onatr 3 ce oTKposiBa
3HaUUTEIHO Ha oHa Ha ocTaHauTe
TecTBaHU usonatn (gur. 6). To3n wWam
3acsra BCWYKM U3KYCTBEHO 3apaseHu
ekcnnaHTy ot lMpucag v Ceunedrpag, no-
ronsiMarta 4acT OT ekcnjaHtTuTe oT Manay-
30BO M BuHMUA M nonoBrHaTa oT KOYOBO 1
Am60n. ChbLUEBPEMEHHO TOBA € eANHCTBE-
HUSIT WaM, KOWTO nopassisa SIyKOBUUKMUTE OT
Am6on n Manaysoso (Purypa 6). O6WMAT
MPOLEHT 3acerHaTy TbkaHu Ha 9-TuA feH e
Hag 80% (Purypa 7).

Hair-cna6o naTtoreHeH e M3onar 6,
KOWTO 3apassiBa CpaBHUTEIHO MaJsTbK
MPOLEHT eKCniaHTu OT TpU Haxoauia, a
MPOLEHTLT 3acerHatu TbKaHW € CbC
cpefHa cToliHoCT eaBa 5% (durypa 6, 7).

When comparing the number of
infected explants, Isolate 3 stands out
significantly against the background of
the other isolates tested (Figure 6). This
isolate affects all artificially infected
explants from Prisad and Svilengrad,
most of the explants from Palauzovo and
Vinica and half of Kochovo and Yambol.
At the same time this was the only isolate
that was struggled the bulbs from Yambol
and Palauzovo (Figure 6). The total
percentage of affected tissues on the o
day is over 80% (Figure 7).

The least pathogenic is Isolate 6,
which infects a relatively small percentage
of explants from three origins and the
percentage of affected tissues is only 5%
on average (Figures 6, 7).
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Fig. 6. Summer snowflake explants symptoms of bacteriosis (in% of the total
number of inoculated explants from each clone)
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Fig. 7. Affected explant tissues (% of total inoculated explants)

M3onatn 1 n 5 3acarat cpaBHUTe -
HO 6AM3bK OPOA NYKOBUYKM C U3K/HO-
yeHune Ha Tes3u ot lMpucag (Purypa 6), HO
CTeneHTa Ha HanajeHve Ha oTAesiHuTe
eKcnnaHTn e pasnuyHa (cboTBeTHO 30%
n 10%) (Purypa 7).

Cnpsamo BUPY/IEHTHOCTTa "
arpecmBHoOCTTa cu nsonatunte ce
nogpexgaar B pega: Msonar 3 >>> N3onar
1 > N3onat 5 > N3onat 6 , B KOTO V3onat
1 un3sBABa Te3n CBOWCTBA B Hali-BUCOKA
cTeneH, a M3onat 6 — B Hali-HuCKa.

cnopefi CEeKBEHUMOHHWA  aHasn3
M3onatr 1 n MN3onat 3 ca OT eAvH U Cbly,
Buz (Serratia plymutica), HO ce xapaktepu-
3upaT C pasnMyHa BUPY/IEHTHOCT U CTeneH
Ha HanaZeHve BbpXy roCToNpUeEMHMKa.

Isolates 1 and 5 relate to a
relatively close number of bulbs, except
those of Prisad (Figure 6), but the degree
of invasion of individual explants was
different (30% and 10%, respectively)
(Figure 7).

About their virulence and
aggression, the isolates were arranged in
the order: Isolate 3 >>> Isolate 1> Isolate
5 > Isolate 6, In which Isolate 1 exhibits
these properties to the highest degree,
and Isolate 6 at the lowest.

According to sequencing analysis,
Isolate 1 and Isolate 3 were of the same
species (Serratia plymutica), but they had
different virulence and host attack rate.
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MpoBeAEHOTO U3KYCTBEHO WHOKYU-
paHe Ha in vitro JIyKOBUYKU C pas/iIyeH npo-
n3xop, Aasa MHgopmaums 3a yCcTolumBoCT-
Ta Ha BCEKM eAMH reHOTUN KbM TecTBaHWUTe
nartoreHn. [leHotunute o1 HAmb6on n
Manay3oBo ce okasaxa yCTOWUYMBY KbM 3 OT
06110 4 wama naToreHu, kato reHoTUNbT OT
AM6GON ce xapakTepusupa U C Hal-HUCKUS
OTYeTEeH MPOLEHT 3acerHaTn slyKoBUYKW OT
Han-BUPYNEHTHMSA b6akTepuasnieH am
(Purypa 6). Halii-ronam 6poii ekcnaaHTu
CbC CUMNTOMU Ha GakTepuosa ce Habso-
JaBaxa npu KIOHOBETE C  NpPOU3Xop,
Ceunexrpag, MNMpucag n Bununua (Purypa 8),
BbMPEKN Ye eKCnAaHTUTe C MpoM3Xos,
Mpucag He ce 3apasvxa C Haii-crnabo
BUPYNEHTHUA wam (Purypa 6).

The artificial inoculation of in vitro
bulbs of different origins gives information
on the stability of each genotype to the
pathogens tested. The genotypes from
Yambol and Palauzovo proved to be
resistant to 3 of the 4 strains of
pathogens and the genotype of Yambol
was characterized by the lowest
percentage of affected bulbs from the
most virulent bacterial strain (Figure 6).
The largest number of explants with
symptoms of bacteriosis were observed
in the clones originating from Svilengrad,
Prisad and Vinnitsa (Figure 8), although
Prisad origin explants did not infect the
least virulent strain (Figure 6).

1

Affected explants (total)

Prisad Svilengrad

20

| I I

10
| I I I
0

Kochovo

Yambol Palauzovo Vinica

dur. 8. 3acerHat ekcnsiaHTM OT 6/71aTHO KOKM4e (061, 6poii 3a BCEKM KITOH)
Fig. 8. Affected explants from summer snowflake (total for each genotype)

ExkcnnaHtute ¢ npousxon Kouyoso
npeacTasnsBaT ocobeH cnyyaid, B cpaBHe-
HWe c ocTaHasmTe reHotunu. NMopgobHo Ha
K/foHa ¢ npousxod Am60n, 6posT 3apaseHu
C Hali-BMPYNEHTHMA WaM SIyKOBUYKN € Hali-
HUCBK - 50%. CblieBpeMeHHO TO3W TeHo-
TUN Ce OKasa 4YyBCTBUTESIEH KbM BCUYKU
TecTBaHW GaKkTepvasiHi LWamoBe U NPOoLeH-
TbT 3apa3eHn C Hali-cnabo BUPYNEHTHUA
LLaM STYKOBUYKW € Hali-BUCOK - 17%.

N3BOAV

MNpoBefeHOTO n3cnefBaHe Ha peak-
umusTa Ha in vitro IyKOBUYKM OT 6/1aTHO KOKK-
ye C pasfMueH npomusxom, CApsMOo 4YeTmpwu
6akTepvasiHM n3o0saTa HU JaBa OCHOBaHUe
[Ja TBbpAYM, Ye nposiBata Ha BUPYEHTHOCT

Explains of Kochovo were a
special case compared to other
genotypes. Like the Yambol clone, the
number of infected bulbs with the most
virulent strain was the lowest - 50%. At
the same time, this genotype was
susceptible to all bacterial strains tested
and the percentage infected with the least
virulent bulb strain was highest - 17%.

CONCLUSIONS

This study of the in vitro response of
in vitro bulbs of summer snowflake of
different origins to four bacterial isolates
gives us reason to assert that the virulence
of the pathogen is dependent on the
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Ha naToreHa e B 3aBWCUMOCT OT reHoTuna
Ha pacTeHusiTa. Cnopef nosyyeHuTe pesys-
TaTu, KOHOBETE ¢ npousxog CBUMeHrpag u
BuHMUA ca Hali-uyBCTBUTE/IHU KbM M3NWTa-
HUTE GaKkTepuasiHW M30/1aTh, [0KaTO KJIOH

genotype of the plants. According to the
results obtained, the clones originating in
Svilengrad and Vinica were the most
sensitive to the tested bacterial isolates,
while the Yambol branch stands out as the

most sustainable. Prison Branch was also
among the sensitive genotypes, but three of
the four tested bacterial strains.

Amb60N ce O0TKposiBa KaTO Hai-yCTOMUMB.
KnoH Mpucag, coulo e cpef 4yBCTBUTENHUTE
reHOTUNW, HO KbM TPU OT U3NUTaHUTE
yeTupun 6akTepuaHu Wwama.
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Effect of some soil herbicides on growth of the vegetative
pear rootstock OHF-333
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PE3OME

M3cnegBaHuaTa ce nposefoxa B
nepuoga 2014-2015 r. B WHcTutyTa no
oBolapcteo - lnosaue. lNpoyvyeHo 6e
BNMSAAHWETO Ha xepbuumnante LeBpuHon 4
®, Ctomn 33 EK, loan 4 ®, MeTodeH,
Mnepox 50 Bl 1 boHanunH, BbpXY pactexa
Ha WH BUTPO PasMHOXEHW U BKOPEHEHWU
pacTeHuss OT BereTaTMBHaTa MNOA0XKA
OHF-333 B ycnoBuMs Ha CbAoOB ONUT.
[o3aTta Ha xepbuumanTte 6e npeunsuuncne-
Ha CMpsAMO NoLTa Ha KynTuBaLMOHHUSA
cva. [Mpeau TpeTupaHeTo ce wusMepwu
BYCOYMHATA Ha W3XOAHUTE pacTeHus B
OoTAesiHMTe BapuaHTU. ONUTBLT Ce 3a10Xn
no crtaHfapTHU mMeToan B 3 NOBTOPEHUS.
Cnep TpeTupaHeTo C xepbuuuante pac-
TeHuATa ce oTrnexaaxa B NpoAb/iKeHne
Ha 180 AHVM B CTOMaHEHO-CTbK/IeHa OpaH-
Xepusa. lpe3 TO3M nepuon ce WU3BLP-
WwBaxa Bu3yanHW HabnlofeHVs 3a nosisa
Ha BBHLUHW CUMNTOMWM Ha (OUTOTOKCUY-
HoCT. Ha 180-Tusi geH ce otyeTe GuomeT-
PUYHMAT Nokasaten npupact (cm).

Pesyntatute nokassat, 4ye TpeTu-
paHeTo C NoYBeHUTe Xepbumuunan, BroYe-
HW B MPOYYBAHETO He NpeAn3BMKBa BbHLL-
HW nNpuU3HaLM Ha TOKCMYHOCT nNpU WH
BUTPO PasMHOXEHW W BKOPEHEHW pacTe-

SUMMARY

Studies were carried out in the
period 2014-2015 at the Fruit-Growing
Institute — Plovdiv. The effect of the
herbicides Devrinol 4F, Stomp 33 EC,
Goal 4 F, Metofen, Pledge 50 WP and
Bonalin on the growth habits of in vitro
propagated and rooted plants of the
vegetative pear rootstock OHF-333 was
studied under the conditions of a pot
experiment. The herbicide rate was
recalculated according to the surface area
of the cultivation container. The height of
the source plants in the separate variants
was measured before treatment. The
experiment was set by standard methods
in 3 replications. After treatment with
herbicides, the plants were grown in a
glass-house for 180 days. Visual
observations for incidence of external
symptoms of phytotoxicity were made.
The biometric characteristic stem height
increment (cm) was reported on 180"
day.

The results showed that treatment
with the soil herbicides, included in the
study, did not cause the incidence of
external symptoms of phytotoxicity in in
vitro propagated and rooted plants of
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HuA oT OHF-333. PacTeHuaTa OT BapuaH-
TUTe TpeTupaHu C Hanponamuz, neHau-
MeTasIMH, okcudpnyopodieH, haymmokca-
3MH 1 6eHcAypaIMH umaT npupacTt, no-
ronsM OT TO3M Ha HeTpeTupaHarta
KOHTpona. ToBa fJaBa OCHOBaHWe pga ce
npveme, 4Ye Te3N akTMBHW BeLlecTBa B
NPWIOXKEHNTE J03U HE OKa3BaT NOATUCKA-
Lo JeiicTBME BbpXy pacTexa Ha pacTe-
HuUsTa. Hail-ronsm npupact ce otunTa npu
pacteHusaTa TpeTupaHu C neHAUMETaIUH.
Hai-Huckn ca OT4yeTeHuTe CTOMHOCTM 3a
nokasatens npupacT cnef TpeTupaHe c
MeTodheH, KOeTO nokasBa WHXMBUpaLLo
BIMSTHME Ha TO3U Xepouuns Bbpxy pacrexa.
KnrouoBu AyMN: OHF-333,
xepouumnan, PUTOTOKCUYHOCT, NpUpacT

YBO/,

BopbaTta c nneBefnHaTta pacTutesn-
HOCT B OBOLLHUTE pascajHWUM € OCHOBEH
arpoTexHuyecku npobaem, KOMTo Ao ronsma
CTeneH onpeaens nosly4aBaHeTo Ha Kayec-
TBEH nocagbyeH matepuan. Ha cbBpemeH-
HMS eTan B OBOWHWTE pascagHuuM 3a
6opba c nnesenute ce npunarat OCHOBHO
Xepouuuam ot rpynata Ha CenekTUBHUTE
6anypuumnamn, Konto edoMKacHo KOHTponaupar
€0HOTOAULIHUTE W MHOFOTOAULLHN XUTHU
BMAOBE — BeTPyLlKa, /Mcuya onailka,
efHoroaulHa MeTauua, 6anyp, TPOCKOT,
nupein n ap. 3a 6opba C LWMPOKOSIUCTHUTE
BMAOBE M/IeBENIM € HeobxoAMMo fa ce
npunarart cenekTMBHN NOYBEHW Xepouumam,
KOUTO OKa3BaT pPas/IMYHO BJIMSIHUE BBLPXY
pa3BUTMETO Ha pacTeHunaTa. MoanoxkmTe 3a
OBOLLUHMTE BUAOBE UMAT pa3/IM4yHO nosepe-
HVWe cnep TpeTupaHe € xepbuuuau, KoeTo
ce nposiBsiBa KakTo C MosiBa Ha BU3yasHU
CUMMNTOMM Ha PUTOTOCKUYHOCT OT XepouLm-
OnTe, Taka U C Bb3MOXHW CMYLLEHUS] B
pactexa. B nuTepatypata cCbluecTByBat
[JaHHWN 3a pas3/IMYHO BAVSIHWME Ha Xepbuumuau
BbpXY pacTeXHWTe nposiBu Ha OBOLLHU
BMAOBE, M3MOM3BaHM  KaTO  MOAJIOKKU
(Rankova, 2007; Hanson and Schneider,
2008; Rankova, 2011; Rankova et al., 2012;
Thakur et al., 2012; Rankova and Tityanov,
2013; Rankova and Zhivondov, 2013; Abit
and Hanson, 2013; Rankova and lvanova,
2016).

