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PE3IOME

OTrnexgaHeTo Ha pacTUTENHN Kys-
TYpM 3a XpaHa, BbpXy NMOYBM 3aMbPCEHN C
TEXKA MeTann, Cb3faBa CEpPUO3EH PUCK
3a 34paBeTo Ha xopaTa W XXMBOTHMUTE.
[lekopaTuBHmuTe pacTeHus wmorat jga
6baat gobpa anTepHaTMBa 3a 3ambpce-
HUTe palioHn. TaretecbT e aTpakTuBeH
BUA4, nNoaxogsw, 3a OTrexjaHe Ha
OTKpUTW Niowu. Llenta Ha npoy4sBaHeTo e
[a ce yCTaHOBM B/IMSHWETO Ha TEXKuTe
MeTasin Cd, Al n Zn Bbpxy pactexa u
pa3BuTMETO Ha Tareteca (Tagetes patula
L.). PacteHuaTa (copt ‘Janie Primrose’)
6sixa OTr/iefaHn B CbAOBe, NMpPU OpaHxe-
puiiHn ycnosus. MeTanuTte 65ixa BHECEHU
B NMOYBEHMSA cybCcTpaT nog dopmara Ha
COMeBN pasTBOPU B KpaWHW KOHLEHTpa-
uuM, CbOTBETCTBAWM Ha  NpefesnHo
ponyctumaTta KoHueHTpaums (MAK) 3a
cTpaHara, No-HUCKW N NO-BUCOKN OT Hesl.
OTunTaHn 6sxa BUMCOUMHATA W LUMpMHATA
Ha pacTeHuWsaTa, W Ob/XMHaTa U
AvamMeTbpa Ha KOpeHuTe. YCTaHOBEHO
felwe, 4Ye Mpu 3ambpcsiBaHE C BCUYKU
U3NUTaHM KoHueHTpauum Ha Cd un Al, n
npu HMBa Ha Zn po NAK (pH Ha nousata
6.2), pa3mepuTe Ha pacTeHusTa He ce

SUMMARY

Cultivation of food crops on soils
contaminated with heavy metals may
cause a serious risk for human and
animal health. The ornamental plants can
be a good alternative for polluted areas.

Marigold is an attractive flower species,
appropriate for growing in open fields. The
aim of this study was to determine the
influence of heavy metals Cd, Al and Zn
on growth and development of marigold
(Tagetes patula L.). The plants (cv. ‘Janie
Primrose’) were grown in containers at
greenhouse conditions. The metals were
introduced into the soil in the form of salt
solutions at final concentrations
corresponding to maximum permissible
concentration (MPC) for the country,
lower and higher than it.

Height and width of the plants and root
length and diameter were measured. It
was established that at soil substrates
contaminated with any of the tested Cd
and Al concentrations (soil pH 6.2) and
with Zn at levels below and at MPC, plant
height and width were not affected, in
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nosnusiBat 3HaumTenHo. CTtumynunpaHe Ha
pacTexa 6ewe HabnogaBaHo BbB (hasa-
Ta Ha Beretauus, Npu 0O3M Ha MeTanuTe
po NAK. He 6saxa 3abensizaHn OTK/IOHE-
HWS NPU HaCTbNBAHETO U MPOABLIXUTEN-
HOCTTa Ha (pasute OyTOHM3aAUMS W
ubgTex. MNpn TpeTupaHe ¢ KOHLEHTPaUUK
Ha Zn npesuwasBawu MNAK, pacteHuaTa
3arMHaxa BbB (pa3a Ha UbgTex. [MNpwu
BCMYKM ao3nm Ha Cd, Al m Zn 6saxa
HabnwgaBaHW M3MEHEHMS B KOpeHoBaTta
cuctemMa. Te ce nposiBMXa Kato CWJ/IHO
CKbCSIBaHE Ha LEHTpaslHUA KOpPEeH W
pacTex Ha yAb/hDKeHW CTPaHWYHU KOPEHMW.
MonyyeHnTe pesyntatm nokasear, u4e
n3cneaBaHNAT COpPT Taretec e TofiepaH-
TEH KbM BMCOKW HMBA Ha 3aMbpcsiBaHe C
Cd n Al, HO e CUNHO YyBCTBUTE/IEH KbM
KOHUeHTpauun Ha Zn Hapg MAK.

KntovoBn aymn: Taretec, TexXKu
MeTanu, KagMmuid, anyMUHWUIA, LMHK

YBO/

3ambpcaBaHeTO Ha no4ysuTe
C TEXKN MeTa/i1 € enH OT CbBpe-
MEHHUTe npob6sieMn Ha OkKosiHaTa
cpefa, Ab/kalw, ce Ha ypbaHusa-
unAtTa. 3amMbpceHuTe panioHu ca
npegMMHo B 61M30CT OO0 Maruc-
Tpanu, MWHW, NpeanpuaTua 3a
npepaboTka Ha Te4YHW ropmea 1 ap.

HaTtpynBaHeTo Ha  TexXku
MeTa/IM B MOYBUTE € OonacHo 3a
3emMefesiCKoTo MpPou3BOACTBO, MO-
pagn HebnaronpuaTHOTO Bb3AEW-
CTBUE BBbPXY KAYECTBOTO Ha Ky/TYy-
puTe, XMBoTa Ha NOYBEHUTE MUK-
poopraHM3aMn n 6esonacHocTTa Ha
XpaHuTe 3a 34paBeTo Ha xoparta U’
XNBOTHUTE. HSKOM TEXKU MeTann
kato Cu, Zn, Fe, Mn, Mo, Ni and
Co BbB o131ON0MMYHM KOHLEHTpa-
LN M3NBJIHABAT BaXXHU (PYHKUUM B
pacTeHNEeTO Kato MUKPOEeNeMeHTU
N EeH3NMHM KOohakTopu, HO npwu

comparison to controls grown on non-
contaminated substrate.

Variations in the timing of bud formation
and flowering were not noticed. Plants
treated with Zn exceeding MPC died in
the stage of flowering.

At all concentrations of Cd, Al and Zn,
changes of root system were observed.
They appeared as reduction of the length
of the central root and enhanced growth
of elongated lateral roots.

The obtained results suggested that, at
applied cultivation  conditions, the
investigated marigold cultivar is tolerant to
high levels of Al and Cd, but is highly
sensitive to Zn exceeding MPC.
Key words: Marigold,
metals, cadmium, aluminum, zinc

INTRODUCTION

Soil pollution with heavy
metals is one of nowadays
environmental problems related to
urbanization. In most cases the
contaminated areas are in vicinity
to industrial sites, highways,
mines, fuel processing enterprises
and others.

The accumulation of heavy
metals in the soils is dangerous for
the agricultural production due to
unfavorable effects on crop quality
and vyield, life of the soil
microorganisms and on food safety
for humans and animals.

heavy

In  physiological concentrations
some heavy metals such as Cu,
Zn, Fe, Mn, Mo, Ni and Co play
important  functions as trace
elements and enzyme cofactors,
but at elevated levels may cause
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MOBULUEHN KOHLEHTpauun morat
fa pgosejar [0 HeobpaTummn
MeTab0/IMTHN HapyLLIEeHUA U CMBbPT
(Nagajyoti et al., 2010)

EAHM OT OCHOBHUTE 3aMbp-
CUTENN Ha oOKo/Hata cpeja,
0COGEHO B palioHM CbC 3acuneHa
aHTponoreHHa geiiHoct ca Cd, Zn,
Pb, Cr, Hg. 3ambpcsaBaHeTo C
BUCOKM 003U OT Te3n TEeXKU
mMeTanu, kakto u ¢ Ni, Cu, Co, Mn,
As n Fe ce cuuta 3a 0cob6eHO
BpegHo (Nagajyoti et al., 2010).

3aMbpceHUTe C TEXKN MeTa-
nv naowy B 3anagHa EBpona ca
okosio 140 000 ha (McGrath,
1998). ¥ Hac 3amMbpceHUTE MOYBU
C TEXKM MeTaNn U MmeTasiongn Hag,
npefenHo AonycTUMUTE  KOHLIEH-
Tpauun (NMAK) Bb3nmnsar Ha 43 660
ha, koeto npeactasnasa 0.7% ot
3emegesickute  Teputopunm  Ha
cTpaHata. OT Tax 7 985 ha ca
3aMbpCeHn C nosevye OT 5 MbTU
Hag MNAK, ocHoBHO ¢ Pb, Cd, Cu,
Zn un As (Dinev et al., 2008).

Bucokn HuBa Ha Zn n Cd B
noysarta npeamn3BMKBaT CEPUO3HU
OTK/IOHEHUSI BBbB (PU3NOMOTUYHUTE
npouecu, HapyLleHua Ha Hopmasl-
HATE MeTabosIMTHU (OYHKUUK B
pacTteHusTa u BoAAaT A0 oeHoTun-
HN un3meHeHns (Cakmak and
Marshner, 1993; Sanita di Toppi
and Gabbrielli, 1999). MNpoy4yBaHu-
ATa ca nokasann, Yye (PUTOTOKCUY-
HOCTTa Ha Te3n [ABa MeTana ce
n3passiBa B 3abaBsHe Ha pacrexa
N pa3BUTUETO, HapyllaBaHe 06Ms-
HaTa Ha BellecTBaTa WU CTUMY/IU-
paHe Ha HebnaronpuaTHU npoue-
CY, Ob/KaLLM ce Ha oKcuaaTuBeH

irreversible metabolic disturbances
and death of the plant (Nagajyoti et
al., 2010).

Cadmium, Zn, Pb, Cr and Hg
are the main polluters of the
environment, especially in areas
with increased human activity.
Contamination with high doses of
these heavy metals, as well as with
Ni, Cu, Co, Mn, As and Fe are
considered as particularly harmful
(Nagajyoti et al., 2010).

In Western Europe the areas
polluted with heavy metals are
about 140 000 ha (McGrath, 1998).
In Bulgaria the soils contaminated
with heavy metals and metalloids
exceeding maximum permissible
concentrations (MPC) amounted to
43 660 ha, which represents 0.7%
of the agricultural territory of the
country. About 8000 ha are
contaminated with more than 5
times MPC, mainly Pb, Cd, Cu, Zn
and As (Dinev et al., 2008).

High levels of Zn and Cd in
the soil can cause serious
physiological disorders, violations
of normal metabolic functions in
the plant and may lead to
phenotypic changes (Cakmak and
Marshner, 1993; Sanita di Toppi
and Gabbrielli, 1999).

Studies have shown that the
phytotoxicity of these two metals is
commonly expressed in retarded
growth and development,
metabolic disruption and
stimulation of adverse processes
related to induction of oxidative
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ctpec (Cakmak and Marshner,
1993; Prasad et al., 1999). Vima
CBeeHNs, Ye BUCOKN KOHLUEHTpa-
unn Ha Cd B noyBata 3aTpyaHsaBaT
npuemaHeto Ha Ca, Mg, K, P wu
BogaTta (Das et al., 1997). N3nu-
WHKbT Ha Cd Boan fo 3abaBsHe U
NnoATNCKaHe Ha pacTexa W pasBu-
TMETO Ha KOpeHuTe M HaA3eMHUTe
4yacTm Ha pacTeHueTo, KOeTo B
peguua cnydanm moxe pfga obae
netasiHo (Lux et al., 2001).

B HAKOM 3aMbpCceHn Noysu ca
N3MEepeHn  3HAYUTEsSIHO  BUCOKU
KOHLeHTpauumm Ha Zn — B AnanasoH
oT 150 — 300 mg.kg™ (Warne et al.,
2008). Bwucokute HMBa Ha Zn
noaruckar peguua MeTabosIUTHU
npouecu, BoAAT A0 3abaBsHe Ha
pacTexa 1 NpUUYNHABAT paHHo cTa-
peeHe. LiMHKoOBaTa TOKCUYHOCT B
pacTeHusATa orpaHvyaBa pacTexa
Ha KOpeHuTe N HaA3eMHUTe opra-
H1n (Choi et al., 1996; Ebbs and
Kochian, 1997; Fontes and Cox,
1998) n BogM [0 Xx/nopo3a Ha Mno-
MaauTe nincTa, KoATo cref npo-
OBb/DKUTENHO U3naraHe Ha BUCOKM
HMBa Ha Zn MOXe pga ce
pasnpocTpaHy U KbM MO-CTapute
nucta (Ebbs and Kochian, 1997).

XapakTepHo 3a (OMTOTOKCUY-
HocTTa Ha Al e, ye Ta ce nposiBABa
npun kncenn noysn (¢ pH nopg 5.5).
HebnaronpuaTHOTO B/IMSHME Ce
oTpassBa NpegyuMHO Ha KOpeHoBa-
Ta cucTema, HO nospegun morat ga
ce nosBAT CbWO Mo cTbbnara,
nicTaTta u LBeToBeTe. YCTaHOBEHN
ca 3HauyuTeNIHN reHoTUNHO 06yCso-
BEHM MNPOSABM Ha TOMEPaHTHOCT U
YyBCTBUTE/IHOCT Ha CeJICKOCTO-

stress (Cakmak and Marshner,
1993; Prasad et al., 1999). High
Cd levels in the soil can prevent
the uptake of Ca, Mg, K, P and
water (Das et al., 1997).

The excess of Cd inhibits the
growth and development of roots
and the aerial parts of the plant,
which can even be lethal (Lux et
al., 2001)

In some contaminated soils
significantly high concentrations of
Zn (in range from 150 to 300
mg.kg?) have been detected
(Warne et al., 2008). High levels of
Zn suppress various metabolic
processes, negatively affect the
growth and  stimulate early
senescence. Zinc toxicity in plants
restricts the growth of roots and
above-ground organs (Choi et al.,
1996; Ebbs and Kochian, 1997,
Fontes and Cox, 1998), and leads
to chlorosis of young leaves which,
at prolonged exposure to this
contaminant may spread toward
the older leaves (Ebbs and
Kochian, 1997).

Typical for Al phytotoxicity is
that it is expressed on plants
growing in acidic soils (pH below
5.5). The detrimental influence
occurs primarily in the root system,
but the damage can affect also the
stems, leaves and flowers.
Significant genotype related
differences in the tolerance and
sensitivity of agricultural crops to
high Al levels have been
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NaHCKUTE KYNTypu KbM MOBULLIEHN
HMBa Ha Al (Berzonsky, 1992;
Meriflo-Gergichevich et al., 2010).
TokcnyHOTO Bb3gelicTBme Ha Al e
CbMPOBOAEHO C  OKcuaaTuBeEH
CTpec, HamasisiBaHe Ha (POTOCUH-
TeTMyHata akTMBHOCT, HeraTuBeH
epekT  BbpXy MeTabonuTHuTe
NpoLLeCU B KOPEHUTE N 3aTpygHEHO
nor/blaHe Ha Bo4a U XpaHUTENHN
BewectBa (Merifio-Gergichevich et
al., 2010).

KyntuBupaHeTo Ha pacTeHus
HenpeAHasHayeHn 3a KOHcymauus
e eAuH OT nogxoauTe 3a peluasa-
He Ha npobniema C M3Mos3BaHETO
Ha 3aMbpCeHn TepuTopun 1 ga ce
Hamasim pucka B  €KOJIoTNYeH
acnekt. dutopemegmnaumsTa, 4ypes
oTrnexaaHe Ha pacTeHus crnocob-
HW fa HatpynsaT TeXKU MeTan U
Ja v obesBpexpgaT, ypes3 TpaHc-
dopmnpaHe B 6e3BpeaHN 3a pac-
TEHVWETO CbeAunHeHUs e edekTu-
BEH Moaxoj 3a npeyncrTBaHe Ha
noysuTe OT TeXKN MeTanm (Salt et
al., 1995; McGrath, 1996; Susarla
et al., 2002; Nagajyoti et al., 2010).