OHF-333. The plants of the variants
treated with napropamide, pendimethalin,
oxyfluorfen, flumioxazine and benfluralin
showed a larger stem height increment
compared to the untreated control.

This gives reason to assume that these
active substances in the administered
doses do not exert a suppressive effect
on plant growth. The largest growth was
recorded in plants treated with
pendimethalin. The lowest values on
growth were reported after treatment with
Metofen, which shows the inhibitory effect
of the herbicide on plant growth.

Key words: OHF-333, herbicides,
phytotoxicity, stem height increment.

INTRODUCTION

Control of weed vegetation is a
major agrotechnical problem in fruit tree
nurseries, determining to a great degree
the production of good quality planting
material. Nowadays weed control in fruit
nurseries is realized by applying mainly
herbicides of the group of the selective
herbicides having an effect against
Johnson grass species, which exert an
efficient control on annual and perennial
grass species, such as loose silky-bent,
blackgrass, annual meadow grass,
Johnson grass, Bermuda grass, coach
grass, etc. Selective soil herbicides, which
have different effects on plant
development, should be applied for the
control of broad-leaf weed species. Fruit
species  rootstocks show  different
responses to herbicide treatment,
expressed in incidence of visual
symptoms of phytotoxicity caused by the
herbicides, as well as possible growth
suppression. In literature there are data
about different effects of herbicides on
growth habits of the fruit species, used as
rootstocks (Rankova, 2007; Hanson and
Schneider, 2008; Rankova, 2011;
Rankova et al., 2012; Thakur et al., 2012;
Rankova and Tityanov, 2013; Rankova
and Zhivondov, 2013; Abit and Hanson,
2013; Rankova and lvanova, 2016).
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KpywosaTta nognoxka OHF 333
(Old home x Farmingdale) e TbpceHa npu
NPOW3BOACTBOTO HAa KPYLIOB nocagbyeH
MaTepuan, nopagan peavua  HeiHu
npegumctea. T e ycToiumBa Ha OrHeH
npurop (Erwinia amylovora), Hematoau u
Phytophtora Cactorum. Moaxoaswa e 3a
oTrnexgaHe npu cyxu u BapoBUTU MOYBY,
MmMa OT/IMYHA CbBMECTUMOCT C KpPYLUOBU-
Te copToBe npu npucaxpaHe. Hali-0o6-
PUST HauMH 3a YCKOPEHO MNPOU3BOACTBO
Ha Tasn NoAsoxkKa e pasMHOXaBaHeTo in
vitro. (Kornova and Popov, 2014).

[aHHnTe 3a edoekta OT npunaraHe
Ha Xxepbuuuau npu BereTaTMBHaTa Kpy-
wosa nognoxka OHF 333 ca orpaHunyeHu
(Urbina et al., 2003).

Llenta Ha HacTOALLOTO uscnensaHe
6e B ycnoBuMs Ha CbAoOB ONuT ga ce
npocnean BAVSHUETO Ha HSAKOW MOYBEHM
N NINCTHM Xepbuuman BbPXY pacTexHute
NposiIBU Ha WH BUTPO PasMHOXEHU W
BKOPEHEHWN pacTeHMs OT BeretaTuBHarta
nognoxka OHF-333.

MATEPWNAN N METO4WA

M3cneasaHuAaTa Cce nposBefoxa B
nepuoga 2014-2015 r. B WHcTUTyTa no
osowapctso - [nosave. T[lpoyyeHo 6e
B/IMSIHUETO Ha Xepbuuuamute Hanponamug,
(despuHon 4 ®), neHgnmetanuH (Ctomn 33
EK), okcucbnyopopeH (foan 4 @),
MeTonaxsop+okcudpnyopodeH (MeTtodoeH),
donymnokcasnH  (Mnegxk 50 BM) n
6eHpnypannH (BoHaNUH) BBbPXY pactexa
Ha WH BUTPO pPa3MHOXEHW U BKOPEHEHU
pacTeHMss OT BereTatuBHata NoOAJ10XKa
OHF-333 B ycnoBuMs Ha CbAOB OMNUT.
MMKpPOPa3MHOXEHN N BKOPEHEHW pacTeHus
OT BereTaTmsHara kpyLuosa noanoxka OHF-
333 6sxa 3acafgeHn B CcbAoBe ¢ TopdeHo-
nepsmMtHa cmMec C Bmectumoct 2 L.
HenocpeacteseHo crief  3acaxjaHeTo ce
N3BbPLLUM TPETUPAHETO C Xepobuumnaure.

3anoxuxa ce cnegHuTe BapnaHTu:
1. kOoHTpoNa (HeTpeTpaHa)
2. Hanponamug — fAespuHon 4 @ — 400
ml/da
3. neHgumeTtanuH — Ctomn 33 EK — 400
ml/da
4. okeudpnyopodpeH — MNoan 4 ¢ — 250 ml/da

There is a demand for the pear
rootstock OHF 333 (‘Old Home’' x
‘Farmingdale’) in the production of pear
planting material because of the many
advantages. It is resistant to Fire blight
(Erwinia amylovora), nematodes and
Phytophthora Cactorum. It is suitable to
be grown in dry and calcareous soils; it
shows an excellent compatibility with the
pear cultivars for grafting. The best way
for mass production of that rootstock is
offered by in vitro propagation (Kornova
and Popov, 2014).

The information about the effect of
herbicide applications on the vegetative
pear rootstock OHF 333 is limited in
literature (Urbina et al., 2003).

The aim of the present study was to
follow out the effect of some soil and leaf
herbicides on the growth habits of in vitro
propagated and rooted plants of the
vegetative rootstock OHF-333 under the
conditions of a pot experiment.

MATERIAL AND METHODS

Studies were carried out in the
period 2014-2015 at the Fruit-Growing
Institute — Plovdiv. The effect of the
herbicides napropamide (Devrinol 4F),
pendimethalin (Stomp 33 EC), oxyfluorfen
(Goal 4 F), metolachlor + oxyfluorfen
(Metofen), flumioxazine (Pledge 50 WP)
and benfluralin (Bonalin ) on the growth
habits of in vitro propagated and rooted
plants of the vegetative pear rootstock
OHF-333 was studied under the
conditions of a pot experiment.
Micropropagated and rooted plants of the
vegetative pear rootstock OHF-333 were
planted in a peat-and-perlite mixture in
pots of 2 L volume. Treatment with
herbicides was applied immediately after
planting.

The following variants were set:
1. Control (untreated)
2. Napropamide — Devrinol 4 F — 400
ml/da
3. Pendimethalin — Stomp 33 EC — 400
ml/da
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5. okcucpnyopocheH + meTonaxaop —
MeTogheH — 160 ml/da
6. thnymmokcasuH — Mnegx 50 BM — 8
g/da
7. 6eHcbnypanuH — boHannH — 300 mi/da
[osata Ha xepbuumgute 6€ npeus-
yucneHa COpPsAMO MowTa Ha KynTuBa-
UMOHHUS cba. [pegu TpeTupaHeTo ce
U3Mepu BMUCOUMHATA Ha M3XOAHUTE pacTe-
HUS B OTAE/HUTE BapuaHTu. OnuTbT ce
3101 No cTaHjaptHM wMetogm B 3
nosTopeHust. Cnep TpeTupaHe pacTeHusiTa
ce oTrniexjaxa B npoab/ikeHve Ha 180 aHu
B CTOMaHEHO-CTbKMeHa opaHxepus. [pes
TO3M nepuoj ce K3BbpLIBaxa BU3yasHU
HabNoAeHNs 3a NosiBa Ha BbHLUHU CUMMTO-
MW Ha (OUTOTOKCMYHOCT OT Xxepbuumaute.
Ha 180-Tma pgeH 6elwe oTyeTeH 6GUOMET-
pUYHUAT nokasaTten npupact (cm). Mony-
yeHmTe pesyntatm 6sixa obpaboTeHn Mo
CTaHAapTHW MeToAu Ha  AUCNEePCUOHHWSA
aHanus.

PE3YJITATU N OBCBXXOAHE
Mpy BCWMYKM TpeTupaHu C Xxepoéu-

unan BapvaHTU BU3yaslHW CUMMTOMM Ha
(PUTOTOKCUYHOCT — X/10p03a, HEeKpo3a,
Jenpecus Ha pactexa Ha pacTeHusiTa He
6sxa HabnwpgasaHu. TpeTupaHute C
Xepouvuman pacteHuss He ce oT/MyaBaxa
Mo BBHWHM npu3Hauy oOT Te3n B
HeTpeTupaHata KOHTposa. BeretauuvoH-
HUAT BPBX NPU BCUYKM pacTeHns 6e CBeX,
aKTUBHO pacTsl,. Toea JaBa OCHOBaHuWe
Ja ce npueme, u4e BKIOYEHUTE B
Npoy4yBaHeTO MOYBEHM Xepbuuuan B
NPUNOXeHNTe [03M He npeaus3Bukear
BbHLUHM CUMNTOMM Ha (PUTOTOKCUMYHOCT

npu  MUKPOPA3MHOXEHNW W BKOPEHEHU
pacteHnsa ot OHF-333.
Pesyntatute oT 6GUOMETPUYHUA

aHanms ca npegcraseHu Ha durypa 1.

4. Oxyfluorfen — Goal 4 F - 250 ml/da
5. Oxyfluorfen + metolachlor — Metofen —
160 ml/da
6. Flumioxazine — Pledge 50 WP — 8 g/da
7. Benfluralin — Bonalin — 300 ml/da

The herbicide rate was recalculated
according to the surface area of the
cultivation container. The height of the
source plants in the separate variants was
measured before treatment. The trial was
set by standard methods, in three
replications. After treatment the plants
were grown in a glass-house for 180
days. During that period visual
observations for eventual incidence of
external symptoms of phytotoxicity,
caused by the herbicides, had been
made. The biomentric characteristic stem
height increment (cm) was reported on
180" day. The results obtained were
processed by standard dispersion
analysis methods.

RESULTS AND DISCUSSION

In all the variants treated with
herbicides, external symptoms  of
phytotoxicity (chlorosis, necrosis, plant
growth suppression) were not observed.
The plants treated with herbicides did not
differ in the external characteristics from
the plants of the untreated control. The
vegetative tips of all the plants were fresh
and actively growing. That gave the
grounds to assume that the soil herbicides
included in the present study and applied
at the rates mentioned, do not cause
external symptoms of phytotoxicity in
micropropagated and rooted plants of
OHF-333.

The results of the biometric
analysis are presented in Figure 1.
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[NpupacT Ha BucoumnHa (cm)
Height increment (cm)

10,0

5,0

0,0
Devrinol 4 F
400 mi/da

Kowtpona /
Control

Stomp 33 EC
400 ml/da

LSD5%-4,6;1%-6.4;0,1%-9,1

Goal 4 F
250 ml/da

Bonalin
300 ml/da

Metofen
160 ml/da

Pledge 50 WP
8g/da

dur.l BnmnaHMe Ha NOYBEHU Xepbuuuau BbpPXy MApupacta Ha WH BUTPO
pasmMHOXeHn n BKopeHeHu pacteHusa OHF-333
Fig. 1. Effect of soil herbicides on plant height of in vitro propagated and rooted

plants of OHF-333

PacTteHusiTa OT BapuaHTUTe TpeT-
MpaHn c Hanponamug, neHaMMETaInH,
okcudpnyopodpeH, dolymmokcasH U 6eH-
dnypanMH MMat npupacT, no-ronsm ot
TO3M Ha HeTpeTupaHaTta KoHTposa. ToBa
[JaBa OCHOBaHve ga ce npueme, 4ye Tesu
aKTVMBHMW BELLECTBA B MPUIOXEHUTE [03U
He okasBaT NoATWCKALLO AeACTBUE BLPXY
pactexa Ha pacTeHusaATa. Hali-ronam
npupacTt ce oTuMTa nNpu pacTeHusATa
TpeTupaHn c neHgumeTanuH (Bap. 3).
Hail-Huckn ca otyeTeHuTe CTOMHOCTU 3a
TO3W nokasaTen crnep TpeTupaHe C
MeTopeH (Bap. 5), KOoeTo nokasea
WMHXMOMPALLIO BAINSIHWE Ha TO3K Xepouuug,
BbpXy pacTtexa (Purypa 2).

The plants of the variants treated
with napropamide, pendimethalin,
oxyfluorfen, flumioxazine and benfluralin
showed a larger stem height increment
compared to the untreated control. That
gave the grounds to assume that those
active substances applied at the rates
mentioned, do not have a detrimental
effect on plant growth. The largest height
increment was reported in the plants
treated with pendimethalin (Var. 3). The
lowest values of that characteristic were
reported after treatment with Metofen
(Var. 5), which shows an inhibitory effect
of the herbicide on plant growth.
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dur. 2. PacteHusa Ha KpylloBaTa Moajioxka
cnep TpetupaHe ¢ MetodoeH (BapuaHT 5)

OHF-333 c nogtucHarto pasButue

Fig. 2. Plants of pear rootstock OHF-333 with suppressed growth after treatment

with Metofen (Variant 5)

13BOAV

TpeTupaHeTo C NOYBEHUTE Xepbou-
uuaM, BK/IKOYEHW B MPOY4YBaAHETO He
npegnsBMKBa BBHLIHM  Npu3HauM  Ha
TOKCUYHOCT MPU UH BUTPO PasMHOXEHU U
BKOpeHeHn pacteHma ot OHF-333.

Haii-ronsm npupact ce otuuta npm
pacTteHusiTa TpeTMpaHu ¢ NeEHAVMETa/INH.
Hail-Huckn ca otyeTeHuTe CTOMHOCTU 3a
TO3W nokasatesl cnepj TpeTupaHe ¢
MeTogeH, KOeTo nokasBa WHXMbupato
B/IUSAHWE Ha TO3u XxXepbuuug BbPXY
pactexa.

CONCLUSIONS

Treatment with the soil herbicides
included in the study did not cause any
external symptoms of toxicity to in vitro
propagated and rooted plants by OHF-
333.

The plants of the variants treated
with pendimethalin, showed the largest
stem height increment. The lowest values
on growth were reported after treatment
with Metofen, which shows the inhibitory
effect of the herbicide on plant growth.
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Improved strategy for control of pear psylla
(Cacopsylla pyri L.) (Hemiptera: Psyllidae)

Veselin Arnaudov

Fruit Growing Institute, 12 “Ostromila”, 4004 Plovdiv, Bulgaria

PE3IOME

O6ukHOBeHaTa KpylloBata JiMCTHa
6bnxa (Cacopsylla pyri L.) e egnH oT Knto-
4YOBUTE HACEKOMHUW BpeAUTEIN B KPYLLOBUTE
rpaguMHu Ha bBbnarapua. MNonckn onutu 3a
oueHKa epmkacHOCTTa Ha [Be HOBMW aKTWB-
HW BeLllecTBa CNUPOAMKIOMEH U cnupoTe-
Tpamatr cpewy Cacopsylla pyri L.
(Hemiptera: Psyllidae) 6sxa nposefeHu B
Npou3BOACTBEHA KPYLLOBa rpajmHa B OKOJ-
HocTute Ha rp. Mnosgus (Bbarapusa) npes
2015 wn 2016. Uenta Ha wu3cnegsaHeTo
Gelle aa ce oueHM 1 cpaBHY erkacHoCTTa
Ha cnupoguknodeH (Envidor ® 240 SC) un
cnupoTeTpamat (Movento® 100 SC), korato
ce npunaraT eHOKPaKTHO WUAWN ABYKPaTHO B
KOMbBuHaumsa ¢ MuHepanHo macno (Akarzin),
WNn B CTpaTterua C Apyru NPOAYKTWU, KOSATO
BK/lOYBA Tpe-TMpaHe C eAuH OT pABaTa
npoaykra B KOM-6MHaUMA C MUHepasTHO
mMacno, nocnegsaHo cneg 10 guu ot
TpeTupaHe c abamektuH (Vertimec ®) B
KOMbBuHaumsa ¢ MuHepanHo macno (Akarzin).
EdmkacHocTTa Ha [ABata npogykrta e
CpaBHsiBaHa C Ta3n Ha abamek-TUH B
KOMOMHaUMa € MUHepanHo Macno (npu
€[HOKPaKTHO 1 [BYKpaTHO TpeTupaHe).
CnmpoguvknodieH 1 cnvpoTtetTpamar, Korato
ce npwnarat B cTpaterus c abamekTuH
(Vertimec ®) B kOMOMHauUMA ¢ MUHepasiHO
Macno, nokassar no-go6pa eqnkacTHOCT OT

SUMMARY

Pear psylla (Cacopsylla pyri L.) is
one of the key insect pests in pear
orchards of Bulgaria. Field trials to
evaluate the efficacy of two new active
ingredients spirodiclofen and
spirotetramat against Cacopsylla pyri L.
(Hemiptera: Psyllidae) were carried out in
a production pear orchard in the
surroundings of Plovdiv (Bulgaria) in 2015
and 2016. The aim of the study was to
assess and compare the efficacy of
spirodiclofen (Envidor ®) and
spirotetramat (Movento ®), when applied
once or twice in combination with mineral
oil (Akarzin) or in strategy with other
products, which involves treatment with
one of two products in combination with
mineral oil, followed by treatment after 10
days with abamectin (Vertimec ®) in
combination with mineral oil (Akarzin).

The efficacy of the two products was
compared with that of abamectin, which is
considered the best standard now.

Spirodiclofen and spirotetramat, when
implemented in a strategy with abamectin
(Vertimec ®) in combination with mineral
oil, show better efficacy than the same
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Tasn Ha CbLUUTE aKTUBHU BeLLecTBa, Npuo-
XEHN e[HOKpaTHO B KOMOUHaUMA C MUHE-
pasiHoO Macfno uav npu ABYKPATHO npuna-
raHe Ha abamekTnH (Vertimec ®) B KOM6U-
Hauus ¢ MMHepasTHO Macso. 3HayeHneTo Ha
Tesn pesyntatm 3a nopobpsiBaHe Ha
XUMmnyeckunss KoHTpon Ha C. pyri B Bbarapus
ce auckyTmpar.

KntouoBu pgymun: Cacopsylla pyri,

Kpylia, cnupoAavknodheH, crnupoTeTpamar,
edmkacTHoCT, bbarapus

YBO/,

O6uKHOBEHaTa  KpylloBa  JIUCTHAa

6bnxa (Cacopsylla pyri L) e eguH ot
WKOHOMUYECKN Hali-BaXKHUTE HenpuaTesnun
Ha KpylwoBuTe abpBeTa B Bbarapus, koiito
MOXe [a NPUYMHWN NPEeKn WeTn BbPXY npo-
M3BOACTBOTO Ha KPyLUM W KOCBEHW Takmsa
Kato BekTop Ha “Candidatus Phytoplasma
pyri“, npyuunHuTen Ha 6onecTt-Ta ,BHe3arnHo
3arMBaHe Ha Kpywosute pgbpeeTa“ (Pear
Decline) (Seemdller and Schneider, 2004).
Cuuta ce 4e, TA € ,K/NOYOB HenpusaTen“ B
KpyLioBuTe rpagvHu, Ho nonynauuute U
4yecTo moraTt ga 6bAaT peryimpaHu ot npu-
poaHn hakTopu, nopagy KOeTo He BuHaru
ce Hanara npoBexaaHeTo Ha XUMWYHU Tpe-
TupaHus. B geictBuTenHocT obaye, nopgo-
6psiBaHETO Ha arpoTexHU4ecknTe YC/0BUSA
(TopeHe, HanosiBaHe, pe3nTba u T.H.) N Hali-
Beye CTPaHUYHUAT edekT Ha cneumduyHun-
TE€ WHCeKTMUMAM HacOo4yeHn cpewy Apyru
BpeauTesiM 1 TAXHATa HeceneKTUBHOCT,
6na-ronpusatcTear pasBUTUETO Ha Gbsixara
W YecTO Hanarat HeobxoauMmocTTa OT Mnpu-
naraHe Ha MeponpuATuA 3a orpaHuyaBaHe
Ha HelHUTe nonynauun 1 WeTwn.

Mpe3 nocnegHuTe rogMHN Ha nasapa
ce nosiBMxa HOBWU eKo/10rocbobpasHn XMMu-
Yeckn NPOAYKTM 3a KOHTPON Ha AOBLIKOB
nJo4oB YepBeld, IMCTO3aBMBAYKM U JINCTO-
MUHMpaLLM MOLUM C nojyepTaHo LWwagAwo
JelicTBMe NO OTHOLLEHWe nonynauuute Ha
OCHOBHMSI XMLUHMK Ha KPYLUOBWUTE JIUCTHM
6BbXM — xuwHaTta gbpBeHuua (Anthocoris
nemoralis). /3non3eaHeTo Ha CEeNeKkTUBHU
XMMUYeCcKn cpefcTsa 3a KOHTpon Ha C. pyri,
no3Bo/isA No-A406pO onasBaHe Ha ecTecTBe-
HATE XULWHUUWM Ha JINCTHUTE OBAXM U
nogabpxaHe nonynauumMte Ha KIH40BUA
BpeauTesl Mnof npara Ha WKOHOMUYecKa

active  substances used once in
combination with mineral oil or twice-
applied of abamectin (Vertimec®) in
combination with mineral oil. The
importance of these results for improve
chemical control of pear psyllid in Bulgaria
is discussed.

Key words:
spirodiclofen,
Bulgaria

Cacopsylla pyri, pear,
spirotetramat, efficacy,

INTRODUCTION

Pear psylla (Cacopsylla pyri L.) is
one of the most important pests of pear
trees in Bulgaria, which can cause direct
damage to the production of pears and
indirect ones such as the vector of
'Candidatus Phytoplasma pyri’, causal
agent of the disease 'Pear Decline’,
(Seemdller and Schneider, 2004).

It is considered a "key pest" in pear trees,
but its populations can often be regulated
by natural a factor, which does not always

require chemical treatments. In fact,
however, the improvement of agro-
technical conditions (fertilization,

irrigation, pruning, etc.) and especially the
side effect of specific insecticides directed
against other pests and their non-
selectivity favor the development of pear
psylla and often require the application of
measures to limit its populations and
damage.

In recent years new environmental
friendly chemical products have been
introduced to control of the codling moth,
tortricids and leaf miners, with a
pronounced protective effect on the
populations of the main predator of pear
psylla, Anthocoris nemoralis Fabr.

The use of selective chemicals for control
against C. pyri allows better preservation
of natural predators of psyllids and
maintenance of ‘key pest’ populations
below the threshold of economic harm.
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BpeAHOCT. B MOMEHTa KOHTPONbT BBPXY
TO3n BpeauTen ce chokycupa BbpXy M3Mos-
3BaAHETO Ha WHCEKTULMAN CbC crneundmryHa
aKTUBHOCT KaTo abaMeKTWH, HAKOW HEOHWKO-
TUHOUAHU WHCEKTUUMAM W akapuuuan c
WHCEKTULMAHA aKTUBHOCT, KbM kKouto C. pyri
BCe OLLe He e pa3Bu/a pe3nCTEHTHOCT.

OT cKopo Ha nasapa ce nosiBuxa age
HOBM aKTMBHW Cyb6CTaHUMKM CNUPOAMKNIOgEH
(Envidor ®) n cnupoteTpamat (Movento®),
npeacTaBuTeNIn Ha HOB Knac nNpoaykTn —
KETOEHOMN, NPOU3BOAHM HA CNMPOLMKINYHA
TETPOHOBA KMCENMHa, NPouU3BeAEeHN OT KOM-
naHuaTa Bayer CropScience. Te3n npoayk-
TW ce XxapakTepusuMpar C HOB HauuH Ha
AelicTBue, KOWTo 610kupa NUNngHns cuHTe3
B TAMOTO Ha ronsMm Opoii HaceKoMHU
BMAOBE, B T.4. 1 C. pyri, KaTo Nno To3u HauuH
YCMELWHO  KOHTponupaT  pe3ucTeHTHUTe
nonynauum Ha To3u n apyru speautenun (De
Maeyer et al., 2002; Marci¢ et al., 2007;
Pasqualini and Civolani, 2010; Pasqualini et
al., 2012; Civolani et al., 2015).

Llenta Ha ToBa mM3cneaBaHe e aa ce
npoyyun n cpasBHW edhmkacHOCTTa Ha Crnmpo-
avknodgpeH (Envidor ®) u cnupoteTpamar
(Movento ®), korato ce npwnaraT efHokpar-
HO B KOMOMHaLUMsi C MUHEPa/IHO Mac/o
(Akap3vH), wnnn B cTpaTterns c Apyru
NpoAyKTW, BK/OUBALLLA TpeTMpaHe C eAuH oT
[ABaTta m3cnefBaHu WHCEKTULMAA B KOMOU-
Hauus C MUHepasHO macno, nocfiefsaHo
cnen 10 gHW OT TpeTupaHe C abaMeKTVH B
KOMBMHALUMA C MUHEpaslHO Macno wmu
TpeTupaHe CbC CbLUTE UHCEKTULMAOHM
KOMOuHaLm, HO B obpaTteH pej,.