JekopatnsHute pacteHus
mMoraT fga 6baar noaxogAwm 3a
O3e/leHsiBaHe Ha 3aMbpCeHu C
TEXKN MeTa/In 30HU, HO CBefleHus-
Ta 3a Bb3MOXHOCTTa 3a oTriexaa-
He Ha eHOro4VLIHN LBETHN BUAO-
BE BbPXYy 3aMbpCeHW MOoYBM ca
He3afoBouUTeNnHU. VHdopmauns-
Ta 3a epekta Ha TexkuTe meTan
BbPXY XU3HEHUSA UUKb/ Ha LBeTH-
Ta 1 3a TOJIepaHTHOCTTa Ha Te3n
pacTeHns KbM MOBULLEHN HMBA Ha
3amMbpcsaBaHe e orpaHuyeHa. Ef-
HoroguwHaTa JekopaTuBHa KynTy-

established (Berzonsky, 1992;
Merifio-Gergichevich et al., 2010).

The toxic effect of Al s
accompanied with oxidative stress,
decrease of photosynthetic activity,
negative  deviations in  the
metabolic processes in the roots
and impeded absorption of water
and nutrients (Merifio-Gergichevich
et al., 2010).

Cultivation of plants not used
by humans and animals food is an
option to mitigate the problem with
the use of contaminated areas and
to reduce the risk in environmental
aspect.  Phytoremediation, by
growing plants that are able to
accumulate heavy metals and
detoxify them by transformation

into harmless for the plant
compounds, is an efficient
approach for restoration and

utilization of polluted soils (Salt et
al., 1995; McGrath, 1996; Susarla
et al., 2002; Nagajyoti et al., 2010).

The ornamental plants can be
suitable for landscaping of polluted
with heavy metals areas. However,
limited information is available
about the effect of heavy metals on
the life cycle of flowers and their
tolerance to elevated levels of
contamination. The possibility for
growing annual flowers in polluted
soils has not been satisfactory
researched.

Marigold (Tagetes patula L.) is an
attractive  ornamental  species
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pa Taretec € arTpakTuBeH BuA,

noaxodsl, 3a OTIexgaHe Ha
OTKPUTM  naown. KVima  Hakou
EKCNepMMEHTa/IHA  AaHHM  3a

peakuMsata Ha Tagetes patula,
copt ‘Roodkapje’ wn Ageratum
houstonianum npu oTrnexaaHeTo
MM BBbpPXy MNOYBM 3aMbpPCEHU C
pasnn4yHM KOHUeHTpaumn Ha Pb,
Zn, Cu N TEexHU KOMOUHaLMW.
OTyeTeH e cTumynupal, edpekT Ha
HUCKM [031N OT MeTa/inTe BbPXY
6posi Ha cbuBeTusaTa (Ilvanova et
al., 2007). MNpwn NOBULLIEHN KOHLIEH-
Tpauun ca HabnwgaBaHu Mopdlo-
JIOTUY4HN M3MEHeHUs Ha cTbbnata
n uBetoBeTe. Pe3yntatute ca
nokasasiv, Ye BUCOKMN 031 Ha Cu 1
Pb wuHXxmbupaT pasButnMeTo Ha
CTbOs1IeHn  wm3pacTbum  npu  T.
patula u A. houstonianum.
YcTtaHOBEeHa € TeHAeHUMs KbM
HamasifiBaHe 6pos Ha uBeToBeTe C
yBe/inyaBaHe KOHUeHTpauusata Ha
MeTasiMTe, kato npu T. patula
NHXNBUpaHeTo Ha pacTtexa
poctura go 12.9% npu Cu, 35,5%
npu Zn n 38,7% npu Pb. B
CpaBHEHWe C  HeTpeTupaHuTe
pacTteHus, npu A. houstonianum
oTrnegaH B npucbeTBre Ha Cu, Zn
n Pb ca HabnwopgaBaHu no-cnabo
n3paseHo NoATMCKaHe Ha pacTexa
(8o 4.8%) n He3HauuTesnieH eqoekT
BbpXy (peHoTunHata nposiBa Ha
pacteHusaTta (lvanova et al., 2007).
B Agpyrm npoydBaHua Tagetes
erecta e oTrnexgaH B cakcum c
N3KYCTBEHO 3aMbpCeHa royBa C
KOHUeHTpaumm Ha Cd 1, 5 n 10
mg.m™~ noysa u Pb 100, 500 wu
1000 mg.m'3 noysa. lpu uscnea-

suitable for growing in open field.
Some experimental data for the
reaction of Tagetes patula, cv.
'Roodkapje’ and Ageratum
houstonianum cultivated on soils
contaminated with different
concentrations of Pb, Zn, Cu and
their combinations have been
reported.

It has been found that low doses of
these metals exert stimulating
effect on the number of
inflorescences (lvanova et al.,
2007). At elevated concentrations
morphological changes of the
stems and flowers have been
observed. The results have also
shown that high doses of Cu and
Pb inhibit the branching in both T.
patula and A. houstonianum.
Concomitant with the increase of
the concentration of the metals, the
number of flowers has been
reduced. For T. patula the growth
inhibition has been 12.9% at Cu,
35.5% at Zn and 38.7% at Pb. In
comparison to non-treated plants,
in A. houstonianum grown in
presence of Cu, Zn and Pb, less
expressed growth inhibition (up to
4.8%) and negligible effect on the
phenotypic appearance of the
plants has been documented
(lvanova et al., 2007).

In other studies Tagetes erecta
has been cultivated in pots with
soils contaminated with Cd
concentrations of 1, 5 and 10
mg.m™ soil and Pb of 100, 500 and
1000 mg.m™ soil. In the tested
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BaHWTEe COPTOBE HaM-BUCOKO Cb-
AbpxaHue Ha Cd e 6uno m3mepe-
HO B /iucTara, no-mMasikm KoJim4ecT-
Ba B CcTbbsata M Hal-HUCKN HMBA
ca YCTaHOBEHM B CblBeTUATA.
MopobHa TeHAEHUMA Ha akymy/iv-
paHe e HabnwpgasaHa 1 npu Pb.
N3cnepBaHuTe copTtoBe Ha
Tagetes erecta ca npenopbyaHu
3a Bb3CTaHOBABAHE Ha [MOYBMU,
3aMbpPCEHN C TE3N TEXKN MeTasn
(Bosiacki, 2009). CwbuiecTtByBar
HAKOW [AaHHW 3a BJIMSHMETO Ha
TEXKN MeTasim W  npu  Apyru
e HOroANLHN AeKopaTuBHU BUAO-
Be. Taka Hanpumep, npu Salvia
splendens e ycTtaHOBEHO, 4e BUCO-
Ka CTerneH Ha 3aMbpcsBaHe CbC
conn Ha Pb, Zn n Cu Bogu po
HamasiiBaHe Ha BMCOYMHATa Ha
pacTeHusATa ” pegyumpaHe Ha
6posA Ha CTpaHUYHWUTE pasK/oHe-
HuA (Atanassova and Zapryanova,
2009). MopobHn edhekTn Ha Te3u
MeTasim ca HabnwogasaHu v npu
Callistephus sinensis, HO He e
OTYETEHO B/IMSIHUE BbPXY BPEMETO
Ha OyToHM3auua ©n  UbdTeXx
(lvanova et al., 2006). B
npoyyBaHWsa C pacTeHusa oT Zinnia
marylandica, cv. ‘Zahara Yellow’
OTrniefaHn B CakCun C NOYBEH Cy6-
cTpart 3ambpceH ¢ Cd n Pb 6ewwe
yCTaHOBEHA TO/IEPAHTHOCT Ha TO3M
COpT UMHMS KbM HumBa Ha Cd
npesuwasawm MAK n yyscTBuTen-
HOCT KbM pgo3n Ha Pb Hag MAK
(Milusheva et al., 2015). He ca Hu
M3BECTHN CBeAEeHWs 3a B/IMAHMETO
Ha Al Bbpxy pacTexa u pas3BuTMeTo
Ha Tagetes patula wn pgpyru
eAHOroAMLLIHN AeKopaTVBHY BUAOBE.

varieties the highest content of Cd
has been measured in leaves, less
in the stems and the lowest has
been found in the inflorescences.

In presence of Pb similar tendency
of metal accumulation has been
detected. The studied varieties of
Tagetes erecta have been
recommended for restoration of
soils contaminated with these
heavy metals (Bosiacki, 2009). For
other annual ornamentals, for
example Salvia splendens, it has
been reported that treatment with
solutions containing high
concentrations of Pb, Zn and Cu
leads to diminution of plant height
and reduction of the number of
lateral branches (Atanassova and
Zapryanova, 2009). Similar growth
suppression effect of the same
metals has been established on
Callistephus  sinensis but no
changes in the timing of bud
formation and flowering of this
species have been observed
(lvanova et al., 2006).

In studies with Zinnia marylandica,
cv. 'Zahara Yellow’, grown in pots
with soil substrate contaminated
with Cd and Pb, a tolerance of this
cultivar to Cd levels exceeding
MPC and sensitivity to doses of Pb
over MPC was established
(Milusheva et al.,, 2015). No
information is available about the
influence of Al on growth and
development of Tagetes patula
and other annual ornamental
species.
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Kato usano, wuscnepgsaHusTa
nokassar, 4e [MOBeAeHNeTOo Ha
pacTeHussTa B YC/I0BMA Ha CTpec
OT TEXKN MeTasl1 3aBUCU B rosiimMa
cTerneH OT reHoTuna, HuMBara Ha
TeXKMTe MeTa/im B no4ysata W
crnocobHocTTa da  norabuiar,
ycBOsiBAT W [eToKcuKupar Tesn
XUMUYECKN eNNeMEHTN.

Llenta Ha HacToAWOTO npo-
yuyBaHe € fa ce yCTaHOBW BINSAHN-
eTo Ha Texkute metanun Cd, Al u
Zn BbpXy pactexa u pasBuUTUETO
Ha TareTec (Tagetes patula L.).

MATEPVAN N METO4U

Onutute 68xa n3BefeHM B
WHcTuTyTa No fekopaTtuBHU pacTte-
Hua (MAP), Codwmsa, ¢ TareTec
(Tagetes patula L.), copt ‘Janie
Primrose’. CemeHata 6s1xa 3acatu
B cybcTpaTr OT noysa un Topoh B
cboTHoweHne 1:1.Cnep nosBarta
Ha nNbpBUTE CBLUMHCKA JIUCTa,
pacteHuAaTa 6sxa MUKUpaHn B
cakcuu, BCSKa OT KOMTO CbAbpxa
350 g cybetpar ¢ pH 6.2 1 KOH-
aykTmBHocT 0.49 mS.cm™ TpeTu-
paHeTo Ha pacTeHusTa C TEeXKU
MeTanm 6ewle M3BbpweHo 20 AHK
cnef nuKMpaHeTo Ha pascaja.
Texknte metann Al, Cd n Zn 6sxa
BHECEHW B MoYBeHaTa cMecka Nnop,
doopmara Ha pa3TBopwu Ha cyndar-
HK conn — ¢ no 100 ml pa3TBop 3a
nocTUraHe Ha KpaihHW KOHUEeHTpa-
uun Ha conute B cybcTpaTa CboT-
BeTcTBawy Ha [AK, no-HUCKn wu
Mo-BUCOKN OT Hes. KakTo crejsa:
CdSO, -1, 2 (NA4K), 50, 100 n 250
mg.kg? nousa, Alx(SOs)s; - 5,10
(MAK),100, 200 n 500 mg.kg *

Cumulatively the studies
indicate that the plant behavior
under heavy metal stress is to a
large extent dependent on the
genotype, the levels of heavy
metals in the soil and the ability of
the plants to acquire and detoxify
these chemical elements.

The aim of this study was to
explore the influence of the heavy
metals Cd, Al and Zn on the
growth and development of
marigold (Tagetes patula L.).

MATERIAL AND METHODS

The experiments were carried
out in the Institute of Ornamental
Plants (IOP), Sofia with marigold
(Tagetes patula L.), cv. 'Janie
Primrose’. The seeds were sown in
a substrate consisting of soil and
peat in ratio 1:1. After the
appearance of the first true leaf the
plants were transferred in pots,
each containing 350 g of the
substrate with pH 6.2 and
conductivity 0.49 mS.cm™. Twenty
days after the transfer the plants
were treated with a range of
concentrations of heavy metals.
The metals Al, Cd and Zn were
introduced into the soil mixture in
the form of solutions of sulfate
salts. For achieving final
concentrations of the salts in the
substrate corresponding to the
MPC, lower and higher than it, 100
ml of stock solutions were used.
The final concentrations were as
follows: CdSO, - 1, 2 (MPC), 50,

100 and 250 mg.kg™ soil; Al,(SO4)3
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ZnS0O, — 100, 250 (NAK), 3500,
7000 n 27500 mg.kg™. PacTeHus-
Ta ca OTrnexaaHn B opaHxepus
npu TemnepaTtypa Ha Bb3gyxa
npe3  BeretaumoHHUA  Nepuopg,
21-22 °C n Ha nousaTa 19-20 °C;
npe3 nepvoga Ha OpMUpaHETOo
Ha LBETHUTe OYTOHW Temnepary-
paTta Ha Bb3gyxa 6elle nogabpxa-
Ha B Auanas3oH 25-27 °C, a Ha
nousata 19-23 °C. Bb3gywwHarta
BNaXHOCT B oOpaHxepudata e
noaabpxaHa okosio 70% 3a uenva
nepuos Ha eKkcrnepumeHTta, npu
ecTecTBeH (potonepuog 3a mece-
unTe ot anpwn Ao tonu. PacteHu-
ATa ca nosmeaHu pefoBHo ¢ 200
ml Boga Ha cakcus. KoHTposHuTe
pacteHusa ca OTriefaHn npu Cb-
LnTe ycnoBms HO He ca TpeTupa-
HWN C TEXKN MeTasln.

EekTbT Ha Texknute metanu
BbpXy pacTexa u pasBUTUETO Ha
Tareteca e onpegesiiH 4pes un3-
MepBaHMA Ha BUCOYMHATA W
luMprHaTa Ha pacTeHusTa u Kope-
HUTe. /3BbpLueHn ca HabnaeHns
3a nposiBa Ha TOKCUMYHOCT MO
nictara u uBeToBeTe M BPEMETO
Ha 6yTOHM3aunsa n ubdTex. [eko-
paTVBHUTE KayecTBa Ha pacTeHu-
ATa ca OLEeHEeHN BU3YasTHO.

MpeactaBeHuTe 6GUOMETPUY-
HW OaHHM ca cHeTu Ha 40" peH
cnef TpeTupaHeTo C MeTaslHuTe
conn. CTolHocTUTE B rpaduknte
ca cpefHUM OT 2 He3aBUCUMU
ekcnepumeHTta, Bceku c no 10
noBTOpeHMs 3a BapuaHT. O6pa-
6oTKata Ha AaHHUTE e U3BbpLUeHa
¢ Microsoft Office Excel. Beptu-

- 5.10 (MPC) 100, 200 and 500
mg.kg™? soil and ZnSO, - 100, 250
(MPC), 3500, 7000 and 27500
mg.kg™* soil. The pots were placed

in plastic greenhouse at air
temperature  during vegetative
stage 21-22° C and soil

temperature 19-20° C; during bud
formation and flowering the air
temperature was 25°-27° C and
soil temperature was 19°-23° C.
The relative air humidity in the
greenhouse  was maintained
around 70% for the entire period of
the experiment, under natural
photoperiod for the months from
April to July. The plants were
watered regularly with 200 ml
water per pot. Control plants were
grown at the same conditions but
were not treated with heavy
metals.

The effect of heavy metals on
the growth and development of
marigold was estimated by the
biometrical indexes length and
width of the plant and length and
diameter of roots. Information on
the influence of the metals on the
occurrence of phenological phases
bud formation and flowering was
collected by visual observations.
The ornamental qualities of the
plants were also visually
evaluated.