MATEPWNAN N METO4WA

Monckn TecToBe 3a OuUeHKa edu-
KacHocTTa Ha cnupoguknodgeH (Envidor®)
n cnupoTeTpamar (Movento®) NpuIoXKeHu
€/JHOKPaKTHO B KOMOBUHALMA C MUHEPAUTHO
Macsio uWnum B cTpartervs, BkI4YBalla
pefyBaHeTO MM C ApyrM nNpoaykTn 3a
KOHTpon Ha C. pyri L. 6sxa npoBeAeHn B
NMpoOM3BOACTBEHA  KpylIOBa  rpaguHa,
Hamupaula ce B c. Llapumup B 6/1M30CT g0
Mnosgue npe3 2015 un 2016 roavHa.
MpoaykTMTe M3NoN3BaHN B TECTOBETE U
TEXHUTE OCHOBHM XapakTepUCTMKM ca
npeactaseHn B Tabnvua 1.

At present, control of this pest focuses on
the use of insecticides with specific
activity such as abamectin, some
neonicotinoid insecticides and acaricides
with insecticidal activity to which C. pyri
has not yet developed resistance.

Recently, two new active substances,
spirodiclofen (Envidor ®) and spirotetramat
(Movento®), a new class of products —
ketoenols derived from spirocyclic tetronic
acid produced by Bayer CropScience,
appeared on the market. These products
are characterized by a new mode of action,
which is expressed in blocking lipid
synthesis in the body of a large number of
insect species, including C. pyri, allowing
them to successfully controlling the resistant
populations of this and other similar pests
(De Maeyer et al., 2002, Marci¢ et al., 2007,
Pasqualini and Civolani, 2010; Pasqualini et
al., 2012; Civolani et al., 2015).

The aim of this study is to
investigate and compare the efficacy of
Spirodiclofen (Envidor ®) and
Spirotetramat (Movento ®) when applied
in combination with mineral oil (Acarzine)
or in a strategy with other products
involving treatment with either Tested
insecticide in combination with mineral oil
followed by 10 days of treatment with
abamectin in combination with mineral oil
or treatment with the same insecticide
combinations but in reverse order.

MATERIAL AND METHODS

Field tests to evaluate the efficacy
of spirodiclofen (Envidor®) and
spirotetramat (Movento®) in combination
with mineral oil applied singly or a
strategy involving their alternation with
other products for control of C. pyri were
carried out in a commercial pear tree
garden located in the village of Tsarimir
near Plovdiv in 2015 and 2016. The
products used in the tests and their basic
characteristics are presented in Table 1.
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Tabnuua 1. NMpoayKTu, N3rnon3saHU B TecToBeTe

Table 1. Products used in tests

/AKTUBHO BeLlecTBO Active Mpoaykr Tbproecka hopmMyMpoBka Jo3a
substance Product Commercial formulation Dose C. f.
ml/hl
Spirodiclofen Envidor ® 240 g/L SC 60
Spirotetramat Movento ® 1000 g/L SC 150
Abamectin Vertimec ® 18 g/LEC 150
Mineral oil + emulsifier Akarzin 85% + 15% EC 250

CnupoguknodpeH (Envidor ® 240
SC) n cnmpoTeTpamat (Movento® 100 SC)
6axa nNpunoxeHn egHokpatHo B fos3a 60
nnun 150 ml/hl, B KOMBUHAUNS C MUHEPA/THO
macno (Akarzin — 250 ml/hl) wmn B
cTpaterns ¢ Apyru npoAykTu, BK/IKO4YBaLla
nbpBOHavYasiHO TpeTupaHe (T1) ¢ eauH oT
ABaTa M3NUTBaHW MHceKTMumaa (B cbluuTe
[031) B KOMOBUHALUNA C MUHEpPasTHO Macso
(Akarzin — 250 ml/hl), nocnegsaHo cneg 10
OHM  oT TpetupaHe (T2) c abaMeKkTuH
(Vertimec® 18 EC — 150 ml/hl) B kOM6UHa-
uua ¢ MuHepasniHo Macno (Akarzin — 250
mi/hl), wnnn TpeTupaHWss CbC CblMTE
WHCEKTULMAHN KOMOWHAaLW, MPUNOXEHN B
ChblUMTE A03K, HO B 06paTeH pes,.

EchukacHocTTa Ha gBaTta npoaykra B
KOMOMHaAUMA C MUHEepasHO Macno bGele
cpaBHAiBaHa C Ta3M Ha abaMeKTuH
(Vertimec® — 150 ml/hl) + MuHepasnHo
macno (Akarzin — 250 ml/hl), cunTtaHa 3a
Hail-nobpusaT  cTaHgapT B MOMeHTa
(Tabnuua 2). MbpBoTO TpeTupaHe (T1)
6elle npoBedeHO MpU HanyMe Ha mnpe-
obnagaBawo KbATW Aila“ nWam Mbpeu
W3MIONEHN flapBu, a BTOPOTO TpeTvpaHe
(T2) (3a ekcnepuMMeHTaNHUTE y4yacTblM, B
KOWTO e NnpeABUAEHO TakoBa TpeTupaHe) —
10 pgHU no-kbCHO. EkcnepumeHTUTE cCa
3a/10keHN B paHZoMu3vpaHa 610K cxema B
3 noBTOopeHuWs (N0 YeTMpu nObpBETA B
MOBTOpPEHME) 3a BCAKO TpeTvpaHe, BbpXy
LIeCTroAMLLHN KPYLLIOBM AbpBeTa 0T copTa
.bOCKOBa MacnoBska“, ¢opmMupaHn Karto
.BpeTeHo". OueHkaTa Ha ecpmkacHocTTa e
npaBeHa BbLPXY MapkvpaHu netopactn 6e3
cbbupaHe Ha npobu, B nepmoga ot 1-usa o
28-ua neH cnep tpetupaHeTo. Pesyntature
ca npeAcTaBeHW kaTo cpefieH 6poii napsu
(L) v Humcbn (N) Ha neTopacT Ha 7-mu,
14-tn, 21-Mmun 1 28-Mu AeH cnep TpeTupaHe-
To (T+7, 14, 21 n 28). EchmkacHocTTa Ha
U3NUTBaHWUTE XWMWKa/IM € OLEHsIBaHa Cb-

Spirodiclofen (Envidor ® 240 SC)
and spirotetramat (Movento® 100 SC)
were applied once at a dose of 60 or 150
ml/hl in  combination with mineral oil
(Akarzin 250 ml/hl) or in a strategy with
other products including initial treatment
(T1) with one of the two tested
insecticides (at the same doses) in
combination with mineral oil (Akarzin —
250 ml/hl) followed after 10 days by
treatment (T2) with abamectin
(Vertimec® 18 EC - 150 ml/in
combination with mineral oil (Akarzin —
250 ml / hl), or treatments with the same
insecticide combinations applied at the
same doses but in the reverse order.

The efficacy of both products in
combination with mineral oil was
compared to that of abamectn
(Vertimec® — 150 ml/hl) + mineral oil
(Akarzin — 250 ml/hl) considered to be the
best standard at present (Table 2). The
first treatment (T1) was conducted in the
presence of predominantly "yellow eggs"”
or first hatched larvae and the second
treatment (T2) — 10 days later (for the
experimental plots where such treatment
was provided). The experiments are set
on a block random scheme in 3 replicates
for each tretment, on 6-year pear trees
with  spindle-shaped form, from the
'‘Beurré Bosc’ cultivar. Efficacy estimates
were made on marked shoots without

sampling, from 1 to 28 days after
treatment.
The results are presented as mean

number of larvae (L) and nymph (N) on
shoot on the 7th, 14th, 21st and 28th
days after treatment (T + 7, 14, 21 and
28). The efficacy of the tested chemicals
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rnacHo cpopmynarta Ha Abbott (1925). Bcuu-
K/ CTOWHOCTM ca nogfaraHy Ha aucnep-
cnoHeH aHanm3 (ANOVA), a pasimuusata
MeXay CcpefHWTe ca CpaBHsIBaHM C TecTa
Ha Tukey HDS npu (p<0,05).

Tabnuua 2. EkcnepyMMeHTasIHU YCOBUA
Table 2. Experimental conditions

was evaluated according to the formula of
Abbott (1925). All values were analyzed
(ANOVA), and mean differences were
compared with the Tukey HDS test at
(p=<0.05).

r {/HceKkTMumMaHa AKTUBHa [Josza/Dose Bpeme Ha npunoxeHune [Jata Ha
s KOMOUHaLMA cy6cTaHuma ml / hl Time of application TpeTupaHe
E *Insect_icid_e Active substance Date treatmen
= Fcomb|nat|ons 2015 2016
1. Envidor 240 SC +spirodiclofen  + 60+250 ([T1 npu Hanuume Ha Xxbnty 30.04 25.04
Akarzin mineral oil [AiLa“ MAM NbpBU  U3MIONEHU
\napsu
T1 - "yellow egg" and the first
hatched larvae
2. Envidor 240 SC +spirodiclofen  + 60+250 Tl 30.04 25.04
Akarzin mineral oil
\Vertimec 18 EC +abamectin 4+ 150+250 (T2 — TpetupaHe 10 gHu cnep 10.05 5.05
Akarzin mineral oil NbpBOTO Npunoxenue (T1)
T2 — treatment 10 days after
first aplication (T1)
3. \Vertimec 18 EC + [abamectin + 150+250 T1 30.04 25.04
Akarzin mineral oil
Envidor 240 SC + |spirodiclofen  + 60+250 T2 10.05 5.05
Akarzin mineral oil
4. Movento 100 SC Hspirotetramat  + 150+250 T1 30.04 25.04
Akarzin mineral oil
5. Movento 100 SC +(spirotetramat  + 150+250 T1 30.04 25.04
Akarzin mineral oil
\Vertimec 18 EC + [abamectin + 150+250 T2 10.05 5.05
Akarzin mineral oil
6. \Vertimec 18 EC + [abamectin 4+ 150+250 Tl 30.04 25.04
Akarzin mineral oil
Movento 100 SC +{spirotetramat  + 150+250 T2 10.05 5.05
Akarzin mineral oil
7. \Vertimec 18 EC +abamectin + 150+250 T1 30.04 25.04
Akarzin mineral oil
8. \Vertimec 18 EC +abamectin 4+ 150+250 Tl 30.04 25.04
Akarzin mineral oil
\Vertimec 18 EC +abamectin 4+ 150+250 T2 10.05 5.05
Akarzin mineral oil
9. Untreated Kontrold

PE3SYNTATU N OBCbXOAHE

Pe3syntatute, npeacraBeHn Kato
cpepeH 6poit napswu/ Humdgm (L/N) Ha
netopacT ca oTpaseHn B Tabnuua 3-4 3a
BCSAKa rovHa nootaesiHo. HamanssaHeTo
Ha obwusa 6poli napBu/HUMdK Ha neTo-
pacT, M3pas3eHo kato % e npeacTaBeHo
Ha durypa 1l un 2.

RESULTS AND DISCUSSION
The results, expressed as average
number of larvae/nymphs (L/N) per shoot,
presented in Table 3-4 for each year
separately. The reduction of the total
number of larvae/ nymphs expressed as
% is shown on Figure 1 and 2.
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Tabnuua 3. CpegeH 6poii napeu (HUMdw) Ha C. pyri Ha 7-u4, 14-ns, 21-ns n 28-uns
[€eH cnef MbpBOTO TpeTupaHe, Nnosans 2015

Table 3. Average number of C. pyri larvae (nymphs) of at the 7th, 14th, 21st and
28th days after the first treatment, Plovdiv 2015

Ne MpoaykTn [osa/ [ata Ha CpegeH 6poii napsu (Humdm) Ha C. pyri Ha neTopact

Products Dose | TpeTupaHe Average number of C. pyri larvae (nymphs) per shoot

mi/hl Date of T1+7 Ti+14 Ti+21 T1+ 28

treatment ME* ME ME ME

1. |Envidor +Akarzin | 60+250 30.04 3,1b 25b 16b 0,20 b

2. [Envidor +Akarzin| 60+250 30.04 3,0b 20b 1,4b 0,05b
Vertimec 150+250 10.05

+Akarzin

3. [Vertimec+Akarzin|150+250 30.04 3,2b 15b 0,2b 0,00 b
Envidor + Akarzin| 60+250 10.05

4. |Movento+ Akarzin| 150+250 30.04 27b 1,1b 09b 0,25 b

5. [Movento+ Akarzin| 150+250 30.04 27b 1,2b 0,4b 0,00 b
\Vertimec+Akarzin | 150+250 10.05

6. [Vertimec+Akarzin|150+250 30.04 3,3b 0,8b 0,2b 0,00 b
Movento+ Akarzin| 150+250 10.05

7. |Vertimec+Akarzin | 150+250 30.04 32b 10b 24b 2,06 b

8. [Vertimec+Akarzin|150+250 30.04 3,3b 0,6b 1,1b 0,85b
\Vertimec+Akarzin | 150+250 10.05

9. |Untreated - 3l2a 73,8a 91,2a 52,8a

Kontrola

*MF — noasuxHu coopmu (napsm / HUMu Ha netopact); mobile forms (larvae / nymphs per shoot)

Tabnuua 4. CpegeH 6poii napsu (HUMdw) Ha C. pyri Ha 7-u4, 14-ns, 21-ns n 28-ns
L€EH cnep MbpPBOTO TpeTupaHe, Nnosaune 2016

Table 4. Average number of C. pyri larvae (nymphs) of at the 7th, 14th, 21st and
28th days after the first treatment, Plovdiv 2016

Ne |Mpoayktu [osa [ata Ha CpegfieH 6poit napeu (Humdm) Ha C. pyri Ha neTopact

Products Dose | TpeTupaHe Average number of C. pyri larvae (nymphs) per shoot
ml/hl Date of T1+7 T1+14 T1+21 T1+28
treatment MF* MF MF MF

1. |Envidor + Akarzin| 60+250 25.04 15b 12b 0,7b 0,15b

2. [Envidor + Akarzin| 60+250 25.04 1,4b 10b 05b 0,05b
\Vertimec+Akarzin | 150+250 5.05

3. |Vertimec+Akarzin | 150+250 25.04 16b 11b 0,3b 0,04 b
Envidor + Akarzin| 60+250 5.05

4.  Movento + 150+250 25.04 12b 06b 04b 0,08 b
Akarzin

5. [Movento+ Akarzin| 150+250 25.04 1,3b 0,5b 0,1b 0,00 b
\Vertimec+Akarzin | 150+250 5.05

6. |Vertimec+Akarzin | 150+250 25.04 16b 0,5b 0,2b 0,00 b
Movento+ Akarzin| 150+250 5.05

7. |Vertimec + 150+250 25.04 16b 0,4b 0,8b 1,27b
Akarzin

8. |Vertimec+Akarzin | 150+250 25.04 14b 03b 02b 0,74 b
\Vertimec+Akarzin | 150+250 5.05

9. |Untreated - 234 a 51,5a 67,6 a 49,2 a
Kontrola

*MF — noasuxHu choopmu (napsm / HUMu Ha netopact); mobile forms (larvae / nymphs per shoot)

3HaUMMK pasnuuns B MonynaLlyuoH- Significant differences in

HaTa NAbTHOCT (6pos Ha fliuata u napesuTe
Ha netopacT) Ha C. pyri B pasnuyHute
eKkcnepumeHTanHu napuenu npeau TpeTu-
paHeTo He 6sixa ycTaHOBEHU U Mpe3 aBeTe

population density (number of eggs and
larvae per shoot) of C. pyri in the different
experimental plots prior to treatment were
not established during both years of the
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roAvHN Ha uscnegsaHeTo. 3a pasfnvka oT
MNIBTHOCTTA Ha MnonynauuaTa, cTeneHta Ha
U3nonBaHe Ha siilara B MOMeHTa Ha Tpe-
TMpaHeTo He bGelle naeHTUYHa npes ABeTe
roguHu. Mpu nbpeuTe otumTaHus (T1 + 7
[OHW) 1 npe3 aBeTe roAvHU Ha n3cnegsaHe-
TO € YCTaHOBEHO Ha/lmyme Ha X1BW SlapBu
BbB BCUYKM EKCMEpPUMEHTa/IHU napuenu
(Tabnuua 3-4).

study. In contrast to the population
density, the degree of hatching of the
eggs at the time of treatment was not
identical in both years. At the first counts
(T1 + 7 days), live larvae were found in all
experimental plots during both years of
study (Table 3-4).

100 ~

98 A

96 -

94 A

92 A

90 -+

88 A

86 -

84 A

82 -

80 T T T T T T T 1
Envidor+ Envidor+ Vertimec+ Movento+ Movento+ Vertimec+ Vertimec+ Vertimec+
Akarzin Akarzin Akarzin Akarzin Akarzin Akarzin Akarzin Akarzin

Vertime + Envidor+ Vertimec+ Movento+ Vertimec+
Akarzin Akarzin Akarzin Akarzin Akarzin
ET1+7 ®T1+1472+4 ®WT1+21T2+11 ®T1+28T2+18

dur. 1. EdomkacHOCT Ha nHcekTuunauTte cpely C. pyri (B %), NMNnosgus., 2015
Fig. 1. Efficacy of insecticides against C. pyri (in %), Plovdiv, 2015

100
a8
96
a4
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90
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84
82
80
Envidor+ Envidor+ Vertimec+ Movento+ Movento+ Vertimec+ Vertimec+ Vertimec+
Akarzin Akarzin Akarzin Akarzin Akarzin Akarzin Akarzin Akarzin
Vertime + Envidor+ Vertimec+ Movento + Vertimec+
Akarzin Akarzin Akarzin Akarzin Akarzin
mMT1+7 mT1+14T2+4 mT1+21T2+11 mT1+28T2+ 18

dur. 2. EdomkacHOCT Ha nHcekTnumnante cpely C. pyri (B %), NMnosane, 2016
Fig. 2. Efficacy of insecticides against C. pyri (in %), Plovdiv, 2016
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3HaunTenHn pasnuuusa B 6pos Ha XuBUTe
napeu, obavye ca HabnwgaBaHn Mexay
necTuymgHo-TpeTupaHuTe  abpBeta U
HeTpeTMpaHuTe AbpBETa KaTo pe3yntaT oT
necTyymgHuTe TpeTupaHus u npes3 ageTe
roguHy Ha uscnepgsaHeTo (Tabnuua 3-4).

PesyntatuTe oT npoBeAeHUTe ABYro-
[OVILLIHK TECTOBE Ca UAEHTUYHU U oYepTaBaT
CXOAHV TeHAEHUWMW, He3aBUCUMO OT BUAM-
MO No-HUCKaTa eIMKaCHOCT Ha npuiaraHu-
Te WHCeKTUUMAM B Kpas Ha nbpBaTta cep-
MuUa cnep TpetupaHeto npes 2016, Abn-
Xallo ce Ha No-BMCOKUSI NMPOLIEHT n3stone-
H/ napBuM B MOMEHTa Ha TpeTupaHeTo
(Tabnuua 3-4). ToBa HM gaBa OCHOBaHWe
[Ja HanpaBuM 06, aHa<n3 Ha nosyyeHuTe
pe3yntaTv 1 aa rm AUCKYyTUpamMe CbBMECTHO.

CnupoguknodeH (Envidor® 240 SC)
n cnupoTetpamar (Movento® 100 SC) B
KOMOMHaLMa ¢ MUHepasTHO macsio (Akarzin)
NPUIOXKEHN eAHOKPaKTHO MOKa3BaT BMUCOKA
edpnkacHOCT B KOHTpona Ha C. pyri, KOATO e
He3HauuMTesHO no-fobpa OT Tasn Ha
petbepeHTHata KombuHauma abameKTuH
(Vertimec® 1.8 EC) + MUHepasHO Macsio
(Akarzin). MNpunoxeHn egHOKpPaATHO B KOM-
6uHauMa ¢ MuHepasHo Macno, Envidor®
240 SC u Movento® 100 SC edeKkTMBHO
peayuupat nonynauuMute Ha HenpuaTens,
pocturaiikn 99,5-99,8% edimkacHOCT Ha 28
[JeH cnep TpeTUpaHeTo, KOSITO € HesHauu-
TenHo no-go6pa ot Tasn Ha (Vertimec® 1.8
EC + Akarzin) — 97,4-96,1%, npu egHoKpaT-
HO npunaraHe (Purypa 1 un 2). 3Haunmu
pasnuumsa B obuiaTta edukacHOCT Ha chu-
poauknoden (Envidor® 240 SC) n cnpoTe-
TpamaTt (Movento®100 SC) He ce KOHCTaTu-
paT, HesaBUCMMO, 4Ye CnMPOAMKIoEH
[EeMOHCTpMpa Masiko no-3abaBeH edekT B
NbpBUTE ABE CEAMUUM cnep TpeTupaHeTo.
3a pasnuka ot abamektuH (Vertimec® 1.8
EC), koiiTo ce oTmMyaBa CbC craba
WUHMLMANHA TOKCMYHOCT U  OTHOCUTESHO
KpaTkoTpaeH edekt, Envidor® 240 SC n
Movento® gemoHcTpupaT cnab uHuumaneH
ed)ekT, KOMNTO MOCTENEHHO ce nopobpsiea
BbB BpeEMeTO.

M3non3eaHeTo Ha cnupoaukKnogeH
(Envidor® 240 SC) u cnupoTeTpamar
(Movento®) B cTpaTerns ¢ gpyru npoayKTu,
BK/OYBALLA MbpPBOHAYa/IHO TpeTupaHe C
eOVH OT [ABaTa MHCEeKTUUuAa B KOMOUHaL s

However, significant differences in the
numbers of living larvae were observed
between pesticide-treated trees and
untreated trees as a result of the
chemical treatments during both years of
study (Table 3-4).

The results of two-year tests are
identical and outline similar trends
despite the apparently lower efficacy of
applied insecticides at the end of the first
week after treatment in 2016 due to the
higher percentage of hatched larvae at
the time of treatment (Table 3-4). This
gives us reason to make a joint analysis
of the results and to discuss them
together.

Spirodiclofen (Envidor® 240 SC)
and spirotetramat (Movento® 100 SC) in
combination with mineral oil (Akarzin)
applied singly show a high efficacy in
control of C. pyri, which is insignificantly
better than that of the reference
combination abamectin (Vertimec® 1.8
EC) + mineral oil (Akarzin). Once applied
in combination with mineral oil, Envidor®
240 SC and Movento® 100 SC effectively
reduce the pest population, reaching
99.5-99.8% efficacy at 28 days post-
treatment, which is slightly better than
that of (Vertimec ® 1.8 EC + Akarzin) —
97.4-96.1%, with one application (Figure
1 and 2). Significant differences in the
overall efficacy of spirodiclofen (Envidor®
240 SC) and spirotetramat (Movento®
100 SC) were not found, although
spirodiclofen demonstrated a slightly
slower effect over the first two weeks
after treatment. Unlike abamectin
(Vertimec® 1.8 EC), which is
characterized by a low initial toxicity and
a relatively short-lasting effect, Envidor®
240 SC and Movento® show a poor initial
effect that gradually improves over time.

The use of spirodiclofen (Envidor®
240 SC) and spirotetramat (Movento®) in
strategy with other products involving
initial treatment with one of the two
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C MUHEepasIHO Mac/io, nocneagaHo cneg 10
[HU OT TpeTupaHe ¢ abaMeKTUH B KOMbBUHa-
uMa ¢ MUHEepasHO Macfo, Wan CblynTe
WHCEKTULUMAN, HO NPWIOXKEHW B obpareH
pea, [onpuHacs 3a 3HauuTesiHO nojobps-
BaHe KOHTpona Ha C. pyri. BkntouBaHeTo Ha
Tesn NpPoAyKTW B efHa OT [BeTe cTpaTteruu
BOAM [0 3HAUMTENIHO HapacTBaHe Ha
edmkacHocTa (go 100%), n3passasallo ce B
Nb/HO pefyuupaHe Ha nonynauyumMTe Ha
BpeauTens [0 YeTupu ceamuum  cnep,
MbpPBOHAYA/THOTO TPETUPAHE.
CnupoguknodeH 1 cnupoTeTpamar,
Korato ce npunarat B cTpaTtervsi ¢ Apyru
npoayktn  (abamektuH +  MUHepasTHO
Macsno), KouTo npegxoxgatr Wiu cnepsat
OCHOBHOTO TpeTupaHe, nokassart no-gobpa
ehukacTHOCT OT Ta3u Ha CnMpoAMKIoceH
(Envidor 240 SC), cnupoTeTpamar
(Movento®) n abamektuH (Vertimec ®),
NPUIOXEHN €JHOKPATHO B KOMOMHauus ¢
MUHEpPaSIHO Mac/o WAM Npu  [ABYKPATHO
npunoxexHve Ha abamekTnH (Vertimec ®).

n3BOAMN

Te3n ekcnepMMeHTW MOTBbPXAABaT
po6pata edmkacTHocT Ha Envidor® 240 SC
1 Movento® 100 SC B koHTpona Ha C. pyri,
KOSITO ce nogyeptaBa M B NpeaxofHu
eKcnepuMeHTn (Arnaudov, 2016a;
Arnaudov, 2016b). [lo6aBAHETO Ha MWHE-
pasiHO Macno KbM TAX NogobpsiBa TAXHaTa
ep1KkacHOCT ¥ M NpaBu OLLe MO-HafAeXAHU
B OrpaH/M4aBaHe nonynauumnte Ha KI4oBuUs
BpeauTen. KoHTponbT Ha nonynaumute Ha
C. pyri e TonkoBa Mo-4o6bLp M MNO-AbArO-
TpaeH, KOMKOTO NOAXOAALMA MOMEHT 3a
TpeTupaHe e no-fobpe onpeaeneH. PaHHO-
TO MpunaraHe Ha Te3u NPOAYKTK, Taka KakTto
W 3aKbCHAI0TO MM Npunarade, Npyu Haamume
Ha Beye W3/IoNeHV NapBu MOXe 3HauuTen-
HO [a Hamann TaxHaTa edrKacHOCT. AKTUB-
HocTTa Ha Envidor® 240 SC + MuHepasiHo
macno u Movento® 100 SC + MuHepasiHo
Macno, efHOKPaTHO MPUIOXEHN W3rnexaa
fga e no-HagexaHa oT Tasu Vertimec® +
MWHEpPaNHO Macsno Mpu KOHKPETHWTE YCno-
BWS1 Ha rpajuHaTa.