The presented data were
collected 40 days post treatments.
The values in the graphs are
means of two independent
experiments each consisting of 10
replicates per variant of treatment.
Data processing was performed
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Ka/lHUTe JIMHUM Ha CTb/ib4veTarta
BbB churypn 1, 4 n 5 nokasear
CTOMHOCTUTE Ha CTaHA4apTHOTO
OTK/IOHEHMe (£SD)

PE3YNTATN N OBCBXOAHE
B TOBa npoyyBaHe e TecTu-
paHo BnusHMeTo Ha Al, Cd n Zn
BbpPXy pacrtexa M pa3sBUTUETO Ha
Taretec (Tagetes patula), copTt
‘Janie Primrose’ npu oTrnexpaHe
BbpXy MOYBEH CybCTpart, B KOWTO
TEXKUTE MeTa/ln OsiXxa BHECEeHU
nog coopmata Ha Alx(SO4)3, CdSO,
n ZnSO,. lNoBegeHneTo Ha pacre-
HUATa B 3aMbpCeHNTE noysu belue
CpaBHABAHO C TOBa Ha HeTpeTtupa-
Hata KOHTpo/sia u C ediekta Ha
KOHUEHTpauun Ha MeTanuTte CbOoT-
BeTcTBawn Ha MNAaK.
YcTtaHoBeHo Gelue, ye 40 gHu
cnep TpeTupaHeTo C KOHUeHTpa-
ums Ha Zn nog MNAK (100 mg.kg™)

with Microsoft Office Excel. Vertical
lines on the bars in Figures 1, 4
and 5 show the standard deviation
(xSD).

RESULTS AND DISCUSSION

In this study the influence of
Al, Cd and Zn on growth and
development of marigold (Tagetes
patula) was tested with cv. 'Janie
Primrose’ grown on soil substrate
in which the heavy metals were
introduced in the forms of
A|2(SO4)3, CdSO4 and ZnS0y,. The
behavior of plants in contaminated
soils was compared to not-treated
control, and to the effect of
concentrations of the metals
corresponding to MPC.

It was found that 40 days
after the treatment, the height and
width of plants, in reference to non-

n pasHa Ha MAK (250 mg.kg?), | treated control, were not
BMCOYMHATA W wupuHata Ha | significantly changed at Zn
pacTeHnATa He ce MNpoMeHAaT | concentrations below MPC (100
3HauMTenHo cnpsmo Te3an Ha | mg.kgt) and equal to MPC (250
KOoHTponata (dur. 1, 2 B, C). mg.kg™?) (Fig. 1, 2 B, C).
25
£ 15
0 T T T
o O N M ) M
\00(& N\ \@@\?0 QfDQ 100 ; ,ﬁ‘)ﬁ .
<@ \(\ﬂ} ZnSO, (mg.kg™ nousa / soil)
Q\Q%‘Q " O BucounHalplant heigth

dur. 1. EcbekT Ha Zn BBbpXY NokasaTenm Ha pactexa npu Taretec (T. patula), copTt ‘Janie

Primrose’

Fig. 1. Effect of Zn on growth parameters of marigold (T. patula), cv. ‘Janie Primrose’
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Mpn 3ambpcsABaHe Ha noysara C
KOHUeHTpauumn Ha Zn 14, 28 n 110
NbTU No-BUCOKM oT MAK pacTeHus-
Ta 3arMHaxa BbB (pa3a Ha LbdTex
(Pwur. 2 D).

When the soil was polluted with Zn
dozes 14, 28 and 110 times higher
than MPC the plants died in the
stage of flowering (Fig. 2 D).

dur. 2. PacTexHn NnposiBuM BbB Pasn Ha OyTOHM3aumsa 1 LbQTeX Npu TpeTmpanu ¢ Zn, Cd n Al

pacTeHus ot T. patula, copt ‘Janie Primrose’.

(A) thasa 6yToHM3auma; (B) KoHTpona — HeTpeTupana; (C) 250 mg.kg™t ZnS0O, - NAK; (D) 3500
mg.kg™? ZnSO4; (E) 2 mg.kg™ CdSO, - MAK; (F) 50 mg.kg™? CdSOs; (G) 10 mg.kg™ Alx(SO4)s -
NAK; (H) 100 mg.kg™ Al(SO4)s. CHUMKHM B - F — thaza Ha LibTex.

Fig. 2. Growth performance in the stages of bud formation and flowering of marigold (T.
patula), cv. ‘Janie Primrose’ exposed to treatments with Zn, Cd and Al.

(A) phase of bud formation; (B) control — non-treated; (C) 250 mg.kg™ ZnSO, - MPC; (D) 3500
mg.kg? ZnSOs; (E) 2 mg.kg™ CdSO, - MPC; (F) 50 mg.kg™ CdSO.; (G) 10 mg.kg™ Alx(SO4)s -
MPC; (H) 100 mg.kg™ Alx(SO4)s. Images B - F — stage of flowering.

EbekT Ha Zn Gewe oT4yeTeH BBLPXY
pasBUTMETO Ha KopeHoBaTa cucTe-
Ma. TpeTupaHeTo C BCUYKM U3NUTa-
HW KOHUEeHTpauum Ha TOo3U MeTasl
Josefe [0 3HaYNTE/THO yBenmyaBsa-
He Ha AvamMeTbpa U CUJTHO u3pase-
HO CKbCSIBAHE Ha UeHTpaHus
KopeH. HabnogasaH 6elle 3acuieH
pacTeX Ha CTpaHU4yHU KOpeHW,
npesvwasawy Mo Ab/HKMHA Tesun
npu KoHTponata (dur. 1, 3 A, B).

An effect of Zn was established on
the development of root system.
Treatments with any tested
concentration of this metal led to
significant increase of root diameter
and well pronounced shortening of
the central root. Enhanced growth of
the lateral roots in length exceeding
that of the control was observed
(Fig. 1, 3 A, B).
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dwur. 3. BnusHue Ha MAK ot Zn, Cd n Al BbpXxy pacTtexa Ha kopeHuTe npu Taretec (T. patula),
copT ‘Janie Primrose’ (A) KOHTpona — HeTpeTupaHa; (B) 250 mg.kg® ZnS0O4; (C) 2 mg.kg™
CdSO.; (D) 10 mg.kg™ Alx(SO4)s.

Fig. 3. Influence of MPC of Zn, Cd and Al on root growth of marigold (T. patula), cv. ‘Janie
Primrose’ (A) control — non-treated; (B) 250 mg.kg™ ZnS0O,; (C) 2 mg.kg™ CdSO,; (D) mg.kg™

Aly(SOs)s.

Mpy BCUYKM KOHLIEHTpauUun Ha
CdSO,, BKAWUATENHO NoA, Hag W
npn posata Ha [MAK (gnanasoH
1-250 mg.kg™) He 6eLe ycTaHOBe-
HO B/IMAHWE BBbPXY BUCOYMHATA W
luMpMHaTa Ha TpeTupaHuTe pacTe-
HMA B CpaBHEHMEe C KOHTponara
(Pur. 2 B, E, F, 4). Kato edpekT Ha
Cd, npu KopeHoBaTa cucTema beLue
OTYETEHO yBeNnMyaBaHe Ha guame-
Thbpa nopagn passuTne Ha MHOXecC-
TBO YAb/DKEHW, HO NO-TbHKW CTpa-
HWYHN KOpeHu. HabngaBaHo 6Gelle
N CUNMHO M3pa3eHO CKbCsBaHe Ha
LUeHTpasiHus KopeH (dur. 3 A, C, 4).

At CdSO, in concentrations
ranging from 1 to 250 mg.kg™,
including lower and over MPC, an
influence of the metal on the width
and height of treated plants, in
comparison to control, was not
found (Fig. 2 B, E, F, 4). In
response to Cd, an increase of root
system diameter due to
development of a number of
elongated but thinner lateral roots
was recorded. Strongly expressed
shortening of the central root was
established (Fig. 3 A, C, 4).
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dur. 4. Edpekt Ha Cd BbpxXy nokasaTenu Ha pactexa npu taretec (T. patula), copt ‘Janie

Primrose’

Fig. 4. Effect of Cd on growth parameters of marigold (T. patula), cv. ‘Janie Primrose’
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Mo nogobue Ha pacteHuaTa
oTrnefaHn BbpXy cybcTpar 3a-
MbpceH ¢ Cd n Zn, B NpucbLCTBME
Ha Aly(SO4)s;, BUCOUMHaATA Ha
pacTeHuATa ocTaHa HenpoMeHe-
Ha, He3aBMCMMO OT MpuoXeHara
KoHUeHTpauus. Cnabo HamansiBa-
He Ha wwupuHaTta belle OTYETEHO
npu KoHUeHTpauma ot 100 mg.kg™
(Pur. 2 H, 5). YcTtaHoBeHO Oelue,
ye npu Ao3m Ha Al no-HUCKM,
paBHM Ha [MOK 1 HAKONKOKpaTHO
no-sucokn ot MNAK gbmkuHaTta Ha
KOpeHuTe Hamansasalle npubnnsu-
TEe/IHO 2 MbTW, AOKATO LUMpuHaTa
HapacTsalle noseye OT 2 MbTU B
CpaBHeHue C KoHTponata (dwur. 3
A, D, 5).

In similarity to the plants
grown on substrate contaminated
with Cd and Zn, in presence of
Alx(SOy)3, irrespective on the
concentration applied, the plant
height remained unchanged (Fig.
2 G, 5). Slight reduction of plant
width was measured at Al
concentration of 100 mg.kg™ (Fig.
2 H, 5). It was found that, in
comparison to non-treated control,
at Al doses lower, equal to MPC
and much higher than it, the root
length decreased approximately 2
folds and the root diameter
increased more than 2 folds (Fig. 3
A, D, 5).
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dur. 5. EdpekT Ha Al Bbpxy nokasatenu Ha pactexa npwu Taretec (T. patula), copT ‘Janie

Primrose’.

Fig. 5. Effect of Al on growth parameters of marigold (T. patula), cv. ‘Janie Primrose’

CtumynupaHe Ha pacTexa
BbB (paszaTa Ha Beretaums bGelue
HabnwgaBaHO NpU npunaraHeTo
Ha BCUYKN TeCTUpaHU MeTasv npu
posn nog v go NAak.

In vegetative stage the
application of all tested metals in
doses below and at MPC resulted
in stimulation of plant growth.
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B ycnosusi Ha Kucesv noysmu
Hali-ACHO HeraTtMBHO BNUSHME Ha
Al TOKCMYHOCT ce nposiBaBa npu
KopeHuTe. ToBa ce npsBABa B
HamasiiBaHe Ha Ab/hKMHaTa UM,
nopagn noATvuckaHe Ha [esieHeTo
Ha KNeTknTe B KOpeHoBaTa Mepuc-
Tema 1 Ha npoueca Ha yab/ixasa-
HeTo Ha kneTkute. [lopagn 3a-
TPYAHEHWS B NpUeMaHeTo Ha Boga
n XpaHuTesTHu BeLLecTBa,
Ab/oKkawmy ce Ha HebnaronpusaTHU
B3aMmogenctena Ha Al ¢ pgpyru
Cbe[IMHEHMA B MoyBarta KopeHuTe
06MKHOBEHO CTaBaT MO-TbHKA W
nokadpeHasar (Merifio-Gergichevich
et al., 2010). [NpeAnosioXeHo e, 4ye
pobassHeTo Ha Ca?* moxe pga
06nekun BpeaHna edpekt Ha Al
(Merifio-Gergichevich et al., 2010).
Hawute  ekcrnepumeHTn  6sxa
npoBefieHn C MNo4yBeH cybecTpar C
pH 6.2, koeTo MOXe fga 06SCHM
nincara Ha fICHO U3paseH Heratu-
BeH edoekT Ha Al BbpXy KopeHoBa-
Ta cuctemMa U Hag3eMHUTe 4yacTu
Ha pacTeHueTo, Aopy Npu 4031 Ha
MeTasnia MHorokpaTtHo Haz MNMAaK.

HamanasaHeTo Ha Ob/KMHa-
Ta Ha LUEeHTpaslHUA KOpPEeH B MNpu-
cbCcTBME Ha Al ce nposiBu CbLO
npu Cd u Zn. YcTaHoBeHaTa B
HalmTe eKCnepumMeHTU XxapakTep-
Ha ocobeHoCT B Mopdhonornara u
pactexa Ha KopeHoBaTa cucrtema
Ha Tareteca npu 3aMmbpcsBaHe Ha
noysata C BCEKU OT TPUTE TEXKMU
MeTasila npegnonara W3BECTHO
CXOACTBO B peakuusiTa Ha ToBa
pacTeHne KbM NPUIoXeHnsa cTpec.
Mpwv gpyrn Kyntypu, B NpUChbCTBME
Ha nosuweHn HMBa Ha Cd u PI

At condition of acidic soils
the negative impact of Al toxicity
occurs mainly on the roots. It is
expressed in decrease of root
length due to inhibition of cell
division in root meristem and
suppression of cell elongation.

Due to impeded uptake of water
and nutrients, provoked by
unfavorable interactions of Al with
other compounds in the soil, the
roots usually become thinner and
show browning (Merifio-
Gergichevich et al., 2010).

It has been suggested that the
addition of Ca®" can alleviate the
harmful effects of Al (Merifio-
Gergichevich et al., 2010). Our
experiments were conducted with
soil substrate with pH 6.2 which, at
least partially, may explain the lack
of negative effect of Al on the root
system and aerial parts of the
plant, even at metal levels much
over MPC.

The reduction of the length of
the central root in presence of Al
appeared also in presence of Cd
and Zn. Therefore the established
in our experiments characteristic
morphology and growth of the root
system of marigold at soil
contamination with each of the
three heavy metals suggests a
similarity in the response of this
plant to the applied stress. For
other crops, exposed to elevated
levels of Cd and Pb, morphological
changes and growth of roots in
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MOPJOIOTNYHN U3MEHEHUA U Ha-
pacTBaHe Ha KOpPeHUTe B XOPU30H-
Ta/lHa Mocoka ca OnucaHW Kato
nposiea Ha UHAyuMpaH oT MeTau-
Te oTpuuateneH reoTponu3bM
(Filippenko, 2001). jo6pe mn3pase-
HOTO CKbCSiBAHE Ha LEeHTpasHuSA
KOpeH M yAb/HKaBaHETO Ha CcTpa-
HUYHUTE KOPEHU MOXE eBeHTyasl-
HO [ia ce pasrnexja kato MexaHu-
3bM Ha aganTupaHe KbM yCoBUS-
Ta Ha NOTEHUWasIHO 3aTpyLHEeHU
OT TeXKUTe MeTasm JOCTbM A0 U
YyCBOSIBAHE Ha MUWHepasiHu erfe-
MEHTU OT nousarta. /3sacHABaHeTO
Ha TO3u npouec obadye, U3NCKBA
OOMb/IHATE/THU NMPOYYBaHNS.

B cpaBHeHMe C KOHTPO/IHUTE
pacTeHuns, He 6ele YCTaHOBEHO
BMnaHMe Ha Cd u Al Bbpxy
HacTbNBaHETO W NPOAb/DKATEN-
HOCTTa Ha (peHopa3nTe OYTOHU-
3aumsa n ubdtex. bpoaT Ha cTpa-
HUYHUTE pas3KNOHEeHUs, GPOoAT Ha
uBeToBeTe W [AeKkopaTUBHUTE Ka-
yecTBa Ha Tereteca He 6saxa Mos-
NNSHW  OT  TMPUJIOXKEHUTE  TEXKM
metanmn (dur. 2 A, B, C, E-H).
M3knoueHne 6ele OTYETEHO Npu
Zn, KbAETO nNpu KOHLUEeHTpauuu
npesnwasawy [MAK pacTteHusaTa
3arMHaxa B UbQTEXHUS nepuopg,
(Pur. 2 D). MNpun KoHUEHTpauuuTe
Ha Zn nog v npu MAK deHopa-
3UTe npoTuyaxa HOPMasiHO npwu
3anaseHa obuwa [AekopaTUBHOCT
Ha pacTteHusTa (dur. 2 A, C).
MHTepecHa nposiBa 6elle Habso-
[aBaHOTO CTUMYyNMpaHe Ha pacTte-
Xa BbB (pasara Ha Beretauus npu
KOHUeHTpauun Ha Cd, Al u Zn nog
n npu MNAK. MNogobeH edekT Ha

horizontal direction are described
as metal-induced negative
gravitropism (Filippenko, 2001).