N3nonssaHeTo Ha Envidor® 240 SC
nwam Movento® 100 SC B KOM6UHAUMA C
MWHEpPanHO Macsno B cTpaTerms ¢ npeaxox-

insecticides in combination with mineral
oil after 10 days followed by abamectin
treatment in combination with mineral oil
or the same Insecticides, but applied in
reverse order, contributes to significantly
improve the control of C. pyri.
Incorporation of these products into one
of the two strategies leading to a
significant increase in the efficacy (up to
100%), resulting in complete reduction of
pest populations up to four weeks after
the initial treatment.

Spirodiclofen and spirotetramat
when used in a strategy with other
products (abamectin + mineral oil) that
preceded or followed the main treatment
showed better efficacy than spirodiclofen
(Envidor 240  SCQ), spirotetramat
(Movento®) and abamectin (Vertimec ®)
applied once in combination with mineral
oil or abamectin (Vertimec ®) in
combination with mineral oil but in two
consecutive treatments.

CONCLUSIONS

Experiments  confirm the %ood
efficacy of Envidor® and Movento® in
control of C. pyri, which is also reported in
previous studies (Arnaudov, 2016a,
Arnaudov, 2016b). The addition of mineral
oil to them improves their efficacy and
makes them even more reliable in limiting
the key pest populations. The control of C.
pyri populations is as better and longer as
the right time for treatment is better
defined. Early application of these
products, as well as their later application,
in the presence of already hatched larvae,
can significantly reduce their efficacy.

The activity of Envidor® 240 SC + mineral
oil and Movento® 100 SC + mineral oll,
once applied, seems to be superior to this
Vertimec® + mineral oil under the specific
garden conditions.

The use of Envidor® 240 SC or
Movento® 100 SC in combination with
mineral oil in a strategy with prior or
subsequent treatment with Vertimec® 18
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Jauo wny  nocnejpawo TpeTupaHe C
Vertimec® 18 EC + mnHepasiHO mac/o gasa
CXOJHW WM He3HauynTeNHo Nnogobpu pesyrn-
TaTW, OTKONKOTO eHOKPaTHOTO TpeTMpaHe ¢
Envidor 240 SC, Movento® 100 SC wumm
Vertimec® 18 EC + MWHepasiHO Macso, uiu
[JBYKpaTHOTO TpeTupaHe c Vertimec® 18
EC+ mumHepanHo macno. Taswm ctparterns c
[Be nocnefoBaTeslHN TpeTupaHua C pas-
JINYHW aKTUBHU cy6CTaHuMm (CNMPOAUKIIO-
deH unn cnupoteTpamaT, nocnefsaHo OT
abamekTH unu obpaTHO B KOMGMHauus ¢
MUHepasIHO Mac/i0) MOXe fa npeacTrasnsasa
3HaUNTENHO NO-406pPO pelleHne, KakTo U
Bb3MOXHa a/iTepHaTnBa Ha eJHOKPATHOTO U
[ABYKpaTHO TpeTupaHe ¢ abaMekTuH + MuHe-
pasiHo Macso, 0CO6eHO B crlyyauTe Ha Cuil-
HO M NPOABbXMTENHO HanageHue ot C. pyri.

B cnyyaute Ha no-cna6o HanageHue
OT TO3U BpeamuTes, eaHOKPaTHOTO TpeTupa-
He ¢ Envidor® 240 SC wm Movento® 100
SC B KOMOWHauMa C MUHEPa/THO Macso
MOXe [ia Ce OKaxe Harb/IHO JOCTaTb4yHO 3a
Ja noaabpxa nonynauumnte Ha BpeauTens
Ha MKOHOMWYecKo 6e3onacHo HMBO. Bkitou-
BaHeTo Ha Envidor® 240 SC u Movento® 100
SC B cTpaterusaTa 3a ynpasieHue Ha nony-
nauunte Ha C. pyri, ypes efHOKpaTHU Npu-
naraHva Wan B Cxema C Apyrv NpoaykTy Lwe
HanpaeBu nocfegHata Mo-rbBKkaea W Mo-
HafexaHa B KOHTpO/sia Ha TO3M K/IYOB
HenpuaTen.

EC + mineral oil gives similar or negligibly
improved results than single treatment
with Envidor 240 SC, Movento® 100 SC
Or Vertimec® 18 EC + mineral oil, or
twice-treatment with Vertimec® 18 EC +

mineral oil. This strategy, with two
consecutive treatments with different
active  substances (spirodiclofen or

spirotetramat, followed by abamectin or
vice versa in combination with mineral oil),
can be a significantly better solution as
well as a possible alternative to once-and-
twice treatment with abamectin + mineral
oil, in cases of severe and prolonged
attack by C. pyri.

In the case of a lesser attack from
this pest, single treatment with Envidor®
240 SC or Movento® 100 SC in
combination with mineral oil may be
enough to keep the pest population at an
economically safe level. The inclusion of
Envidor® 240 SC and Movento® 100 SC
in the strategy for controlling the
populations of C. pyri by single application
or in a scheme with other products will
make the latter more flexible and more
reliable in controlling this key pest.
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PE3IOME

AknvaTunzaumaTa e efHa OT Hai-
KPUTMYHUTE CTBMKU B NpoLeca Ha MUKpO-
pasmHOxaBaHe. Llenta Ha HacTOALWOTO
npoyyBaHe e fda ce u3cnensaTl Bb3MOX-
HOCTUTE 3a ONTUMMU3MpPAaHe Ha akIumatu-
3aumsiTa Ha in vitro pasmMHOXaBaHWu pac-
TEHWSA 4pe3 npuiaraHe Ha HOBO MOKO-
neHve OGuOCTMMYNaTopu C ecTecTBeH
npousxon — PeronnaHt u  CTtumno
(Agrobiotech, Ukraina). Te3n 6uoCTUMY-
naTopu cbAbpXaT MeTabonuTHN NpPoayK-
TW OT in Vitro KynTUBMPAHETO Ha eHA0UT-
HY rbOM, U30NIMPaHN OT KOPEHUTE Ha XEeH-
WeH. 3a uenTta Ha HacToALWOTO NpoyyBa-
He MWKPOPa3MHOXEHW U BKOPEHEHW pac-
TeHns oT kpywoBarta nognoxka OHF 333
(Pyrus communis L.) ca TpetupaHu c
pasTBopu Ha PeronnaHt unm CTtumno B
koHueHTpauun 50 pl It wam 100 pl 1™
KoHTponHWTE pacTeHuss ca TpeTupaHu
camo ¢ Bofa, 6e3 gobaBka Ha pPacTeXHu
perynatopu. Bcuukm pacteHus ca 3aca-
OeHn BBbB hopmu 3a pascaj, B TopceHo

SUMMARY

Acclimatization is one of the key
steps in the micropropagation process.
The aim of the present investigation is to
study the possibilty to improve
acclimatization of micropropagated plants
by new generation of plant biostimulators
of natural origin — Regoplant and Stimpo
(Agrobiotech, Ukraina).

These biostimulators contain metabolism
products of in vitro cultivation of
endophyte fungus, isolated from ginseng
roots. For the purpose of this study
micropropagated and rooted plantlets
from pear rootstock OHF 333 (Pyrus
communis L.) are treated with Regoplant
or Stim?o in concentrations 50 pl I or
100 pl I,

Plantlets treated with distilled water
(without plant growth regulators) serve as
a control sample. Multi-cell bedding plant
trays filled with peat: perlite (1:1) are used
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nepnuteH cyobctpaT (1:1) n KynTMBupaHu
BbB (ouTOCTaTHa Kamepa c hoTonepuos
16 vaca (150 pumol m?s™t PPFD) n Bucoka
BnaxHocTt. Ha 30-a geH cnep TpeTupaHe-
TO ca OTYeTeHW CrefHUTE nokasartesiu:
cBeXa M cyxa Maca, CbAbpXaHue Ha
(POTOCUMHTETUYHM  MUTMEHTU, AHTUOKCU-
JaHTHa aKTMBHOCT M XnopodunHa gnyo-
pecueHumns. Haii-gobpn pesyntatm ca
nosly4eHn Npu pacTeHuaTa, TpeTupaHn ¢
50 pl I* Peronnanr.

Kntoyosu AyMmn: MWKpPO-
pasMHOXaBaHe, akimmaTusauus, Kpya,
6uoctumynartopu, PeronnaHT, CTumno

yBO/[,

KnoHa/lHOTO MUKpopasMHOXaBaHe
in vitro e ediekTMBeH MeToh 3a nosy-
YyaBaHe Ha rosiiM 6poil LeHHWN reHoTUMo-
Be. lMpn MHOro BMAOBE, OCOGEHO NpuU
ObpBeCHUTE, MUKPOPa3MHOXaBaHeTo e
OorpaHuM4yeHo nopagn TpyAHOCTUTE npwu
BKOpEHABaHe W rosemuTe 3arybu npu
aganTMpaHe Ha in vitro pacTeHusTa KbMm
ex vitro ycnosus. MNpwu in vitro kyntusupa-
HETO MUKpopacTeHusiTa ce OTrnexaart B
Ma/iki, MNJbTHO 3aTBOPEHM CbAOBE C
BMCOKa BJIAXHOCT, cnab rasoobmMeH c
OKO/lHaTa cpefa, OTHOCUTESTHO HUCHBK
WHTEH3WUTET CBET/IHA U B MPUCHLCTBMETO
Ha €eK30reHHM 3axapu. B pesyntar Ha
TOBa, B Kpas Ha CBET/IMHHMA Mepuog B
KynTypasHuTe cbAOBE Ce HaTtpynsaT ra-
3000pa3Hy TOKCMYHM NPOAYKTM KaTo eTu-
NeH, a pacTeHuaTa UsNUTBaT HEZOCTUT Ha
CO,. Te3n cneynduyHn ycnosms BoAAT
[0 aHopMasiHa Mopdho10rus, aHaToMus 1
dmsnonorna Ha pacteHuaTa. Cneg npe-
XBBPNAHETO UM OT in Vitro KbM ex Vvitro
YCNOBMS, pacTeHusita Tpsbsa ga Kopuru-
paTt Te3n aHoMa/ MM 1 Aa ce Npucnoco6aT
KbM HOBWUTE ycnoBus. o Tasu npuynHa

aknumaTtuzauuaTa e egHa  OT  Haii-
KpUTUYHWUTE CTBMKM B npoueca Ha
MUKpOpa3MHoXaBaHe. 3a MoBKLLIABaHe

NpexuBsieMocTTa W OUefsiBaHETO Ha
pacTeHuaTa cref uU3BakaaHeTo UM OT
KynTypasiHuTe CcbAoBe, ce npwunarat
pasfiMyH1  NOAXoAM KaTo 3aceH4yBaHe,
TpeTupaHe C aHTUTPaHCNUPaHTA 1 ap.

for acclimatization. Plants were kept in a
growth chamber under 16 h photoperiod
(150 pmol m? s* PPFD) and high
humidity. Data on fresh and dry matter,
mean number of roots per plant, stem and
root length, photosynthetic pigments,
antioxidant  activity and  chlorophyll
fluorescence are collected 30 days after
treatment. The best result is obtained with

plants treated with 50 pl It Regoplant.

Keywords:
acclimatization,
Regoplant, Stimpo

micropropagation,

pear, biostimulators,

INTRODUCTION

In vitro propagation is an efficient
method for large scale production of
valuable species. In many species,
especially in woody plants,
micropropagation is limited due to rooting
difficulties and the low survival rate of the
plantlets during the ex vitro
acclimatization. During in vitro conditions,
plantlets grow under specific climatic
conditions — in small tightly closed vessels
with high air humidity, low gas exchange
and thus a CO,-shortage during almost
the  whole photoperiod, ethylene
production and relatively low light
intensity, in a culture medium with a large
concentration of sugar.

These special conditions result in the
formation of plants with abnormal
morphology, anatomy and physiology.

After the transfer from in vitro to ex vitro
conditions, plants have to correct the
abnormalities and to acclimatize to the
new environments in the greenhouse or in
the field. Acclimatization is one of the key
steps in the micropropagation process.

Some approaches are often used to
increase plant survival rate after
transplanting, such as natural light
shading, antitranspirant application for
reducing plant transpiration etc.
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PeronnaHt n Ctumno ca 6uocTtu-
My/slaTopy C €eCTecTBeH npousxon. Tex-
HUAT MeXaHW3bM Ha [eicTBMe Ce OCHO-
BaBa Ha CUHEpPrnyHus edoekT Ha meTabo-
JIUTHU NPOAYKTU OT KYyNTUBMPAHETO Ha
eHAOIUTHN TbON — MUKPOMULLETH, U30/N-
paHn OT KOPEHMTE Ha >XEHLWEH W aB.e-
PCEKTUH — BMOJIOTMYEH NPOAYKT C NpOTK-
Bonapa3uTtHo peiicteue  (Agrobiotech,
Ukraina, http://www.agrobiotech.com.ua).

KpywosaTta nognoxka OHF 333
(Pyrus communis L. ‘Old Home' x
‘Farmingdale’) e ¢ ymepeH pacTtex, gobpa
CbBMECTMMOCT C TOBEYETO KPYLLIOBU
copToBe M cnabo 4yBCTBUTESIHA KbM
orHeH npurop (Van der Zwet and Beer,
1995; Wertheim, 2002). Pa3mHOXaBa ce
CpaBHUTENIHO TPYAHO 4pe3 pesHUuU unm
MUKpOPa3sMHOXaBaHe, kaTo  0COGEeHOo
npob6aemMHo e BKkopeHsBaHeTo (Jones and
Webster, 1989).