The well expressed shortening of
the central root and the elongation
of the lateral roots might be
eventually considered as a
mechanism of adaptation to
conditions of potentially hampered
by the heavy metals access to and
acquisition of mineral elements
from the soil. The elucidation of

this process, however, requires
additional studies.
In  comparison to control

plants, no influence of Cd and Al
was detected on the onset and
duration of bud formation and of
the flowering period. Stem
branching, the number of flowers
and the ornamental quality of
marigold plants appeared
unaffected by the applied heavy
metals (Fig. 2 A, B, C, E-H).

An exception was the treatment
with  Zn in  concentrations
exceeding MPC, at which the
plants died during flowering (Fig. 2
D). Zink doses below MPC did not
cause disturbance of
phenophases and deterioration of
ornamental value (Fig. 2 A, C).

Interesting event was the
observed growth stimulation in the
vegetative stage, established at
contamination with Cd, Zn and Al
concentrations below and same as
MPC. Similar effect of low doses
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HUCKM pJo3m Ha Pb, Zn n Cu e
otbensasaH npu T. patula, copt
‘Roodkapje’, A. houstonianum u
Callistephus sinensis, copt ‘Royal
Red Ball’, kbgeto npun HUCKM HMBA
Ha Te3n MeTasim € YCTaHOBEHO
CTUMy/iIMpaHe Ha BereTaTtuBHUSA
pactex v yBenuyaBaHe Ha 6pos
Ha cbuBetndata (lvanova et al.,
2006, 2007). Cnabo un3paseHa Zn
TOKCMYHOCT e ycTaHoBeHa npu T.
patula, copt ‘Roodkapje’ (lvanova
et al.,, 2007). MNpn gpyrn KynTypw,
Hanpumep  Hellianhus  annuus
CbLWO € onucaH cnaé LMTOTOKCK-
4yeH epekT Ha MOBMLUEHN HMBA Ha
Zn (Chakravarty et al., 1992). MNMpwn
npoy4BaHUA OT Hac Taretec, copT
‘Janie Primrose’, 6elwle ycTaHOBEH
TOKCMYEH eeKkT npu Ao3n Ha Zn
npesuwasatuy MNAK n pacteHnata
3arMHaxa BbB pasa Ha ubdrex. B
ApyrM u3cnepgaHus ¢ taretec e
HabngaBaHa LMHKOBA TOKCUYHOCT
n3paseHa B OrpaHMyaBaHe Ha pac-
TeXa Ha KOpeHuTe U Haa3eMHuTe
opraHu (Choi et al., 1996).

Mpn  Zinnia  merylandica,
copt ‘Zahara Yellow’, nognoxeH
Ha Cd cTpec npu KOHUeHTpauuu
Ha mMeTasia npesyLLaBaLly noseve
ot 25 nbTu MNAK e yctaHoBeHO, 4ve
Cd Boam [0 pacTtex Ha cTbbiara
B XOPU30HTasIHa nocoka (Hanogo-
6ABallo oTpuuaTeneH reoTponu-
3bM) (Milusheva et al.,, 2015).
OTyeTeHUNAT B HACTOALNTE eKcre-
PUMEHTN XOPU3OHTASIEH pacTex
Ha CTpaHW4yHUTE KOPEeHW MoKa3sa
N3BECTHO CXOACTBO B peakumsita
Ha Tareteca B MPUCBLCTBMETO Ha
Cd, Zn n Al. EkcnepumeHT” ¢ Z.

of Pb, Zn and Cu has been
recorded in T. patula, cv.
'Roodkapje’, A. houstonianum and
Callistephus sinensis, cv. 'Royal
Red Ball', where the treatments
resulted in enhanced vegetative
growth and increased number of
flowers (Ilvanova et al., 2006,
2007). Slight Zn toxicity was
observed in T. patula, cv.
'Roodkapje’ (Ilvanova et al., 2007).
In other plants, e.g., Helianthus
annuus, a weak cytotoxic effect of
elevated levels of Zn has been
also described (Chakravarty et al.,
1992). In our experiments with
marigold cv. 'Janie Primrose’, Zn
in doses exceeding MPC was
highly toxic and plants died in a
phase of flowering.In studies with
other marigold varieties zinc
toxicity appearing in limited growth
of roots and above-ground organs
has been observed (Choi et al.,
1996).

In Zinnia marylandica, cv.
'Zahara Yellow’, subjected to Cd
stress, at concentrations of the
metal exceeding more than 25
times MPC, horizontal growth of
the stems (resembling negative
gravitropism) was established
(Milusheva et al., 2015).

The observed in current
experiments horizontal growth of
lateral roots suggests some
similarity of the reaction of
marigold to Cd, Zn and Al.
with  Z.

Experiments elegans
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elegans oTrnexgaHa B cakCcum C
noysa 3ambpceHa ¢ Cd B HuBa
5-10 nbTn Hag MAK ca nokasanu
NnoATUCKaHe Ha Kb/IHAeMOCTTa Ha
cemMeHarta, HamassiBaHe Ha AbJl-
XMHaTa Ha cTbbnara u KopeHute,
HamMansBaHe Ha 6posi Ha nNucrtarta
N HamasnsBaHe Ha KO/IM4YecTBOTO
Ha nnacTugHuTe NUIMEHTU
(Thamayanthi et al., 2011).

CobliecTByBawaTa uHgopma-
LMs SICHO NMoKa3Ba BMAoOBa W COpPTO-
Ba CNeungnYHOCT Ha peakumsita Ha
pacTeHuATa KbM BuAa Ha TEXKUS
MeTan M CTeneHTa Ha 3ambpcsiBa-
He. 3a onpegensHe Ha TONepaHT-
HOCT, YyBCTBWUTE/THOCT WAW YCTON-
YMBOCT TOBa Haslara npoyyYBaHUs
npy BCEKNW OTAeNeH TeHOoTuM,
BK/IIOUNTENTHO MNpU  AeKopaTUBHMK-
Te KyNTypw.

N3BOAU

Tagetes patula, copt ‘Janie
Primrose’ nposiBsiBa To/1epaHTHOCT
KbM noBuweHn HuBa Ha Cd wn Al
(npn pH 6.2) B noysaTta 1 € CUMHO
YyBCTBUTE/IEH KbM KOHLEHTpauum
Ha Zn, npeBuwasBawn MNAK. Ycra-
HOBEH e nofgobeH eduekt Ha Cd, Zn
n Al Bbpxy KOopeHoBaTa CUCTEMa,
nposiBABaLl, ce B CU/THO CKbCABaHe
Ha [Ab/DKMHaTa Ha UeHTpasHuA
KOPEH W pacTeXx Ha CTpaHU4yHK
KOpPEHW C [Ab/DKMHA 3HAYMTEsSTHO
npesyvLwasalla Tasn npu HeTpeTu-
paHuTe pacTeHus. [lekopaTuBHuTe
KauecTBa Ha Tareteca M nportuya-
HeTO Ha doeHohasnTe OyTOHM3a-
una 1 UbdPTEX He ce nosnuasBar
oTpUUATENIHO OT  MPWUIOXKEHUTE
KOHUeHTpaumn Ha Cd n Al, KakTto u

grown in pots with soil containing
Cd at levels 5-10 times higher than
MPC have shown inhibition of
seed germination, reduction of
stem and root length, decrease of
the number of leaves and lower
content of plastid pigments
(Thamayanthi et al., 2011).

The existing information
soundly indicates species and
cultivar  specificity of  plant

response to the type of heavy
metal and degree of soil pollution.
To determine the tolerance,
sensitivity or resistance, studies
with each individual genotype,

including ornamental crops, Iis
necessary.

CONCLUSIONS

Tagetes patula, cv. 'Janie
Primrose’ shows tolerance to

elevated levels of Cd and Al (pH of
soil substrate 6.2) and is highly
sensitive to concentrations of Zn,
exceeding MPC. Cadmium, Zn and
Al exert similar effect on the root
system appearing in a shortening
of the length of the central root and
enhanced growth of lateral roots
considerably exceeding the length
of lateral roots of non-treated
plants. The ornamental quality of
marigold, the timing and
occurrence of bud formation and
flowering were not negatively
affected by applied Cd and Al
concentrations and at Zn levels not
higher than MPC.
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npu HUBa Ha Zn He No-BUCOKU OT
MAK. MonyyeHnTe pesyntatn HU
JaBaTt OCHOBaHve fa cuntame, ye
n3CcneABaHUAT COPT Taretec e
noaxoAsL, 3a oTrnexaaHe B ycro-
BMS Ha 3aMbpcsABaHe Ha noysara
npu yctaHOBEHUTE B TOBa U3C/es-
BaHe 6e3BpegHN HMBa Ha Cd, Zn u
Al (3a Al npn nouseHo pH 6.2)

BNATOJAPHOCTU

HacTodAwoTo npoyyBaHe €
N3BBLPLUEHO B pamMKuUTe Ha OOKTOp-
cka nporpama ‘N3nutBaHe BUA-
HWETO Ha TEeXKW MeTanu BbpXy
pacTexa M pasBUTUETO Ha €efHo-
roguwHu usets’ B AP, Codus

The results give us reason to
assume that the investigated
marigold cultivar is suitable for
cultivation at the applied conditions
of soil contamination with the
established in this study harmless
doses of Cd, Zn and Al.
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PE3IOME

NivnnymbT e egHa OT BOZewmTe B
cBeTa LBeTHa KynTypa, xapakTepuaupa-
a ce C BWCOK gekopaTvBeH edekT Ha
LBETOBETE, C BUCOK KanauuteT Ha pexu-
ApaTtaumsa cnep 4bAro TpaHCNopTMpaHe U
OBNTOTPaeH XMBOT Ha OTps3aHua UBAT
BbB BOAA.

BbBeAeHn B WMH BMTPO KynTypa
ypes MCnu oT fykoBuua ca net 6barap-
CKn copta nuamym ,AHgpoc”, ,MapuHa’,
Jlonn”,  HerosaH” n ,AHa-Mapua” n 3
aveu Buga nunuvym: Lilium rhodopaeum
Delip., Lilium albanicum Griseb., Lilium
martagon L..

B npouecbT Ha cTepunmsaumsa ca
M3MOM3BaHN [Ba Buga CTepunusMpaliu
areHtn. HgCl, n NaOCIl. YcneweH 3a
BCUYKM M3NWTaHW BWUAOBE U COPTOBE €
BapnaHT 1 HgCl,- 0.1 % (1muH cnupT
CHy(OH), 3muH- HgCl,- 0.1 % un TpukpaT-
HO NPOMMBaHE Ha eKCM/aHTUTe CbC CTe-
punHa Boaa).

EkcnnaHTUTE ce NocTaBAT B cpefa
MS 6e3 pacTexHn XOPMOHM 3a YCTaHOBS-
BaHe eCTeCTBEHUs pa3MHOXWUTENEH Mpo-
Llec Ha 3a/10KEeHUSIT pacTUTeNleH maTepuarn.

Hali-BMCOK MynTUNMKALWMOHEH KO-
euLMEeHT, yCTaHOBEH 3a AMBUTE BUAOBE €
Ha Lilium albanicum Griseb — 4.68% cbcC
cpepeH 6poli HoBOOGpasyBaHW JIYKOBUYKM
5.2. Mpu 6bArapckuTe COPToBETE Hal-BMCOK
MyATUNIVKALWOHEH KOe(ULUEHT e ycTaHo-

SUMMARY

Lilium is one of the world’s leading
plant crops. It is characterised with high
ornamental value of the blossoms, as well
as high capacity of rehydration after long
period of transportation and also long life
of the cut flower in water.

Five Bulgarian Lilium
species:“Andros”, "Marina”, "Poli”,
"Negovan”, "Ana Maria” together with 3
wild Lillium species: Lilium rhodopaeum
Delip., Lilium albanicum Griseb., Lilium
martagon L., are developed by bulb
scales and are used as in vitro culture.

In the process of sterilization, two
sterilization agents are used: HgCl, and
NaOCI. A successful method for all plant
species is using HgCl,- 0.1 % var.1 (1
minute under treatment with CH,(OH), 3
minutes with HgCl,- 0.1 % and three time
rinsing of the explants with distilled water).

The explants are placed in MS
environment without growth hormones. In
that way the natural reproduction process
of the plants can be determined.

The highest multiplication
coefficient established in wild species of
Lillium is the one Lilium albanicum Griseb
has — 4.68%, with average number of new
bulbs 5.2. Among the Bulgarian varieties:
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BEH npu copt ,lMonun” — 2.22%, cbCc cpefeH
6poin HoBOOGpalyBaHu NyKOBUYKK 3,7.

KnoyoBn pgymu:  Jluanym,  UvH
BUTPO KyNnTypa, crepunusauus, Myntu-
navkaums

yBO/.

JlvnnymbT € egHa OT Bopje-
LMTEe KY/NTypn B CBETOBHOTO LiBe-
TOMPOU3BOACTBO. TOBa Ce AbJIXU
KaKTO Ha [eKopaTvBHOCTTa Ha
uBeta, Taka W Ha BWUCOKMA MY
KanauuTeT Ha pexugparauus cnep
ABbNT0  TpaHcnopTupaHe, AObAro-
TpalHWs XMBOT Ha OTpsA3aHuA
LUBAT BbB BoAa U gobpara MKOHO-
Muyeckara eqeKTMBHOCT OT OT-
rnexgaHeto my (Pandey et al.,
2009). Mo npomn3BoACTBO Ha OTpS-
3aH LBAT TOW 3aema ceamo MSCTO
B cBeTa (Kumar et al., 2007).

Mpe3 nocnegHutTe roguHU
METOAbT Ha TbKaHHUTE Ky/Typu ce
Ha/IOXM KaTo Hah-noaxodsuw, 3a
BugoseTe oT p. Jinnuym (Pelkonen,
2005). To3n meTop ce 13nos3Ba Kak-
TO 3a NoslyyaBaHe Ha Ka4yecTBeH Mo-
cagbyeH matepunan (Kanchanapoom
et al., 2011; Saifullah et al., 2010),
Taka M 3a nogAbpxaHe Ha 3apo-
AvWHa naasma oT  3acTpalleHw,
eHOUMUTHU BUAOBE (Arzate-
Ferndndez et al., 2007; Pari¢ et al.,
2011; Skori€ et al., 2014).

3a BbBexaaHe B Ky/nTypa in
Vvitro ce 13nosi3BaT pas/iMyHu pac-
TUTENHU MaTepuann: ceMeHa, CTb-
6/1eHN pe3HuUM, JNIYKOBUYKW, HO
e[MH OT Hal-LIMPOKO M3MO0S3BaHU-
Te eKCM/aHTu ca JIocnn OT JIyKO-
Buua (Chang et al., 2000; Pandey
et al., 2009; Lian et al., 2002).

Llenta Ha npoyyBaHeTo e fa

“Poli “— 2.22% with average number of
newly formed bulbs 3.7.

Key words: Lillium, in vitro culture,
sterilization, multiplication

INTRODUCTION

Lilies (Lilium) are one of the
main species used in flower
production around the world.
That's due to the following factors
— high ornamental value of the
blossoms, high rehydration
capacity after prolonged
transportation, long life of the cut
flowers in water and good
economic efficiency for cultivation
(Pandey et al., 2009). In terms of
cut flowers production, Lilies
(Lilium) takes the seventh place in
the world (Kumar et al., 2007).

In recent years, the method
for tissue cultures has proven as
being most efficient and suitable
for species of the Lilium genus
(Pelkonen, 2005). This method is
used for creation of high quality
seedlings (Kanchanapoom et al.,
2011; Saifullah et al.,, 2010), as
well as for maintaining germplasm
of endangered and endemic
species (Arzate-Fernandez et al.,
2007; Pari€ et al., 2011; Skori¢ et
al., 2014).

Different plant materials are
used for introduction in in vitro
cultures — seeds, stem cuttings,
bulbs. However one of the most
widely used explants is the bulb
scales (Chang et al., 2000; Pandey
et al., 2009; Lian et al., 2002).

The purpose of this research
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ce yCTaHOBW, €eCTeCTBEHWUs pas-
MHOXWTEJIEH NMOTEHUMan Ha 3aso-
XeHna matepuan ot Lilium, Bktou-
Ball, AVBMX BUAOBe OT dosiopaTta Ha
Bbnrapua n 6bArapcknm coprtose
Ninnnym B ycnoswms in vitro.

MATEPWNANT N METOA4WA

PactutenHuar martepuasn us-
nosnssaH B n3cneaBaHeTo ca Joc-
nn oT AykoBuunM OT nimnunym (3 au-
B/ BuAa oT pnioparta Ha bbvnrapus
n oT 5 6bArapckun copra).

Lilium rhodopaeum Delip u Lilium
albanicum Griseb ca 6ankaHcku
eHOUMUTU, BKIOYEHN B YepBeHaTta
KHUra Ha bbnrapus.

Te ca c xbnTa 6arpa Ha LUBeETO-
Bete. Lilium martagon L. He e
3almTeH B4 U ce xapakrtepusmpa
C pPO30BO YepBeHa barpa Ha LuBeTa.

CopToBeTe crnagaTr KbM rpy-
nata Ha asmatckute xuopugu.
~LAHOpPOC”, ,HerosaH” ca mMexaysu-
posu, a ,MapuHa®, ,[lonn” n ,AHa
Mapusa’ca BbTPEBUL0BN XMOpnan.

3a BbBexaaHe Ha pacTtutes-
HMUA MaTepuan B in vitro ycnosus
ca mn3nuTaHn gBa cTepunusvpaliu
areHTa: >wuBadeH AByxsiopug U
HaTpueB xunoxnopug (6enuHa
ACE) ¢ gonb/iHATENHO yYyacTue Ha
70% eTaHon M TpPUKPaTHO NMPOMU-
BaHe CbLC CTepu/iHa Boja.

M3nntaHm ca 4 BapmaHTa 3a
MOBBLPXHOCTHA CTepunusaumsa Ha
niocnure, npeacraseHu Ha
Tabnuuya 1.

Is to assess the natural generative
potential of Lilium. Test material
being used involves 3 wild species
native to Bulgaria’s Flora and 5
Bulgarian varieties of Lilium placed
in in vitro conditions.

MATERIAL AND METHODS

The plant material used in the
research includes Lilium bulb
scales taken from 3 wild species
native to Bulgaria’s Flora and 5
Bulgarian varieties. The wilds
species are as follows: Lilium
rhodopaeum Delip and Lilium
albanicum Griseb are endangered
endemic species local to the
Balkans and are included in the
Red Data Book of the Republic of
Bulgaria. Their blossoms are
colored in yellow. Lilium martagon
L. is not a protect species and its
blossoms are colored in pink-red.

The other five Lilium varieties
are part of Asian hybrids group.
“Andros” and “Negovan” are
interspecies, while “Marina”, “Poli”
and “Ana Maria” are intraspecies
hybrids.

Two sterilizing agents are
tested for the introduction of the
plant material in in vitro conditions—
Mercuric Chloride (HgCl,) and
Sodium Hypochlorite (NaOCI) (in
the form of commercial bleach
containing 4% active Chlorine) with
additional usage of 70% ethanol
and triple wash with sterile water.

Four types of surface
sterilization of the bulb scales are
tested, represented in Table 1.
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Tabnuua 1. BapyaHTu Ha cTepunsauusa Ha ilocnum oT Jiunuym
Table 1. Variants of sterilization of bulb scales Lilium

BapuaHT Ne 70% CH,(OH)s HgCl,0.1% NaOCI1% CrtepunHa H,O
Variant Ne Sterile H,O
BapwuaHT / Variant 1 1min 3 min - 3x15
BapwuaHT / Variant 2 1min 10min - 3x15
BapwuaHT / Variant 3 1min - 3 min 3x15
BapwuaHT / Variant 4 1min - 10min 3x15
CrepuanunsnpaHute eKc- The sterilizing explants are

NNaHTh ce NOCTaBAT B XpaHuUTes-
Ha cpefa cbabpxawa MS (conu un
ButamuHu)(Murashige and Skoog
1962)arap 6g/l * n 3axaposa 30g/l *
npn pH - 5.7.

PacTeHusATa ce oTrnexgar B
KyNTUBAUMOHHO MNOMeELeHne npu
Temneparypa — 22 °c, dooTone-
puog 16:8 (oeH:Houy) yaca 1 ocse-
Tnexue 30umol.m? s,

OTyeTeHu ca cnegHuUTe no-
kasaTtenu: 6poil Ha 3apaseHuTe u
CTEPU/THN eKCNaHTK1, 6poit Ha cTe-
PUTHUTE — >XM3HEHW EKCMIaHTU W
6poit HoBOOGpPa3yBaHW TYKOBUYKMU.

MyNTUNANKALUNMOHHUAT  Koe-

dnumeHT e n3uncneH no goopmy-
nata: MK%=NxA/100,
KbaeTo N — 6poit HoBOOGpasyBaHM
N34 BHKN (nlyKoBu4Km), A-%
MYATUMAULUPAHN pacTteHus
(Tsvetkov, 1998)

[aHHnTe, npeactaBeHn Ha
dourypute ca nspaseHu kato cpes-
Ha CTOMHOCT = SE OT ABa He3aBWu-
CMMW eKcnepuMeHTa, n3BedeHn B
JeceT TMNOBTOPeEHMA 3a Bapwuar.
AHannsnpaHu ca 3a JOCTOBEPHOCT
ypes t TecTt Ha nporpamara
GraphPad Prizm.

placed in  culture  medium
containing MS (salts and vitamins)
(Murashige and Skoog, 1962),
agar 6g/l * and sucrose 30g/l * at
pH - 5.7.

The plants are grown in
cultivation facilies at 22 °C,
photoperiod of 16:8 (day: night
hours) and  Illluminance  of
30umol.m? s,

The following indicators are
reported: number of infected and
sterile explants, number of sterile
and vital explants, and number of
newly formed bulbs.

The multiplication factor is
calculated wusing the following
formula: MK%=NxA/100,

where N is number of newly
formed bulbs (cuttings), A is
percentage of multiplied plants.
(Tsvetkov, 1998)

The diagrams represent
average values + SE from two
separate independent

experiments, with ten repetitions
per variant. The authenticity of the
data is analyzed through t test
using the GraphPad Prizm
software.
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PE3YJITATU N OBCBXXOAHE

HanpaBeHute un3cneaBaHusa
yCTaHOoBMXa, 4e Hal-noaxoasy,
CTepuvavpaly, areHT e XuBaudHus
asyxnopug  HgCl,, — 0,1% c
NPOABL/DKUTENHOCT Ha [AelncTBue
BbpPXY pacTuUTesIHUTe ekcnnaHtn 3
MWUH. — Bap. 1. lNpn no-gbnarna ne-
pvo4 Ha Bb3feicTeune ce nosyya-
Ba Mo-rofiiM GPO CTEPUSTHU eKc-
nAaHTu, KOUTO obaye He ca XU3He-
HA 3a Mo-HaTaTb4yHO pasBuUTME
(Tabnuun 2 n 3). 3arMBaHeToO Ha
eKCN/aHTUTE BEPOATHO Ce Ab/IKU
Ha QUTOTOKCUYHUA edeKT, KOWTO
nposassasa HgCl, (Singh and Tiwari,
1998; Pandey et al., 2009).

i3non3BaHaTta KoHUeHTauusa
Ha OennHata (NaOCIl-1%) He
nokasa no-go6pu pesynratn oT
n3nonssaHeto Ha HgCl,. Mpn Hes
ce Habngasa nonyvyasaHe Ha no-
ronsiMm 6poii HecTepuaIHU ekcniaH-
TV MPU KPaTKOTPamHOTO TpeTupaHe
M 3aHMKaBaHe Ha 0OpoAa Ha
XU3HEHUTE CTEPUSTHU eKCNIaHTu
npy yAb/kaBaHe nepuoja Ha
TpeTupaHe.

Mpn avBMTE BUAOBE NUINYM
Hali-ronsamM 6poi XMU3HEHU CTEPUNHU
eKkcniiaHtT ca nosiydeHy npu Lilium
rhodopaeum — 18 (Ta6nmua 2). OT
copToBeTe J/MIMYM C Hai-gobpu
pe3yntatn ce oTkposiBa COpT AHa-
Mapusa — 19 (Tabnuua 3).

RESULTS AND DISCUSSION

The research shows that
most effective sterilizing agent is
the Mercuric Chloride, applied at
0,1% concentration over a period
of 3 minutes on the plant explants
(Variant 1).
If it is applied for a longer period,
higher numbers of sterile explants
are produced, but they are not vital
for further growth. (Tables 2 and 3).

Destruction of explants likely due
to the phytotoxic effect of HgCI2.
(Singh and Tiwari, 1998, Pandey et
al. 2009).

The experiments involving
usage of Sodium Hypochlorite
(NaOCl-1%) in the form of
commercial bleach do not show
better results: a greater number of
non-sterile explants in the short-
term treatment and reduction of the
vital sterile  explants  during
extended treatment periods.

Within the wild varieties of
Lilium, the highest number of sterile
explants is received from Lilium
rhodopaeum -18. (Table 2). From
the Bulgarian varieties of Lilium,
best results are obtained from Ana-
Maria variety — 19 (Table 3).
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Tabnuua 2. Ctepunnsauuva npm nunvym — insu Bugose

Table 2. Sterilization at lilies — Wilds species

| oTunTaHe / | reporting Il otunTaHe / Il reporting XKuen
(5 peH / 5 days) (14 peH / 14 days) CTEpPUIHN
eKcnnaHTm
3apaseHn CrepuniHm 3apaseHun Crepunxu Bpoit
Ba Infected Sterile Infected Sterile Live sterile
praHTNe o o o o
Bpoii / Number Bpoii / Number Bpoii / Number Bpoii / Number explants
Variant Ne number
LILIUM RHODOPAEUM
Bap.1/ HgCl,0.1 % -3min/ 2 28 12 18 18
Bap.2/HgCl; 0.1 % -10min/ 0 30 5 25 10
Bap. 3/NaOCI 1 %-3min/ 13 17 22 8 8
Bap. 4/ NaOCl 1 %-10min/ 5 25 9 21 10
LILIUM ALBANICUM
Bap.1/ HgCl,0.1 % -3min/ 5 25 15 15 15
Bap.2/HgCl; 0.1 % -10min/ 0 30 10 20 13
Bap. 3/NaOCI 1 %-3min/ 17 13 21 9 9
Bap. 4/ NaOCl 1 %-10min/ 8 22 12 18 11
LILIUM MARTAGON
Bap.1/HgCI,0.1 % -3min/ 11 19 13 17 16
Bap.2/HgCl, 0.1 % -10min/ 2 28 15 15 13
Bap. 3/NaOCI 1 %-3min/ 11 17 21 9 8
Bap. 4/ NaOCl 1 %-10min/ 1 29 9 21 10
Tabnuua 3. Ctepunnsauua npu nunamym — Bbirapckn coptose
Table 3. Sterilization at lilies — Bulgarian varieties
| oTunTanHe / | reporting Il otunTane / Il reporting XKuen
(5 peH / 5 days) (14 peH / 14 days) CTEepUIHM
BapuaHTNe eKcnaHT!
3apaseHn CTepunHu 3apaseHn CrepuniHm . Epom_
Variant Ne Infected Sterile Infected Sterile Live sterile
Bpoii / Number Bpoii / Number Bpoit / Number Bpoii / Number iﬁ%ak:‘éf
AHAPOC /ANDROS
Bap.1/HgCI,0.1 % -3min/ 9 20 12 18 18
Bap.2/ HgCl, 0.1 % -10min/ 2 28 16 14 9
Bap. 3/ NaOCI 1 %-3min/ 18 12 21 8 8
Bap. 4/ NaOCI 1 %-10min/ 5 25 12 18 10
HETOBAH /NEGOVAN
Bap.1/ HgCl,0.1 % -3min/ 10 20 15 15 15
Bap.2/HgCl, 0.1 % -10min/ 0 30 17 13 9
Bap. 3/NaOCI 1 %-3min/ 16 14 26 4 4
Bap. 4/ NaOCI 1 %-10min/ 10 20 15 15 9
MAPUVHA /MARINA
Bap.1/HgCI,0.1 % -3min/ 9 21 13 17 17
Bap.2/HgCl, 0.1 % -10min/ 3 27 18 12 10
Bap. 3/NaOCI 1 %-3min/ 12 18 23 7 7
Bap. 4/ NaOCI 1 %-10min/ 5 25 14 16 8
NnoJiv /POLI
Bap.1/HgCI,0.1 % -3min/ 15 15 17 13 13
Bap.2/HgCl, 0.1 % -10min/ 6 24 18 12 10
Bap. 3/NaOCI 1 %-3min/ 19 11 25 5 5
Bap. 4/ NaOCI 1 %-10min/ 7 23 11 19 10
AHA-MAPUA /ANA MARIA
Bap.1/HgCI,0.1 % -3min/ 10 20 11 19 19
Bap.2/HgCl; 0.1 % -10min/ 5 25 15 15 9
Bap. 3/NaOCI 1 %-3min/ 14 16 22 8 8
Bap. 4/ NaOCI 1 %-10min/ 6 24 14 16 11
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B HanpaBeHOTO u3cnegsaHe
ce ycTaHOBM BuaoBa WM COpTOBa
pasnnka B npoueca Ha MyATUNAnN-
Kaumsi B MH BMTPO ycnosus. Mpu
AVBUTE BUAOBE Hal-BMCOK MY/TU-
NANKauMOHEH koegmymeT e
oT6ensasaH 3a Lilium albanicum
Griseb — 4.68% cbc cpefeH 6poii
HOBOOGpa3yBaHn JNyKOBUYKN 5.2
(Purypa 1).

Arzate-Fernandez et  al.
(2007) cbwo nonyyaBa ronAm
6poii HoBOOGpa3yBaHW TYKOBUYKM
4+0.2 ot L. maculatum var.
Bukosanense 3anaraikm un3xofa-
HUS MaTepuasn oT Mcnu, B cpeaa
6e3 pacTexHu perynatopum n Ha
CBET/O.

Mpn 6BbNArapcknTe copToBeTe
Hal-BUCOK MYNTUMN/INKALMOHEH KO-
eduUneHT e ycTaHOBEH npu copT
Sonn” — 2.22%, cbC cpeaeH 6poi
HOBOOOpasyBaHM NyKOBUYKN 3,7
(Purypa 2).

Kapoor (2008) B cBOe W3-
cnefBaHe BbpXy COpTOBE asuaT-
CKW 1 OPUEHTAJICKN Xnbpunan ycta-
HOBABAT /iMncara Ha MyATUNAx-
Kaums B cpega 6e3 yyactmeTto Ha
pacTexHun perynatopu. Stimart
and Ascher (1978) cuutat, u4e
He3aBMCMMO OT BuAa WM copTa
Jinnnym — 6posT Ha HoBOGpasyBa-
HATE JNYKOBUYKM Bapupa Mexay
3-5, KkoeTo 6e MOoTBLPAEHO U OT
HalmTe n3cnenBaHms.

During the research, the
different species and varieties
show difference in the

multiplication process in in vitro
conditions. Within the wild species,
highest multiplication coefficient is
observed in Lilium albanicum
Griseb - 4.68%, with average
number of newly formed bulbs of
5.2 (Figure 1).

Arzate-Fernandez et  al.
(2007) also receives high number
of newly formed bulbs 4+0.2 from
L. maculatum var. Bukosanense,
placing them under light conditions
in  medium  without  growth
regulators.

Within the Bulgarian varieties
of Lilium, “Poli” shows the highest
multiplication coefficient — 2.22%,
with average number of newly
formed bulbs 3,7 (Figure 2).