Lilenta Ha HacTOsILLLOTO Npoy4yBaHe e
[a ce u3cnedBaTt Bb3MOXHOCTWUTE 3a ONTy-
MU3VpaHe Ha aknMMaTu3aumsTa Ha MUKpPO-
Pa3MHOXEHW pacTeHust OT  KpylloBaTa
nognoxka OHF 333 upe3 npunaraHe Ha
HOBO NnoKosieHne npUpPOAHM
6uoctumynatopu — PeronnaHt u Ctumno
(Agrobiotech, Ukraina).

MATEPVAJT N METOOU

M3cnegBaHuaTa ca npoBefeHn C
Kpywosata nognoxka OHF 333 (Pyrus
communis L. ‘Old Home’ x ‘Farmingdale’).
In vitro pacTeHuaTa ca Ky/JTMBUMPaHN BbLB
dwmTocTaTHa Kamepa C TemnepaTypa
22+2°C un cpotonepuog 16/8 uaca (40
umol m?s™ PPFD, 6enu chnyopecLeHTH!
namnn OSRAM, 40 W). BpbxuyeTtaTa C
BMCOYMHA 0KOs10 30 mm ca 3as/10KeHn 3a
BKOPEHSAIBAHE B MOJIMNPONUIEHOBU CbAO0-
Be CbC 3efleH UNTbP, OcurypsisaLl
rasoobmeH 81,35 GE/day (Microbox,
Belgium). BbB BCekn cbg (600 ml) Ha 100
ml XxpaHuTenHa cpefa ca 3as10keHun no 10
BpbxyeTta. Ha 14-na geH pacrteHusaTta ca
MHOrO  [06pe BKOpPEHeHWM W  cnep
u3BaxpgaHe OT arapa Cce noTanAt B
pa3TBOp Ha CbLOTBETHUA npenapart 3a 10
MUHYTU. M3nutaHn ca  crnegHute

Plant growth stimulators Regoplant
and Stimpo are composite natural plant
biostimulators. Their action is based on
synergic  effect of products  of
biotechnological cultivation of fungi-
micromycetes from root system of
ginseng and aversectine — biological
product with antiparasitic action
(Agrobiotech, Ukraina,
http://www.agrobiotech.com.ua).

The pear rootstock OHF 333 (Pyrus

cuommunis L. ‘Old Home’ X
‘Farmingdale’) has moderate growth,
good compatibility with most pear

varieties and is slightly susceptible to fire
blight (Van der Zwet and Beer, 1995;
Wertheim, 2002). It is relatively difficult to
propagate through cuttings or
micropropagation,  especially  rooting
(Jones and Webster, 1989).

The aim of the present investigation
is to study the possibility of improving
acclimatization of micropropagated plants
by new generation of plant growth
stimulators of natural origin — Regoplant
and Stimpo (Agrobiotech, Ukraina).

MATERIAL AND METHODS

The experiments are carried out
with plants of pear rootstock OHF 333
(Pyrus communis L. ‘Old Home' x
‘Farmingdale’). In vitro plantlets are
cultivated in a growth chamber at 22+2°C
and 16 h photoperiod (40 pmol m? s*
PPFD, fluorescent tubes OSRAM, 40 W).
Shoot tips (30 mm) are set for rooting in
polypropylene  vessels with  green
antibacterial filter (gas exchange rate
81,35 GE/day, Microbox, Belgium). In
each vessel (600 ml) onto 100 ml nutrient
medium 10 shoots are inoculated. On the
14™ day, the plants are very well rooted
and, after being removed from the agar,
are treated by dipping in a solution of
Regoplant or Stimpo for 10 minutes. As a
control sample served microshoots dipped
in water.
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BapnaHTu:

1. KoHTpona — gectnnvpaHa Boaa;

2. PeronnanT - 5 0 pl I (R1);

3. PeronnaHT - 100 pl I'* (R2);

4. Ctumno - 50 pl I (S1);

5. CTumno - 100 pl I (S2).

PacTeHuaTa ca 3acafieHn BbB hopmu
3a pascag (105 rHe3ga) B TopdheH cybeTpar
C nep/auT (2:1) 1 KyNTMBMpaHW B pacTexHa
Kamepa npu Temnepartypa 22+2°C wu
doTonepuog 16/8 uvaca cotonepuog (150
pmol m? s* PPFD, 6enn dhayopecLeHTHU
namnn OSRAM, 40 W) 1 BUCOKa BIaXXHOCT
3a OBe ceAMuLUM, crief, KOeTO BaxHocTTa
MOCTENeHHO Ce NMoHWXaBa.

Pesyntatute ca otyeteHn Ha 30-u
[JeH KaTo ca n3mMepeHu GuoMeTpuyHuTE no-
KasaTtesiv, CbAbpXaHNeTo Ha (poTocuHTe-
TUYHU MUITMEHTU U XsopodmnHata dnyo-
pecueHums. HenocpeacTBeHO cnepf U3Bax-
JaHe oT cybcTpara ce onpefensa ceexara
Maca Ha pacTteHuaTa (FW) — TerniosHo.
Cyxata Maca Ha pacteHuaTa (DW) ce
onpegens TErnOBHO Cnej u3cyllaBaHe Ha
pactutenHua matepuan npu 80 °C 3a 48 h
(Beadle, 1993).

®OTOCUMHTETUYHNTE NUTMEHTU Ca EKC-
TpaxupaHn Ha TbMHO, C oxnazeH go 4 °C
85% (v/v) auetoH, B NPUCBLCTBMETO Ha
CaCOj;. OnTuyeckaTa NABLTHOCT Ha Nony4ve-
HWUTe n3B/leun e onpegesieHa cnekTpodoTo-
MeTpUYHO npyn 663 nm, 644 nm un 440 nm
cnej, ueHtpodyyrmpaHe Ha ekcTpakTute npu
4500 g 3a 10 min. KosmyecTBOTO Ha
NArMeHTUTE € N34nCceHo no opmMynnTe Ha
Lichtenthaler n Wellburn (1983) n e
npeacTaseHo kato mg g™ ceexa maca.

MapaveTpute Ha XxopodunHaTa
dhnyopecLeHUma ca onpefesieHn ¢ UMny’s-
CHO MogynupaH cnyopomeTsbp MINI-PAM
(Heinz Walz, Germany) Ha nbpsute (OT
Bbpxa Hagosy) Hanb/HO OhOPMEHU SINCTa,
HeoTKbCHaTM oOT cTbbnoto. Cneg 30-
MWHYTHa TbMHUWHHA ajanTauus Ha nucrarta
ce onpegena HavanHarta cyopecueHums
(Fo) n makcumanHa cnyopecueHumsa (F),
Ha 6a3ara Ha KOUTO anaparbT aBTOMATUYHO
usuncnsasa noTeHunanHata (OTOXMMUYHA
aKTMBHOCT Ha ®C2 — Y = (F, - Fo)/F,, (Genty
et al., 1989).

C nomowyTa Ha anapaTta ca CHeTu
6bpP3N  CBET/IMHHU KPUBW, KOWUTO Aasar

Variants:

1. Control — distilled water;

2. 50 pl I Regoplant (R1);

3. 100 ul I'" Regoplant (R2);

4. 50 pl I'* Stimpo (S1);

5. 100 ul I Stimpo (S2).

Multi-cell bedding plant trays filled
with peat: perlite (1:1) are used for
acclimatization. Plants are kept in growth
chamber at 22+2°C under 16 h
photoperiod (150 pmol m? s* PPFD,
fluorescent tubes OSRAM, 40 W) and
high humidity conditions for 2 weeks and
then humidity was gradually decreased.

After 30 days in ex vitro conditions
growth parameters, physiological and
biochemical analysis are performed.

Fresh weight of whole plants (FW) is
determined immediately after removing
the plants from the soil. The dry weight of
plants (DW) is measured after drying the
material at 80 °C for 48 h (Beadle, 1993).

The photosynthetic pigments are
extracted in the dark, with cooled to 4 ° C
85% (v/v) acetone, in the presence of
CaCOs;. The optical density of the
obtained extracts is determined
spectrophotometrically at 663 nm, 644 nm
and 440 nm after centrifugation of the
extracts at 4500 g for 10 min. The content
of photosynthetic pigments is calculated
according to Lichtenthaler and Wellburn
(1983) and expressed in mg g fresh
weight of sample.

The chlorophyll fluorescence is
measured by MINI-PAM, Heinz Walz,
Germany on the first (top-down) fully
formed unattached leaves. After 30 min in
the dark initial (Fy) and, maximal
fluorescence (F,) are measured and
overall quantum yield of photochemical
energy conversion (Yield) Y = (F, - Fo)/Fn,
(Genty et al., 1989) is calculated.

Rapid light curves are generated
with the MINI-PAM and photosynthetic
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UHhOpMaLUs 3a CKOPOCTTa Ha e/TeKTPOHHMS
TpaHcnopTt npe3 ®C2 (ETR = Y*0.5.0AP*0.84)
B peanHo Bpeme (Handbook of operation
with MINI-PAM, 1996).

AHTMOKCUJAHTHATa aKTMBHOCT e
onpegeneHa no metoga Ha Yen and Chen
(1995) n wusumcneHa no Rossi et al.
(2003).

3a Bceku BapuaHT ca 3a/10)KeHu No
30 pacTeHus, KaTto EeKCNepuUMEeHTbT e
3a/10KeH ABYKpaTHO. MonyyeHuTe pesysi-
TaTn ca 06paboTeHn ypes AMCNepCcUoHEH
aHanm3 (One-way ANOVA) u Duncan
TECT NPV HUBO Ha 3Ha4YNMOCT 95%.

PE3YJITATN N OBCBXAJAHE

Owe Ha 14-ua pgeH cnep
TpeTupaHeto ¢ PeronnaHt n Ctumno ca
YCTAHOBEHU BUAMMU pasnuky  Mexay

BapvaHTUTe KaTo C Hai-gobbp crtatyc ce
OoT/IM4aBaT pacTeHusiTa, TpeTmpaHu ¢ 50
ul I PeronnaHT (durypa 1).

Control

electron transport rates (ETR) are
calculated from chlorophyll fluorescence
(ETR = YxPARx0.5x0.84) (Handbook of
operation with MINI-PAM, 1996).

Antioxidant activity is determined
according to the method of Yen and Chen
(1995) and the percentage of DPPH radical
scavenging capacity was calculated
according to Rossi et al. (2003).

The experiment is conducted twice
with 30 explants for variant. Statistical
analyses were carried out by One-Way
ANOVA using Duncan’s test to validate
the different significance at p = 95%.

RESULTS AND DISCUSSION
As early as the 14th day after
treatment with Regoplant and Stimpo,
apparent differences are found between
the variants, with the best status
distinguishing the plants treated with 50 pl
I Regoplant (Figure 1).

dur. 1. 06w, u3rnes Ha KpywoBuTe pacTeHus, TpeTupaHu c Regoplant nnam
Stimpo 14 gHW crieq TpeTMpaHeTo U NPeEXBBbP/IAHETO UM B €X Vitro yc/oBus

Fig. 1. General view of the pear plants, treated with 50 pl I Regoplant or 50 pl I
Stimpo 14 days after transplanting to ex vitro conditions

Control - distilled water; R1 - 50 pl I'* Regoplant; R2 - 100 pl I'* Regoplant; S1 - 50 ul I'* Stimpo;
S2-100 pl I Stimpo

Pesyntatute B Kpas Ha agantayusita Ha
30-na geH noTBbpXAaBaT ToBa Habsto-
AeHue. Tpy BCUYKM TPeTUpaHu BapuaHTu
€ YCTaHOBEHO HaTpynBaHe Ha noBeye
ceexa (FW) u cyxa (DW) maca B
CpaBHeHMe ¢ KoHTponaTa (Purypa 2). C
Hali-BMCOKM CTOMHOCTW Ce OoT/u4yasar
pacteHusATa, TpetupaHu c¢ 50 pl I

The results at the end of the
acclimatization (30th day) confirm this
observation. In all treated variants, higher
fresh (FW) and dry (DW) weight
accumulation is observed compared to
the control sample (Figure 2). The
highest values are recorded for plants
treated with 50 pl " Regogplant (R1)
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Peronnant (R1) (Tabnuuya 1, durypa 2), | (Table 1, Figure 2), followed by those of
cnefiBaHM OT Te3n OT BapuaHT cbC | the variant treated with 100 pl I Stimpoo

Ctumno (S2). (S2).
0.4 a
b
st bc
4 C
0.2 d
0.1
0 T T T T T 1"/
c R1 R2 S1 S2
\_ s

dur. 2. CBexa maca Ha pacTeHusaTa (g) 30 gHWM cnep TpeTupaHe ¢ PeronsiaHT uam
CTuMNo 1 NpexBbP/ISiHE B X Vitro ycrioBusi

Fig. 2. Fresh weight of one pear plant (g), treated with Regoplant or Stimpo 30
days after transplanting to ex vitro conditions