In own research performed
with varieties of Asian and Oriental
hybrids, Kapoor (2008) identified
lack of multiplication in medium
without usage of growth
regulators. In 1978, Stimart and
Ascher determined that the
number of newly formed bulbs
varies between 3 and 5
regardless of the species or
variety of Lilium. This is also
confirmed by our research.
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N3BOAM

AHanunaumpariku nonyyeHuTe B
n3cneaBaHeTo  pesyntatm  ce
YyCTaHOBMU:

1. CrepununsnpalmaTr areHT,
npn KOMWTO ce nosiydyaBaTt Han-ro-
NsM GpOi CTEPUNHN XU3HEHWN eKC-
NNaHTU € XMUBaYHUS AByxnopug —
0,1% ¢ nNpoAbL/IKUTESTHOCT Ha
OEACTBUS  BbPXY pacTUTesiHuTe
ekcnaaHTn 3 MuH. (Bap. 1);

2. Mpu Lilium rhodopaeum n
copt AHa Mapua ca OT4YEHeHH
Hal-ronsaM 6poi CTEPUSTHU XN3HE-
HW eKCn1aHTu;

3. Mpu gmBuTe BMAOBE, Hal-
BMCOK MYNTUM/IVKALMOHEH Koedn-
UMeHT e oTbensasaH 3a Lilium
albanicum Griseb — 4.68% cbC
cpegeH 6poit HOBOOOpalyBaHu
NYKOBWYKM 5.2;

4. OT 6barapcknTe coproBe-
Te C Hal-BMCOK MyNTUNIMKauuo-
HEH KoeuuMeHT ce OTKposBa
copt ,lMonn” — 2.22%, cbC cpefeH
6poil HoBOOGpasyBaHW J1IYKOBUYKM
3,7.

CONCLUSIONS
The research
following results:

shows the

1. The highest number
of sterile and vital explants is
obtained with the usage of HgCI,
as sterilizing agent, applied at
0,1% concentration over a period
of 3 minutes on the plant explants.
(Variant 1);

2. The highest number
of sterile and vital explants is
observed in Lilium Rhodopaeum
and ,Ana Maria“ variety;

3. Within the wild
species, the highest multiplication
coefficient is determined in Lilium
albanicum Griseb — 4.68% with
average number of newly formed
bulbs 5.2;

4. Within the Bulgarian

varieties of Lilium, the highest
multiplication coefficient IS
determined in “Poli” variety -

2.22% with average number of
newly formed bulbs 3.7
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BnnsHue Ha cpoka 1 HauMHa Ha 3acaxpgaHe
BbPXY Pa3MHOXUTE/THUA KOEPULMEHT
npwu rnagvon (Gladiolus L.)
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Effect of planting dates and methods
of growing on propagation coefficient in gladiolus

Yordan Atanasov*, lvanka Ilvanova, Bistra Atanasova

Institute of Ornamental Plants-Sofia,1222 Negovan, Bulgaria

PE3OME

HanpaseHo e npoyyBaHe 3a
B/IMSHWETO Ha Cpoka Ha 3acaxjaHe u
HauvHa Ha oTrfiexaaHe B nosveTuIieHoBa
opaHXeuns 1 Mnpu NoJICKN YCNOBUA BBbPXY
PasMHOXUTESTHNA KOEDULIMEHT Ha rPyAKo-
nykoBuUUMTE 1 6poit 06pa3yBaHn AeTKM OT
efHa rpyakosykoBuua npu Tpu copTa
rnagnon — Rose Supreme, White
Prosperity n Her Majesty. M3nuTtaHu ca 6
Cpoka Ha 3acaxjaHe npes3 vMHTepBan oOT
15 gHu (25 I, 10 Mapt, 25 MapTt, 10
Anpun, 25 Anpun un 10 Malii) kaTto
MbPBUTE TPWU CPOKA Ca 3a/10KEHV B M0/U-
eTWeHoBa OpaHXepus, a ocTaHanute —
Ha OTKpUTO.

OT gBarta HauMHa Ha oTrfexjaHe
Pa3MHOXUTENHUAT KOeUUMEHT U OPOST
Ha popMupaHuTe AeTkn OT efHa rpyako-
nykosuua npu copt Rose Supreme ca
Hali-BMCOKM NpW MNOJICKU YCNOBUSA, KaTo
CTOMHOCTTA Ha KoeduuuMeHTa € Hali-
rosigimMa rnpu Cpokose Ha 3acaxpgaHe 25.1V
n 10.IV cboTBeTHO 2.52 6p. 1 2.02 6p., a
npu getkmte — 10.1V n 25.IV cbOTBETHO
68.90 6p. 1 63.16 6p.

Mpu copTtoBeTe White Prosperity u
Her Majesty pas/imuHuTe CpokoBe Ha
3acaxjaHe M HauYMHBT Ha OTr/IeXaaHe He

SUMMARY

An experiment was carried out to
study the effect of planting dates and
methods of growing in a polyethylene
greenhouse and field on propagation
coefficient of corms and cormels
produced by plant. The Gladiolus cv.
Rose Supreme, cv. White Prosperity and
cv. Her Majesty corms were planted in a
polyethylene greenhouse and in the field
on 6 various dates with a regular interval
of 15 days i.e. (February 25, March 10,
March 25, April 10, April 25 and May 10)
as on the first three dates they were
planted in a polyethylene greenhouse and
on the last three dates in the field.

Planting dates had a significant effect
on the propagation coefficient and the
number of cormels formed from mother
corm of gladiolus cv. Rose supreme. The
best results of propagation coefficient were
obtained from gladiolus planted on 25.IV
and 10.1V, respectively 2.52 pcs. and 2.02
pcs. by mother corm. The largest number of
cormels formed by corm was obtained from
those planted on 10.IV and 25.IV
respectively 68.90 pcs. and 63.16 pcs.

Planting dates of gladiolus cv.
White Prosperity and cv. Her Majesty
didn’t significantly affect the propagation
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OKasBaT CblLUECTBEHO BJ/IMSHUE BbpXY
PasMHOXUTETHNSA KOe(ULMEHT Ha rpyaKo-
nykosuumTe. Pasnukata Mexay Hawi-
BMCOKata W Hal-HMckata CTOWHOCT e
MHOr0 Masika M HefokasaHa, CbOTBETHO
0.39 6p. n 0.25 6p.

B cpaBHeHME C PasMHOXUTE/THUSA
KoedMLMEHT Ha rpyaKosykoBuumuTe, 6po-
AT Ha (popMupaHuTe AETKM Npu COpT
White Prosperity ce Bnusie, kakto OT
CpoKa Ha 3acaxfaHe, Taka U OT HaymHa
Ha oTrnexgaHe. Haii-ronsm 6poit AeTku
OT efHa TrpyaKONyKoBULA ca NosyvyeHu
npu TpUTE NPOYYEHU CpoKa Ha OTKPUTO —
10.1v, 25. IV n 10.V, cvoTtBeTHO 38.12
6p., 30.25 6p. n 23.33 6p., AoKaTo npwu
copT Her Majesty 6posT Ha obpasyBaHuTe
OETKN € Hali-BUCOK MpKn Hali-paHHus CPOK
Ha 3acaxjaHe npu MNOoJCKA YC/I0BUS
(10.lV) — 65.63 6p., cnegsaH OT TpuUTe
CpoKa, 3a/loKeHW B MOSMETUIEHOBATA
opaHxepus (25.11, 10.11I, 25.111) — cbOTBETHO
53.52 6p., 52.08 6p. 1 41.08 6p.

KntoyoBn paymun: rnaguon, pas-
MHOXWTENEH Koe(MUMEHT, TPyAKOYKO-
BMLA, OETKU, CPOK U HAYMH Ha 3acaxjaHe

YBO/

3a fga ce 3a40BOMIN TbpceHe-
TO Ha nasapa e BaXHO jJda ce
ocurypu uenorogviiHa npoaykuns
Ha rnaguon. (Jenkins, 1963,
Jenkins et al.,, 1970.). ca ycTtaHo-
BUK, Ye ca Heobxoammum oT 60 o
100 pgHM oOT 3acaxgaHeTo A0
noslyyaBaHeTo Ha OTpsA3aH UBAT
Kato Bapupa B 3aBMCUMOCT OT
copta M BpemMeTo Ha roguHata
pyaokonkosuumMte ” OeTkute ca
OCHOBHMA MNocagbyeH MaTepuan
3a pasMHOXaBaHeTo Ha rn1agnonu
(Larson, 1992).

Jata Ha 3acaxpaHe Ha rpya-
KONyKoBULATE Urpae BaxHa Posis
B peryMpaHeTo Ha pacrtexa u
KayecTBOTO Ha rnaguona (Khan et

coefficient from mother corm.

The variation between the highest and the
lowest rate was respectively 0.39 pcs. and
0.25 pcs.

Unlike the propagation coefficient,
the number of cormels formed by a
mother corm of gladiolus cv White
Prosperity and cv. Her Majesty was
affected by the planting dates. The best
results from the first cultivar were
obtained in the field on 10.1V, 25.IV and
10.V respectively 38.12 pcs., 30.25 pcs.
and 23.33 pcs.

Whereas the best results from the second
cultivar were obtained in the field on the
first date /10.1V/ — 65.63 pcs. followed by
three dates in polyethylene greenhouse
25.11, 10.11 and 25.1I, respectively 53.52
pcs., 52.08 pcs., and 41.08 pcs.

Key words: gladiolus, propagation
coefficient, corm, cormel, planting dates
and methods of growing

INTRODUCTION

The gladiolus is a very
attractive flower and is the object
of great consumer demand. To
satisfy customer demand, it is
important that the gladiolus flower
be available all year round.
Gladiolus spikes take 60 to 100
days after planting to be harvested
depending upon the cultivars and
time of year (Jenkins, 1963;
Jenkins et al. 1970). These corms
and cormels are the chief means of
gladiolus propagation (Larson,
1992).

The date of planting plays an
important role in regulating the
growth and quality of the gladiolus
(Khan et al. 2008.; Dod et al,.
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al., 2008; Dod et al,. 1989; Saleem
et al., 2013.). N360pbT Ha noaxo-
OAWM  CPOKOBE Ha 3acaxpjaHe
B/IMSie BbPXY PasBUTUETO U Kavec-
TBO Ha UBeTHara npoAykums, ¢ uen
3a0BO/ISBAHE M3UCKBAHUATA Ha
notpe6utens (Zubair et al., 2006).
CpokoBeTe Ha 3acaxjaHe Bapupar
B 3aBMCMMOCT OT dpoTonepuoaunTe,
TemnepatypuTe U UHTeH3uUTeTa Ha
ceet/imHaTta (Ahmad et al., 2011).
Talia and Traversa (1986) ca ycrta-
HOBW/IW, Ye NOo-rosiemMun no pasmep
rPYAKOMYKOBMLUM ca 0bpasyBaHu
npv 3acaxgaHunte rpyakosyKkoBuum
npes cespyapu n MmapT. Makcuma-
neH O6poil UBETOHOCKM Ha efgHo
pacteHne ca ob6pasyBaHu npu
3acaxgaHe anpuna-man, [aokarto
Han-ronsaMm 6poin rpyaKoyKOBULM
ca nosyyeHu npes nepuoga oOT
mMapt go anpwun (Mukhopadhyay
and Banker, 1981). Ahmad et al.,
2011) cvobuiasar, Ye pacTexbT U
[OBGMBBT Ha rnaguonuTe, NoaobHo
Ha [pyrM pacTeHus, 3aBucu OT
NoAXO4ALMNA CPOK Ha 3acaxjaHe.

Y Hac Ivanova & Dimitrov,
(2015) ca ycraHoBWNM, 4e nNpw
MOJICKM YCNOBUSA, NO-PAHHUAT CPOK
Ha 3acaxpgaHe Ha rnaguosn copt
ViBa 1 EKaTepuHa, Bivse nosioxu-
TENIHO BbpXy AobuBa OT rpyakosny-
KOBULW B CpaBHEHWE C MO-KbCHUSA
CPOK Ha 3acaxpaHe.

HacTosiwoTo nscnepBaHe
nma 3a uen ga npoyyun BAUSHUETO
Ha CpPOKOBE Ha 3acaxjaHe W Hauu-
HA Ha oTrnexgaHe Ha rnaguon
BbPXY Pa3MHOXUTENHUSA KOoeduLm-
€HT Ha rpyaKoNyKOBULM U OAETKW.

1989; Saleem et al., 2013).

Vegetative growth and the quality
of gladiolus is improved by proper
planting times, leading to greater
satisfaction of consumers’
demands (Zubair et al., 2006).
Planting schedule varies because
of differences in photoperiods,
temperatures and light intensity
(Ahmad 1. et al., 2011). Talia and
Traversa (1986) mentioned that
better size gladiolus corms were
obtained from February and March
plantings.

Maximum spikes per plant were
obtained from Aprii to May
plantings while highest number of
corms per plant in tuberose was
obtained from March and April
plantings (Mukhopadhyay and
Banker, 1981). The growth and
yield of gladiolus, like other plants,
depend on proper planting time
(Ahmad I. et al., 2011).

The earlier planting date had
a positive effect on the formation of
higher corm vyield in both cv. ‘lva’
and cv. ‘Ekaterina’ with 7.16
pcs/m®> and 6.23  pcs./m?
respectively, vs. the later planting
date (lvanova and Dimitrov, 2015).

This study investigates the
effect of methods of growing and
the timing of planting dates on
propagation coefficient of corms
and cormels produced by the
gladiolus plant.
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MATEPVANT N METOAON

[MpoyyBaHeToO e HanpaBeHO B
WHCTUTyTa No AekopatvBHU pacTte-
HMA-Codoms, Kato 3a 3a/lI0kKeHu
ONUTK 3a OTrexaaHe nNpu pasnuu-
HN CPOKOBE Ha 3acaxjaHe B opaH-
XEPUNHN N MOJICKU YCNOBMA NpU
Tpu copTta rnagnon — Rose
Supreme, White Prosperity n Her
Majesty.

M3nutaHu ca 6 cpoka Ha 3acaxpaa-
He npe3 uHTepsas oT 15 aHn (25
®eBpyapn,10 MapTt, 25 MapT,10
Anpuvn, 25 Anpun n 10 Maii), nbp-
BUTE TPU CpoOKa — B MOJSIMETU/IEHO-
Ba OpaHXepusa, a B OCTaHa/MTe
TPpW CpoKa — Ha OTKPUTO.

Bcekn BapnaHT € 3a/10KEH B
3 nNOBTOpEeHus, C ronemumHa Ha
onuTHaTa napuesnka 3m?, npu rbe-
TOTa Ha 3acaxpaHe Ha rpyakony-
koBULUMTE 25 6p./m?, c pasmepw
10/12 cm, gbnboynHaHa 3acaxpia-
He 10-12 cm, c MexXxaypenoso
pascTosaHue 25 cm.

Onutute ca uW3BedeHW Ha
anyBuanHo-nMBajHa rnoysa, C ek
MexaHU4yeH CbCTaB, CbC CbAbpXa-
HWe Ha Xymyc — 2.1%, pH BbB Boga—
6.5. MNpean 3acaxpgaHe rpyakonyko-
BMUMTE ca TPeTMpaHu B pas3TBop OT
Pospan 50 Bl — 0,1%+ ToncuH M -
0,15% + bn58 — 0,1% 3a 20 MUHYTWN.

Bbaxa OTtyeTeHn ca cnepgHute
nokasatenu: 6poii obpasysBaHu rpy-
axonykosuum/m?, 6poii 06pasyBaHm
[eTKM OT efHa MaliumHa rpyakony-
koBuua (SingaHckn, 1998). Pa3mHo-
XUTESTHUAT KOeULIMEHT € U3UNC/IEH
no crnegHarta popmyna:

MATERIAL AND METHODS

The research on the effect of
planting dates and methods of
growing in a polyethylene
greenhouse and field on propagation
coefficient of corms and cormels
produced by plants was carried out
at the Institute of ornamental plants—
Sofia. Three cultivars of gladiolus—
cv. Rose Supreme, cv. White
Prosperity and cv. Her Majesty were
tested. Corms were planted in a
polyethylene greenhouse and in the
field on 6 various dates with a
regular interval of 15 days (i.e.
February 25, March 10, March 25,
April 10, April 25 and May 10). On
the first three dates they were
planted in a polyethylene
greenhouse and on the last three
dates in the field.

The tests were performed
with second size corms, 25 pieces
per square meter in three
replications, planted in a 3 m? plot
at a depth of 10-12 cm.

The trial took place on
alluvial-meadow soil (pH in H,O —
6.5) with humus content of 2.1 %.

Before planting, cormels were
treated with hot water solution of
fungicides and insecticides for 20
mimutes.

The following variables were
recorded: number of formed
corms/m?, number cormels formed
by a mother corm (Lidanski, 1998).
The propagation coefficient was
calculated by the following formula:
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KbaeTo: M — 6poi hopmupanmn rpya-
KO/TyKOBULM; M — Bpoii 3acafeHu rpy-
[AKONMYKOBUUM; R — pasmMHOXMTeneH
koedMUMEHT Ha rpyAKoyKOBMLUTE
BrvomeTpuyHuTe gaHHM ca oT-
YyeTeHU NpU BCUYKM TPYAKONYKOBULM
3acafileHn BbB BCSKO MNOBTOPEHUE.
[daHHnTe ca o6paboTeHn crTartuc-
Tnyeckun (IBMSPSSStatistics 19).
[(napuonute ca OTrNeXaaHu
no yTBbpAeHata TexHosiorusa 3a
Nnpou3BOACTBO MpPU MOJICKMA YCIO-
Bus (buctpuyaHos n gp. 2008).
N360pbT Ha cpokoBeTe Ha 3a-
caxpgaHe e cbobpaseH C M3MCKBa-
HUATA Ha KynTypata KbM Temrnepa-
Typarta. 3acaxiaHeTo e 3ano4yHasio
cnepf TpaiiHoO gocTuraHe Ha nouse-
HaTa TemnepaTypa Ha 10 °C.
Vi3BaxkaaHeTo Ha rpynkKosyko-
BMLMTE € WU3BBLPLUIEHO PbYHO, MNpU
NoXbNTsBaHe Ha 2/3™"" oT NnucTHaTa
mMaca Ha pacTeHusTa, cref, KoeTo
rpyaKkonykosmuute 6axa npocylle-
HW, MNOYUCTEHW W COPTUPaHU MO
opakymun: nbpBa Hag 14 cm, BTOpa
ot 12-14cm, Tpeta ot 10-12 cm,
yeTBbpTa OT 8-10, Nneta o1 6-8 cm n
AeTku nog 6 cm.

PE3YNTATUN NN OBCbXXOAHE

MonneTuneHoBa opaHxepus

Mpn oTrnexagaHe B NOSIMETU-
NNeHoBa opaHxepwus npu copt Rose
Supreme Hail-ronsim 6poii rpyako-
nykosmum (145 6p.) ca nonyyeHun
npn NbpPBUA CPOK Ha 3acaxpaHe
25.11, pokaTto npu cnepsawnTe aga
cpoka — 10.1ll n 25.111 Te ca CcbLOT-
BETHO nNo-mMasiko c 18.62% wu
24.83% B cCpaBHeEHMEe C MNbpBUA

M

m

where: M number of formed
corms; m — number of planted
corms; R — propagation coefficient

The biometric indexes were
recorded on all tagged plants in each
replication. The data were processed
statistically (IBMSPSSStatistics 19).

The gladioli were grown
according to the technology for the
production of gladiolus cut flower in
the open (Bistrichanov et al., 2012).

The selection of planting
dates was in compliance with the
culture’s requirements for the soil
temperature. Planting began after
the soil reached the temperature
of 10 °C consistently.

Purging of corms was done
manually, after yellowing 2/3rd of
the foliage, corms were dried,
cleaned and sorted in fractions:
the first size — over 14 cm in
diameter, second size- from 12 to
14 cm, third size — 10-12 cm, fourth
size — 8-10 cm, fifth size — 6-8 cm
and cormels less than 6 cm.

RESULTS AND DISCUSSION

Greenhouse conditions

The best propagation results
for growing cv. Rose Supreme
under greenhouse conditions were
obtained from the first planting
date 25.11 — 145 corms, while the
next two dates 10.llI and 25.11I
were respectively less productive
with 18.62% and  24.83%
compared to the first date (Fig. 1).
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cpok (dwur.1l). Pasnvkata wmexny
6poa Ha TpyaKONyKOBUUWM  MpU
BTOpPMA N TpeTus cpok e 9 6p. u
IncBa [0Ka3aHoCT.

Mpn Npon3BOACTBOTO Ha rna-
AVMON OT CbLECTBEHO 3HayeHue e
He camMo 06wWusa 6port nosyvyeHu
rPYyAKOYKOBULUM, & BpPoAT Ha obpa-
3yBaHUTE TPYAKOSTYKOBULM MbPBU
N BTOPWU pasmMep, KOUTO ce U3MOoJI-
3BaT KaTo rnocafgbyeH Mmarepuan
3a OTpsA3aH UBAT.

Mpn TO3M COPT GPOSAT Ha Mo-
JlyyeHuTe TPYAKOSTYKOBULUM MbPBU
pasmep W npu TpUTE CpoKa Ha
3acaxpjaHe e Hail-ronsam u Bapupa
oT 51.69% po 53.21% oT obwus
6poil. Hali-ronsim 6poin rpyakony-
KOBULM BTOpPY pasmep ca nosy4e-
HW NpW Hali-KbCHUS CcpoK — 12 6p.
nnun 11% ot obwwms 6poi, creasaH
OT BTOpUA CpPoK 8 6p. (6.77%) un
Hal-Masiko — Npu MbPBUSA CPOK C 2
6p. nnn 1.38% (dwur. 2).

Haii-ronsam 6poit aetkn npwu
copt Rose Supreme ca obpasysa-
HW NpU MbPBUA CPOK Ha 3acaxja-
He cpegHo 26.21 6p. oT efHa
MaiuMHa rpygKonykosuua, creg-
BaHW OT Te3u Npu TPeTUs 1 BTOPUSA
CPOK, CbOTBETHO 18.63 6p. 1 16.06
6p., KaTo pasnukata mexay sapwu-
aHTa C Hal-Ma/TbK M Han-ronsam
6poit obpasyBaHn ageTkm e 10.15
6p. 1 cTaTUCTMYECKN foKa3aHa rnpu
(P=0.05) (dwur. 3).

The difference in the number of
corms between the second and
third planting date is 9 pcs. and it is
not statistically proved.

In the production of gladiolus,
not only the total number of formed
corms is important but also the
number of first and second size
corms, which are used for planting
for cut flowers.

The number of formed corms
of the first and second sizes in this
cultivar ranges from 51.69% to
53.21% on the first three planting
dates. The largest number of
second size corms were the
product of the latest date - 12 pcs.
or 11% of all, followed by the
second date — 8 pcs. (6.77%) and
the smallest number — first date
with 2pcs. or 1.38% (Fig. 2).

The largest number of
cormels in cultivar Rose Supreme
were formed from the first planting
date — an average of 26.21 pcs.
from one mother corm,. This was
followed by the third and second
date — respectively 18.63 pcs. and
16.06 pcs., the difference between
the planting dateswith the lowest
and highest number of formed
cormels is 10.15 pcs. This result is
statistically ~ significant (P=0.05)

(Fig. 3).
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[JokasaHocT / Statistically proved:
*_P>0.05;*-P=0.01; ** _p=0.001

dur.l. bpoii rpyakonykoBuum qopMmpaHn npu  pasiMd4HUTE CPOKOBE Ha
3acaxjaHe rnpu ycs10B1s Ha NosineTusieHoBa opaHxepus
Fig. 1. Number of corms formed on different planting dates on of greenhouses

conditions

Mpu oTrnexgaHe B NosveTu-
NIeHOoBa OpaHXepus OT TpuTe npo-
YYEHN CpoKa Ha 3acaxpgaHe Hawi-
BUCOK pasMHOXMUTeNeH Koeduum-
€HT Ha TpPyaAKOsIyKOBULM Npu copT
Rose Supreme e nonyydyeH npwu
Hal-paHHUA cpok (25.02) — 1.93
6p., JoKaTo nNpu BTOPUS U TPETUS
CPOK TOW € NO-Ma/TbK CbOTBETHO C
0.36 6p. 1 0.48 6p. U TE3n pas-
JINKM ca MUHUMaJTHU N Hejokasa-
HW CMPSAMO NMbPBUSA CPOK.

Mpn rnagnon copt White
Prosperity npuv nbpBUSA CPOK Ha
3acaxpgaHe e OTYeTeH Hal-ronsm
6poii obpasyBaHu [PYAKOIYKOBU-
un — 145 6p., gokato npu BTOPUS
N TPEeTUSA CPOK TEXHMAT Bpoli e no-
Ma/TbK CbOTBETHO C 8.96% n
12.41% v cTaTUCTUYECKN He [OoKa-

The results show that highest
propagation coefficient of corms in
cultivar Rose Supreme is obtained
from the first date (25.1) — 1.93
pcs., While the second and third
date are respectively less
productive with 0.36 pcs. and 0.48
pcs. These differences are
minimal and unproven compared
to the difference between these
later dates and the first date.

The largest number of
formed corms were obtained from
the first planting date in cultivar
White Prosperity — 145 pcs., while
on the second and third date their
number was less — respectively
8.96% and 12.41% and
statistically insignificant (Fig. 1)
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3aH (dur. 1). N npn 103N CoOpT
OPOAT Ha NoslyvYeHUTe rpyaKosyKo-
BMUM NbPBU pasMep u npu Tpute
CpoKa Ha 3acaxfjaHe e Hali-ronsm
n Bapupa B rpaHuumte ot 50.34%
[0 55.91% ot obwms 6poi. Haii-
ronsam 6poi rpyaxkonykoBuum BTO-
py pasvep ca obpasyBaHu Mpu
Hal-paHHUA cpok — 35 6p. (nm
24.14% ot obwua 6poir), cneapa-
HA OT BTOpPUA U TpeTUs — CbOT-
BETHO 27 6p. 1 22 6p.(dur. 2).

80 |
60 |
40
20
0 |l

Bpoit Ha rpyakonykosuumTe
Number of corms

Like the previous cultivar, in this
one the number of formed corms
first size range from 50.34% to
55.91%.

The largest number second size
corms are formed from the first
planting date — 35 pcs. (or 24.14%
of all), followed by the second and
third respectively — 27 pcs. and 22
pcs. (Fig. 2).

Pasmep Ha rpy4Ko/lyKOBMUMTE M CPOKOBE Ha 3acakiaHe
Corms size and planting dates

B copt/cv. Rose Supreme B copt/cv. White Prosperity Ecopt/cv. Her Majesty

[JokasaHocT / Statistically proved:
*~P2>0.05 *-P=20.01; * —P=0.001

dur. 2. dopmMmpaHnTe TPYAKOSIYKOBULM MO pasMep ChApsMO CPOKOBETe Ha
3acaxjaHe Npu yc/10BMS Ha NOIMETU/IEHOBA OpaHXepus
Fig. 2. Formed corms in different size compared to planting dates on

greenhouses conditions

Mpw Hali-paHHUA CPOK Ha 3a-
caxgaHe B nosmeTusieHoBa OpaH-
Xepus ca OTYEeTEeHU Hanl-rossam
6poli obpasyBaHu AETKM OT edHa
rpygkonykosuua — cpegHo 17.10
6p., AokaTo npu BTOpUA U TPeTUs
CPOK TEXHUAT BpPOi € No-ManbK U
HeJoKa3aH CbOTBETHO € 3.5 6p. u
4.98 6p. (Pwr. 3)

Hali-BUCOK  pa3MHOXUTENEH

The greatest number formed
cormels by a mother corms is from
the first planting date — an average
of 17.10 pcs., while the second
and third date their number is less
by 3.5 pcs. and 4.98 pcs. a
statisticallly insignificant difference

(Fig. 3)

The best results for the
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KoeMUMEHT Ha rpyaKO/YKOBULM
npu copT White Prosperity e nony-
YeH Mpu Hail-paHHUS CPOK Ha 3a-
caxpaHe — 1.93 6p., cnegsaH ot
BTOPUS N TPETUSA CPOK CbOTBETHO
1.76 6p. n 1.69 6p. Pasnukata B
Pa3MHOXUTENHUSA KoedmumeHT
Mexay 3-Te cpoka Ha 3acaxpjaHe
€ HecblllecTBeHa B rpaHuuuTe ot
0.17% po 0.24% wn Hama p[oka-
3aHoCT (dwur. 1).

Mpn copt Her Majesty
pasfivkata B 6posi Ha NonyyeHuTe
rPYLKONYKOBULUM MPU TpUTE Cpoka
Ha 3acaxpgaHe e MUHUMasHa -—
0.66 % wnnn 2 6p. (Pur. 1). Mpn
Hero ca popmupaHu npeanmMHO
rPYLKONYKOBUALWM MbPBU  pasmep,
Kato nNPOUEHTbT MM nNpu HaW-
paHHWS CPOK Ha 3acaxpjaHe e
MHOIo BMCOK — 92.95% OT o6wwuns
O6poil, a npu TpetTus n BTOPUSA
CpOK— CbOoTBEeTHO 78.08% n
73.24%. BpoAT Ha rpyaKos1yKoBuU-
U BTOPU pasMep W npu TpuTe
Cpoka Ha 3acaxpaHe Bapupa B
rpaHmunTe ot 2,81% pno 8,41% ot
o6wwuma 6pon (dur. 2).

Haii-ronam 6poni getks ot
efHa MailumHa rpygkonykosuua
npum copt Her Majesty ca
ob6pasyBaHn NpU Hal-paHHNSA CPOK
Ha 3acaxpgaHe 25.11 cpegHo 53.52
6p.,kaTo pasnukata B 6poA C
BTOPUS CPOK € MHOI0 MasTbK U
HegokasaH — camo 0.72 6p. n ¢
12.48 6p. nNo-MasbK Mpu  Haun-
KbCHUA cpokK (Pur. 3).

Hali-ronsim pasmMHOXUTeneH
KOe(MLUMEHT Ha TIPYyAKO/TYKOBULM
npu copt Her Majesty e nonyyeH
NPV Ha-KbCHUS CPOK Ha 3acaxaa-

propagation coefficient in cultivar
White Prosperity were obtained
from the first planting date — 1.93
pcs., followed by the second and
third date respectively 1.76 pcs.
and 1.69 pcs. The difference in
propagation coefficient between
the 3 planting dates is insignificant
(it is not statistically proved) and in
this cultivar gladiolus and ranges
from 0.17% to 0.24% (Fig. 1).

The difference in the number
of formed corms in cultivar Her
Majesty from the three planting
date is minimal — 0.66% or 2 pcs.
(Fig. 1). The corms which are
mainly formed are first size, and
their percentage in the first date of
planting is very high — 92.95%,
while the third and the second
date have a lower proportion of
first size corms - respectively
78.08% and 73.24%.

The number of second size corms
on the planting dates ranges from
2.81% to 8.41% (Fig. 2).

The largest number of
cormels formed by a mother corm
in cultivar Her Majesty are
obtained from the first planting
date 25.ll—an average of 53.52
pcs., The difference in the number
of formed cormels between the
first and second date is very small
- only 0.72 pcs. and 12.48 pcs.
fewer than the third date (Fig. 3).

The highest rate of
propagation coefficient in cultivar
Her Majesty was obtained from the
latest planting date — 0.97 pc. and
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He — 0.97 6p. n pasnukata c pas- | the difference between the other

MHOXMWTENHWSA KoeduuueHT npu | two dates

is very small and

ocTaHaIMTe fABa cpoka e MHO-Tro | statistically insignificant — 0.02 pc.

MaJsika 1 HegokasaHa — 0.02 6p.
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Bpoii feTkn Ha rpyakonykosuua
Number of cormels per corm
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B copT/cv. Rose
Supreme

B copt/cv.White
Prosperity

B copt/cv. Her
Majesty

25.11

CpokoBe Ha 3acaxgaHe / Planting dates

10.111

25.11

[JokasaHocT / Statistically proved:
*_P=0.05 * - p=0.01; ** — p=0.001

dur. 3. bpoli thopmMpaHn [eTKU Ha TpyAKOSyKOBUUA CMPSAMO CPOKOBeTe Ha
3acaxjaHe rnpu ycs10B1s Ha NosineTusieHoBa opaHxepus
Fig. 3. Number of cormels formed by a mother corm compared to planting dates

on greenhouses conditions

MONCKN YCNOBUA

[Mpu oTrnexpgaHe Ha OTKPUTO
(noncku ycnosus) npu copt Rose
Supreme Hali-6naronpuaTteH 3a
06pa3yBaHeTO Ha rpyaKonyKoBULU
ce e oOkKasan BTOpPUAT CPOK Ha
3acaxgaHe 25.1V, npu Konto ca
nonyyeHn 169 6p., kaTto npu
MbPBUA U TPETUS CPOK CPOK BPOAT
MM € Hamans/n CbOTBETHO C
10.05% wu c 46.74%, kKato e
yCTaHOBeHa [fobpa [oka3aHOCT
(P=0.01) Ha pasnukata wmexay
BTOPUA 1 TPETUsA Cpok (Pur. 4).