C - control; R1 - 50 pl I Regoplant; R2 - 100 pl I'* Regoplant; S1 - 50 ul I Stimpo; S2 - 100 pl I'* Stimpo.
PasnnuyHute 6ykBu Npu BCsKa KOsloHa NokassaT fokasaHa pasnvka no AbHkaH (P<0.05)

Different letters within each column indicates significant difference (P<0.05) by DMRT

Tabnuua 1. BMoOMEeTPUYHU N BUOXMMUHWN NOKa3aTeNn Ha pacTeHusl, TpeTupaHm ¢
PeronnaHT nnn Ctumno 30 gHW cnep TpeTvpaHe U NPexBbpsiHe B ex Vitro
yCnoBus

Table 1. Growth and biochemical parameters of plants, treated with Regoplant
and Stimpo 30 days after treatment and transplanting to ex vitro conditions

BapuaHTty DW DW/FW DPPH Yield
Variants g % % Y=Fv/IFm
Control (C) 0,0515+0,001° 45,01+1,48" 21,44+1,76° 0.768

50u pl I Regoplant (R1) 0,1190 +0,022* 33,64 +1,50° 20,82 +2,20° 0.803
100 pl I'* Regoplant (R2) 0,0809 +0,001° 38,11 +2,10°® 2594 +0,63% 0.779
50 pl I Stimpo (S1) 0,06 + 0,004 3593+0,45° 21,31+0,50° 0.776
100 pl I'* Stimpo (S2) 0,0972 + 0.005° 37,19+1,66° 26,37 +499° 0.783

*Pas3nnyHuTe GyKBU MpU BCSKa KOJIOHA NOKa3BaT foka3aHa pasnvka no AbHkaH (P<0.05)
Different letters within each column indicates significant difference (P<0.05) by DMRT

Ceexa maca (FW) u cyxa maca Ha 1 pacteHue (DW), DPPH — aHTUOKCMAAHTHA aKTUBHOCT;
MoTeHyunanHa oTOXUMMNYHA aKTUBHOCT (kBaHTOB f06w1B) Ha ®CII — Yield (Y= Fv/Fm)

Fresh weight (FW) and dry weight (DW) were based on one plant. DPPH (%)-radical scavenging
capacity; Maximum quantum yield of photosystem Il - Yield — (Y = Fv/ Fm)

FW Ha egHO pacTeHue, TpeTmpaHo Fresh weight (FW) of plant, treated
¢ 50 pl I'* PeronnanT (R1), e Tpu nbTu no- | with 50 pl " Regoplant (R1), is three
ronsima, a DW gBa nbTu OT KOHTPO/HWS | times greater and dry weight (DW) is two
BapnaHT (Tabnuua 1, durypa 2). |times greater than the control variant
MpoueHTHLT Ha cyxa cnpsamo ceexa maca | (Table 1, Figure 2). The ratio of DW to
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(DW/FW) He ce pasnnyaBa CblLLECTBEHO
npu pacTeHusaTa, TpeTupaHun ¢ PeronnaHt
n CTUMNO, HO € CbLIECTBEHO MNO-BUCOK
npu koHTponarta (Tabnuua 1).
Hali-BMCOKM CTOMHOCTU Ha hoTo-
CUHTETUYHMTE MUIMEHTU Ca OTYETEHW B
qctaTa Ha pacTeHusTa, TPeTUpaHu Cbe
Ctumvno B pgosa 100 pl I cnepBaHu oT
KOHTponaTa v BapuaHTa ¢ PeronsiaHt 100
pl I Mpn BapuaHta R1 (50 pl I* Pero-
NnaaHT) CbObPXaHMETO Ha 06l X/I0po-
domn e Hali-HUCKOo. ToBa Hail-BEPOSATHO ce
ObXKN Ha (pakTa, Ye MnosyvyeHuTe CTOM-
HOCTWM ca onpefeneHn Ha 6asa cBexa
Maca, a MMEHHO TO3M BapuaHT ce OT/iMyaBa
C MakcumasHa cToliHocT Ha FW. ToBa e
NMOTBBLPAEHO OT peauua Apyru aBTopw
(Fujiwara et al. 1992; Pospisilova 1996).
Mogo6Ha TeHAeHUUs ce Habnoaa-
Ba M Npu kapoTeHougute, 6e3 ga mma
CTaTUCTUYECKM JOKa3aHa pasnvka Mexay
BapuaHTuTe. CboTHOwWweHuATa xn.a/ xn. b
n 06w, xnopocun/kaporeHouan ca B
rpaHMUUTE Ha HOpMa npu  BCUYKM
uscnefBaHu sapuaHTu (Tabnuua 2).

FW does not differ significantly in the
plants treated with Regoplant or Stimpo
but is significantly higher in the control
(Table 1).

The highest values of
photosynthetic pigments are recorded in
the leaves of the plants treated by
Stympo at a dose of 100 pl I", followed
by the control and the variants with 100 pl
I~ Regoplant.

The total chlorophyll content in
variant R1 (50 pl I Regoplant) is the
lowest. This is most likely due to the fact
that the values obtained are determined
on fresh weight basis, namely that this
variant has a maximum value of FW. This
is well documented by other authors
(Fujiwara et al. 1992; Pospisilova 1996).

A similar trend is observed in
carotenoids, with no statistically proven
difference between the variants. The ratio
of chl.a/chl.b. and total chlorophyll/carotenoids
are within the normal range for all tested
variants (Table 2).

Tabnuua 2. CbabpXaHne Ha POTOCUHTETUYHU NUTMEHTN (Mg g'l FW) B nucrata
Ha KPYyLWOBW pacTeHusa, TpeTmpaHun c Peronniant v Ctumno 30 gHU cnep
TpeTupaHe N NpexBbp/isHE B €X Vitro ycnosus

Table 2. The content of photosynthetic pigments (mg g* FW) in the leaves of
pear plants treated by Regoplant or Stimpo 30 days after treatment and

transplanting to ex vitro conditions

BapuaHTu Chla Chlb Chl (a+b) Carotenoides Chl (at+b)/Car
Variants mgg'FW mgg'FW mgg'FW mgg'Fw Chl a/Chl b
Control (C) 3,09+0,14® 1,03%0,03" 4,44+0,10® 1,24+0,09° 2,99+0,22" 3,58+0,19°
50p pl I Regoplant (R1)  2,31+0,40°  0,78+0,04° 3,33+0,46° 0,94+0,18* 2,92+0,35® 3,58+0,21°
100 pl I Regoplant (R2)  3,09+0,01%° 1,01+0,08" 4,39+0,08%®° 1,29+0,02° 3,07+0,25° 3,39+0,13"
50 pl I'* Stimpo (S1) 2,66+0,53° 0,90+0,17° 3,81+0,76" 1,10+0,22®° 2,95+0,03® 3,45+0,02%
100 pl I Stimpo (S2) 3,62+0,19° 1,53+0,26° 5,54+0,52° 1,33+0,04% 2,41+0,29" 4,15+0,51°

*PasnnuHuTe 6yKBU NPU BCSAKA KOSIOHA NoKas3Bart JokasaHa passnvka no AbHkaH (P<0.05)
Different letters within each column indicates significant difference (P<0.05) by DMRT

O6Lwarta aHTUOKCHMAAHTHA aKTUBHOCT
(DPPH) He ce pasnunyaBa CbLLECTBEHO Npu
n3nuTaHuTe TpeTnpanua (Tabnuua 1).

KeaHTOBMAT pobue (Y) e mspka 3a
noTeHuvanHata OOTOXMMMYHATA aKTuB-
HOCT Ha ®C2 npu TbMHMHHO aganTupaHu
pacteHusl. B Hawwus cnyyain gaHHUTe no-
KasBar, 4ye B iMctara Ha MUKpopacTeHus-
Ta (poToCUHTETMUHATa (PYHKUUS e nopo-
6peHa He3HauuTenHo npu TpeTupaHuTe

Total antioxidant activity (DPPH)
does not differ significantly in the tested
treatments (Table 1).

Quantum vyield of photochemical
energy conversion (Y) is an indicator of
photochemical activity of Photosystem I
in dark-adapted plants. In our experiment,
the results show that the photosynthetic
function in the leaves of the plants is
negligibly improved in the treated plants.
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pacteHua. Pa3nvkata mexagy BapuaHTu-
Te He ca fjoKa3aHu cTatucTnyeckn. Cunta
ce, ye CTOlHOCTK B rpaHuumTe 0.75-0.83
ca xapakTepHu 3a 3gpasu nmcta (Bolhar-
Nordenkampf and Oquist, 1993). MNMpeacTa-
BeHUTe B Tabnuua 1 gaHHW NokaseaT, 4ye B
uscneaBaHuTe pacTteHuss (TpeTupaHu wu
KOHTPO/IHN) He ca KOoHCTaTupaHu Cbliyec-
TBEHU M3MEHEHUs B NoTeHumanHarta ¢oTo-
XUMUYHA aKTUBHOCT Ha ®C2.

Bbp3vTe CBETAMHHU KpuBM Npepo-
CTaBAT WHJopMauua 3a CcKopocTTa Ha
eneKTpoHHuA TpaHcnopT (ETR) npe3 ®C2 un
Jasar npejctaBa 3a NNacTUYHOCTTa Ha
(POTOCUHTETUTUYHUSA anapaT KbM HapacT-
Balla MHTEH3UBHOCT Ha cseT/iMHaTa (White
and Critchley, 1999). CtoiiHocTuTe Ha ETR
npu pacTeHusTa, TpetupaHu ¢ 50 ul It
Peronnant (R1) 1 50 pl I* Ctumno (S1) ca
Mo-BUCOKM B CpaBHEHME C KOHTposaTa
(Purypa 3).

The difference between the variants is
not statistically proven. Values ranging
from 0.75 to 0.83 are characteristic of
healthy leaves (Bolhar-Nordenkampf and
Oquist, 1993). The results presented in
Table 1 show that not significant
alterations are found in the
photochemical potential of Photosystem I
in the test plants (treated and control).

The rapid light curves provide
information about the electronic transport
rate (ETR) trough Photosystem Il and
give information about the plasticity of the
photosynthetic  apparatus to  the
increasing intensity of the light (White and
Critchley, 1999). The values of ETR in
plants treated with pl I* Regoplant (R1)
and 50 pl It Stimpo (S1) are higher than
the controls (Figure 3).

ETR

0 200

400 600

=== Control

800 1000 1200 1400

B Stimpo =—h==Regoplant

dur. 3. CKOpOCT Ha (POTOCUHTETUYHNA efieKTpoHeH TpaHcnopT (ETR) Ha
pacteHus, TpeTupaHu ¢ 50 pl I'* PeronnaHT unu 50 pl I'* Ctumno 30 gHu cnep,
npexBbp/sHeE B eX Vitro ycnosus

Fig. 3. Apparent electron transport rate (ETR) of plants, treated with 50 pl I*
Regoplant or 50 pll™* Stimpo 30 days after transplanting to ex vitro conditions

3HaunTeNIHO No-BMcoKaTa cBexa u
cyxa maca, no-rofleMusitT KBaHToB A06u1B
(Y) n ETR npu pacTeHusita, TpeTupaHu ¢
50 pl I" PeronnaHT (R1), Hn paBat
OCHOBaHWe Ja npeanosiokum, 4ye Tesu

The significantly higher FW and
DW, larger quantum yield (Y) and ETR in
plants treated with 50 pl I Ragoplant
(R1) give us a reason to suppose that
these plants have more intensive
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pacTeHus UMat No-MHTEH3UBHA POTOCKH-
Te3a, HaTpynsar Mo-6bLP30 6Gumomaca wu
no-necHo ca npeogonenn crpeca oOT
NPexBbPIAHETO OT in Vitro KbM ex vitro
ycnosus. 3atoBa buxme MOrniv ga npeno-
pbyame npunaraHeTo Ha PeronnaHTt npu
aknumaTusaumusaTa Ha in vitro pacteHumaTa
3a Mo-/1IeCHO NpMcnoco6siBaHe KbM HOBU-
Te yc/oBUS.

n3BOAN

MpunaraHeTo Ha GuocTMMynartopa
C ectecTtBeH npousxon PeronnaHt B
KoHUeHTpaumsa 50 ul I*  cTumynupa
pactexa v nofobpsiea aknvMarusaumaTa
Ha  MUKPOPa3MHOXEHW pacTeHus oT
KpywoBata nognoxka OHF 333 (Pyrus
communis L.).

BNATO4APHOCTU

Mpenapatute PeronnaHt n Ctumno
ca nwbe3HO npegocTaBeHW OT  akaf,.
Cepreii [lOHOMapeHKO B pamKiTe Ha

npoekT AHTC/YkpaiiHa/01/9 3a AByCTpaHHO
CbTpyAHU4ecTso Mexay bbarapya u
YKpaiiHa, dmHaHcupaH oT ®oHg ,Hay4yHu
nscnegsaHna“® koM  MWHUCTEPCTBO Ha
o6pa3oBaHVeTo 1 HaykaTa, bbarapus.

photosynthesis, accumulate more
effective biomass and more easily
overcome stress from the transfer from in
vitro to ex vitro conditions. Therefore, we
could recommend the use of Regoplant in
the acclimatization of in vitro cultivated
plants for easier acclimatization to new ex
vitro conditions.

CONCLUSIONS

The application of biostimulator of
natural origin Regoplant (50 pl I") could
significantly stimulate the growth and
improve the acclimatization of
micropropagated pear rootstock OHF 333
plants (Pyrus communis L.).
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