Mpy NMbpBUTE ABa CPOKa Ha

FIELD CONDITIONS

The best results of
propagation coefficient in field
conditions in cultivar Rose

Supreme were obtained from the
second planting date 25.1V. From
which date, 169 pcs. of corms
were formed, while the first and
third date decreased respectively
by/to? 10.05% and 46.74%, a
statistically significant difference
(P=0.01) in the between the
second and third planting date
(Fig. 4).

The number of formed corms
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3acaxpgaHe ca ce hopmupaHu no
paBeH O6poW rpyaKoNykoBULUTE
nbpeu pasmep — 105 6p., a npu
TPeTMa CpPoK OPOAT MM e 3Hauu-
Te/NHO no-manbk — ¢ 31 6p. u
fokasaH (npu P=0.01). Pa3snukarta
B 6posA Ha rpyaKko/lyKoBMUM BTOPU
pasmep Mexay NbpBuUsS U BTOPUSA
cpok e camo 1 6p.(Pur. 5).

Haii-ronam 6poit getkun Ha
efHa MaliumHa rpyakosiykosuua ca
obpasyBaHu NpU Haln-paHHNSA CPOK
Ha 3acaxjaHe Ha OTKPUTO CpefHOo
68.90 6p., cnegBaHn OT BTOpPUSA
CPOK, MNPU KOWTO ca Mnosly4yeHn
camo c 5.74 6p. AeTK/ No Masiko,
(HAmMa gokasaHoCT) 1 nNpu nocnea-
HUS CPOK pasnunkara B OpoAT UM C
Tes3n Npu NbpPBUA CPOK € AoKa3aHo
Hamanana npu cpegHo 45,03 6p.
npu (P=0.01) (dur. 6).

Hai-Bucok pasMHOXUTENEeH
Koe(uUUeHT Ha rpyaKoyKoBULM
npu copt Rose Supreme e
OT4YeTeH nNpu nNbpBUTE ABaTa
Cpoka Ha 3acaxpjaHe CbOTBETHO
2.25 6p. n 2.02 6p., gokarto npu
TpeTMs CpPoK TON e Hamansan
CNpsIMO TSX CbOTBETHO ¢ 1.05 6p.
n 0.82 6p. (P=0.01).

Mpn copT White Prosperity
Hal-ronamM 6poit rpyaKOYKOBULM
ca MnoJlydeH Npu CPOK Ha 3acax-
faHe 10.1IV, koWTo npesuwaBa
CbOTBETHO C 4.49% 1 8.97% 6pos
Ha Mosly4YeHuTe TpPYyAKO/YKOBULM
npu cnejpawumre nsa cpoka, HO
pasvkata e Masika W nuncea
AokasaHocT (Pwur. 4).

of the first size is equal between
the first two planting dates — 105
pcs., but the number from the third
date is considerably smaller — 31
pcs., a statistically significant
difference (P=0.01). The difference
in the number of corms of the
second size between the first and
second date is only 1 pcs. (Fig. 5).

The largest number of
cormels by a mother corm was
from the first planting date in field—
an average of 68.90 pcs., followed
by the second date in which were
formed 5.74 pcs. cormels feqwe
(not proven), while the Ilatest
planting date their number
decreased to average of 45.03pcs.
This is significantly different,
compared to the first period,
proven. at (P=0.01) (Fig. 6).

The highest propagation
coefficient of corms in cultivar
Rose Supreme were obtained
from the first two planting dates
respectively 2.25 pcs. and 2.02
pcs., while the third date was
lower by 1.05 pcs. compared to
the first date and 0.82 pcs.
compared to the second date
(P=0.01).

The largest number of
cormels were formed from planting
date 10.IV in cultivar White
Prosperity, which exceeds the
number of formed cormels from
the next two dates with 4.49%
and 8.97%, respectively
statisticaly not proved (Fig. 4).
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[JokasaHocT / Statistically proved:
*_pP20.05*_p=0.01; * _p=0.001

dur. 4. bpoii rpyakonykoBuum opmMmpaHn npu  pas/iIMdHUTE CPOKOBE Ha

3acaxaHe npu rnoJsick1 ycsosus

Fig. 4. Number of corms formed on different planting dates on of field conditions

Mpn TO3K COPT BPOAT Ha rpy-
OKONYKOBULMTE NMbPBU pasmep no-
JIy4eHn NpU Hal-paHHMA CPOK Ha
3acaxgaHe Ha OTKpUTO MpeBuLla-
Ba c 17 6p. u c 18 6p. Te3n npu
BTOpUA N TpeTnus cpok. OT Tpute
CpOKa Ha 3acaxpgaHe Han-ronsam
6poil rpyaKoNyKOBULWM BTOpPM pas-
Mep ca obpasyBaHu Npu BTOPUS
Cpok 25.IV — 19 6p. nnm 12.75%
OT obwwnsa 6poi, cnegsaHn OT
NMbpBMA N TPETU CPOK CHLOTBETHO C
18 6p. n ¢ 10 6p. no-manko (Pwur. 5).

The number of first size
corms which were formed from the
first planting date was with 17 pcs.
and 18 pcs. greater than those in
the second and third date.

The largest number corms of the
second size were formed from the
second date 25.IV — 19 pcs. or
12.75 % followed by the first and
third date by 18 pcs. and 10 pcs.
fewer (Fig. 5).
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Bpoit Ha rpyakonykoBuuuTe
Number of corms

25.1IV

Pasmep Ha rpyiKONYKOBULMUTE U CPOKOBE Ha 3acaXKaaHe
Corms size and planting dates

B copt/cv. Rose Supreme Bcopt/cv. White Prosperity Elcopt/cv. Her Majesty

[JokasaHocT / Statistically proved:
*_pP20.05;* - p=0.01; **_ p=0.001

dur. 5. dopmupaHmTe rpyaKoayKOBULM MO pasmep CApsMO CPOKOBETE Ha 3acaxjaHe npv nosick1 ycnoBus
Fig. 5. Formed corms in different size compared to planting dates on field conditions
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OT efHa MaitunHa rpyakony-
KoBMLUA Hal-ronsim 6pon AeTku ca
o6pa3yBaHN Npy MbPBUSA CPOK Ha
3acaxgaHe cpegHo 38.12 6p,
[0KaTo npy BTOPUA 1 TPETUS CPOK
6poAT UM € MNO-MaTbK CbOTBETHO
20.65% un 38.8% (nuncea gokasa-
HOCT) (dwur. 6).

Hai-Bucok pasMHOXUTEeNeH
KoeMUMEHT Ha rpyAKO/YKOBULM
npn copt White Prosperity npwu
MOJICKN YC/IOBUSA € MOJIyYeH npu
CpOK Ha 3acaxpgaHe 10.IV — 2.08
6p., a pasnvkata Mexay BTopus 1
TPeTMA CPOK € MHOro Masika U
HefokasaHa cboTBeTHO — 0.09 6p.
n 0.19 6p.

Mpwn copT Her Majesty ca 06-
pasyBaHW paBeH OpoW rpyakosy-
KOBULM MNpU NbpBUTE [Ba CpoKa
Ha 3acaxgaHe Ha OTKpUTO, a Mpu
nocnegHus cpok 10.V — 1031 6poii
e no-manbk ¢ 22.35% (dur. 4).
Haii-ronsm 6poii rpyakosykoBuum
MbpBU pasmep ca MNosyyeHn npu
CpOK Ha 3acaxpgaHe 25.04 — 78
6p., a Npu NbPBUA U NOCNEeSHUSA
CPOK 6pOAT MM € Hamasnsn CboT-
BETHO C 4 6p. n 17 6p. bpoAaTt Ha
rPYy4KONYKOBULUTE BTOpPU pasmep
npyu TpuTe Cpoka Ha 3acaxiaHe
Bapupa B rpaHuyute ot 1,52% pno
4,71% oT 06wma 6poin (dur. 5).

OT TpuTe cpoka Ha 3acaxpga-
He Ha OTKPUTO Hai-ronsm 6poi
JeTkn OT efHa JiykoBuua ca
o6pasyBaHu Npu Ha-paHHUSA CPOK —
cpegHo 65.63 6p., gokato npwu
cnegpawmTe fABa Cpoka TEeXHUAT
6poi1 € N0-HNUCBHK CbOTBETHO C 25.27
6p. wn 2652 6p. (nmncea
AokasaHocT) (dwur. 6).

The largest number of
cormels formed by a mother corm
on the first planting date is an
average of 38.12 pcs., while the
number on the second and third
date decreases by 20.65% and
38.8% (it is not statistically proved)

(Fig. 6).

The highest propagation
coefficient of corms in cultivar
White  Prosperity under field

conditions was obtained from the
planting date 10.IV — 2.08 pcs.,
and the difference between the
second and third date is very small
and unproven respectively — 0.09
pcs. and 0.19 pcs..

Equal number of corms were
formed in cultivar Her Majesty
from the first two planting date in
the field, and from the last date
10.V this number is lower by
22.35% (Fig. 4). The largest
number of corms of the first size
were formed from planting date
25.1IV 78 pcs., while from the first
and last date the number
decreased by 4 pcs. and 17 pcs.
The number of corms of the
second size in the three planting
dates ranges from 1.52% to 4.71%

(Fig. 5)

The highest number of
cormels formed by a mother corm
on the earliest date is an average
of 65.63 pcs., while the number
from the next two dates the
number is lower, respectively
25.27 pcs. and 26.52 pcs. (it is not
statistically proved) (Fig. 6).
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B coprt/cv. Rose
Supreme

Bpoit AeTkn Ha rpyakonykosmua
Number of cormels per corm
ey
o
|

B copt/cv.White
Prosperity

Elcopt/cv. Her
Majesty

10.IvV

25.lV

10.v

CpokoBe Ha 3acaxgaHe/ Planting dates

[JokasaHocT / Statistically proved:
*_ P =>0.05; ** - p=>0.01; ** - p>0.001

dur. 6. Bpoil hopmMupaHn AeTKM Ha TPyAKOSYKOBMLA CMPSIMO CPOKOBETE Ha

3acagaHe rnpwu rnosiCKkn yciosus

Fig. 6. Number of cormels formed by a mother corm compared to planting dates

on field conditions

Hali-BUCOK  pa3MHOXUTENEH
KOeMLUMEHT Ha TIPYyAKO/TYKOBULM
npu copt Her Majesty npu noncku
YC/I0BUA € MOJIyYeH Npu MbpBus
10.IV wn BTOpMa 25.IV CpoK Ha
3acaxgaHe 1.13 6p., U Hal-HUCHK
npy Hah-KbCHUSA cpok — 0.88 6p.,
Karo pas/jivkaTa e HecCbllecTBeHa
N HeJoKa3aHa.

Hai-Bucok pasMHOXUTEeNeH
KoeMUMEHT Ha rpyaKO/YKOBULM
npn copt White Prosperity npwu
MOJICKN YC/IOBUSA € MNOJIyYeH npu
CpoOK Ha 3acaxpgaHe 10.IV — 2.08
6p., a pasnvkata Mexay BTopus 1
TPeTMA CPOK € MHOro Masika U
Hefoka3aHa cboTBeTHO — 0.09 6p.
n 0.19 6p.

The highest propagation
coefficient of corms in cultivar Her
Majesty under field conditions was
obtained from the first and second
date 10.IV 25.IV - 1.13 pcs. and
was lowest from the latest date —
0.88 pcs., the difference is minor
and unproven.

The highest propagation
coefficient of corms in cultivar
White  Prosperity under field

conditions was obtained from the
planting date 10.IV — 2.08 pcs.,
and the difference between the
second and third date is very small
and unproven respectively — 0.09
pcs. and 0.19 pcs.
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n3BO4U

Mpn copT White Prosperity u
copT Her Majesty pasnuyHute cpo-
KOBE Ha 3acaxjaHe W HayvH Ha
OTINiexgaHe He oOkKasBaT Cbliec-
TBEHO B/INAHWE BbPXY PaA3MHOXMU-
Te/IHUA KoeUUUEHT U pas/ivkaTa
€ MHOro Masika W HefokasaHa
MeX[y Haii-BMcokaTta 1 Hali-Hu1cka-
Ta CTOMHOCT cboTBETHO 0.39 6p. ”
0.25 6p. Mpu copt Rose Supreme
Hal-BUCOK Pa3MHOXUTENEH Koe-
ununeHT Ha rpyakosiykoBuULUM e
noslyyeH npuv [f[Bata Ccpoka Ha
3acaxpgaHe 10.IV wn 25.1V npwu
NOJICKM YC/NOBUA W  Hal-paHHUSA
CPOK B No/sveTusieHoBaTa opaHxe-
pus CbOTBETHO 2.25 1 2.02 6p. K
1.93 6p.

OT 67° npoyyeHn patm Ha
3acaxpgaHe 6poAT Ha obpasyBaHu-
Te IPyAKOYKOBUUM NBbPBU pasmep
e Hag 50%, kaTo npu copToBeTe
Rose Supreme u White Prosperity
Npu MOJICKN YCNOBMA TOW € Mno-
BMCOK OT TO3M B NnosieTusieHoBara
opaHxepus. MNpu copTt Her Majesty
npu TpUTE CpoKa Ha 3acaxpaHe
NPV NOICKN YCNIOBUS U Ha-paHHNSA
Cpok 25.11 B nonneTuneHoBa opaH-
Xepusa MpoLEeHTbT Ha MbpBU pas-
Mep TpyaKOSyKOBMUM €  MHOro
BUCOK 0T 87.06% pn0 92.95%.

Mpn copt White Prosperity
6poAT Ha popMupaHuTe AETKM OT
efHa MaluMHa rpygKonykosmua u
npn TpUTE CpoKa Ha 3acaxjaHe
npwv NOJICKN YC/IOBUA € MNO-roNsiM
OT TO31 B NO/IETUIEHOBA OpaHXe-
pus. MNpu copT Rose Supreme npu
NMbpBUTE ABa CPoOKa Ha oTrnexaa-

CONCLUSIONS

The different planting dates in
cultivar White Prosperity and in
cultivar Her majesty did not
significantly affect the propagation
coefficient and the difference is
very small and unproven between
the highest and lowest results
respectively 0.39 pc. and 0.25 pc..

For the variety Rose Supreme the
highest propagation coefficient of
corms was obtained from both
planting dates 10.IV and 25.IV
under field conditions and the
earliest date in greenhouse. The
propagation coefficient was
respectively 2.25 and 2.02 pcs.
and 1.93 pcs..

Of 6 tested planting dates the
number of size one formed corms
is greater than 50%, while in
cultivar Rose Supreme and White
Prosperity this coefficient under
field conditions is higher than in the
plastic greenhouse. For the three

planting dates under field
conditions and from the earliest
date 25.11 in plastic

greenhouses,the percentage of
formed fist size corns varies from a
high of 87.06% to 92.95% in
cultivar Her Majesty.

The number of formed
cormels by a mother corm in
cultivar White Prosperity for the
three planting dates under field
conditions is higher than the same
dates in a plastic greenhouse. In
the variety Rose Supreme for the
first two planting dates in the field
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HEe Ha OTKpUTO ca obpa3syBaHu
Han-ronsaMm O6poil OeTkn OoT edHa
rpyaKosiykosuua CbOTBETHO 68.91
6p. n 63.16 6p. Hali- ronsm 6poii
fetkn npu copt Her Majesty ca
Nosly4eHN npu NbpPBUSA CPOK Ha
3acaxxgaHe Ha OTKpUTO — 65.63
6p., a npu octaHanute 5 cpoka —
Bapupat oT 39.11 6p. ao 53.52 6p.
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