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NPOYYBAHE BBPXY BE3MOXHOCTUTE 3A NOEBTUHABAHE HA
IN VITRO MYNTUMNMNKALUUATA HA ArOQA COPT "CENBA"

N. Hauesa, I, lepyesa

HMuemumym no neowlapcmeo — [Tnoadue

STUDY ON THE POSSIBILITIES OF CHEAPER IN VITRO
STRAWBERRY CV. “SELVA” MULTIPLICATION

L. Nacheva, P. Gerche’va

Fruit Growing Institute — Plovdiv

PE3OME

UHctutyt no  OsowgspctBo -
Mnosaus wWMa AbLATOTOAMLLEH ONUT B
FasMHOXaBaHeTO Ha COpTOBE AroAu uH
GUMPO KAKTO 33 EKCNepUMEHTanHW uenu,
Taka W KaTo YacT 0T nporpamara Ha
Jasopga 3a nNpoM3BOACTBO HAa OBOLWIEH,
NO308 U AroA0B NocagbyeH marepwan.

LlenTa Ha HacTOALWOTO U3CNeaBaHe
e pa ce npoyy4art BbL3MOXKHOCTUTE 3a
NOEBTWHABAHE HA MWKPOPa3MHOXaBaHETO
Ha Aroau Ypes W3nonayBaHe Ha Pasnu-Hu
BhrnexwaparHu W3TOYHUUM B
XpawuTtenHara cpepa (3axapo3a,
rnoko3a, obvkHoBEHa 3axap u copbuton)
W NepnuT KaTo 3aMecTUTen Ha arapz B
€Tan MynTunnnKauus.

Manutadn ca  BapuaHTu  Ha
xpauuTenHa cpepa MS c pobaeka Ha
pasnuyHA BBLIMEXUAPaTHU U3TOMHWUM —
30 g 3axaposa, 30 g rnwkoza, 30g
copbuton u 30 g ofukHoBeHa 3axap.
Bcsika oT cpegute e B ABe MOogUdUKauuu
— C arap KaTo XKenupalj areHr u TeuHa
(100 ml) B BypkaHu CbC CTEpUNEH NepauT
K3TO NOAABPKALY PACTEHUATA MaTepuan.

Wanon3sa4eto Ha rmokosa B
XpaHWTenHUTE cpeau BOAW A0 OBYKPaTHO
yBenu4yeHue Ha KceuumeHTa  Ha
MYNTUNNUK3AUWS NpU  Arogosus  copT

SUMMARY

Frut Growing Institute - Plovdiv
has many years experience in in wito
multiplication of strawberry cultivars both
for experimental goals and as a part from
the program of the Commercial laboratory
for production of orchard, vine and
strawberry planting material.

The present research aims to study
the possibilities of cheaper strawberry
micropropagation by using different
sources of carbohydrates in the nutrient
medium (sucrose, glucocse, table sugar
and sorbitol) and perlite as a substitute of
the agar in the multiplication stage.

Variants of nutrient media MS with
addition of different sources of
carbohydrates — 30 g sucrose, 30 @
glucose, 30 g sorbitol and 30 g table
sugar - are tested

Each medium has two
modifications — with agar as a jelly agent
and liquid one (100 ml) in jars with sterile
perlite as a supporting material for the
plants.

The use of glucose in the nutrient
media leads to double increase of the
multiplication rate of strawberry cv. Selva
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.Cengea’ B cpasHeHue cbe 3axaposata. B
NPOU3BOACTBEHM  ycnioBua TosBa  Ow
JoBeno Ao nonyyaeaHe ka ABa MbTu
NoBEYEe BUCOKOKAYECTBEHW pacTeHns W

CbOTBETHO 0o HamansigaHe Ha
cebectoiHocTTa uMm. [JONbNHWUTENHO
HamanssaHe Ha npoussBoacreeHuTe

pasxogu MOX2 fa ce nocTUrHe u4pes
3aMAHa Ha CKbNOCTPYBALUW KOMMOHEHTH
Ha cpeparta KaTo arap W 3axapoia unu
TMIOKO338 € 10-EBTMHW — CbOTBETHO
NepnuT 41 0BWMKHOBEHE 3axap.

KnwoyoBn Qymu rnoko3a, nepnur,
aroam, obukHoBEHA 3axap,
MUKPOPa3MHOXaBaHe /

WznonayBaHu cbKpaweHun: BAP
- 6-benzylaminopurire; IBA - indole-3-
butyric acid;, DMRT - Duncan's Multiple
Range Test.

yBOa

B nepuoaa Ha
npuckeanHseade Ha bbnarapus
kbM EC c ocobeHa akTyanHocT ce
Hanara HeobxoagumocTTa oT
NPOU3BOACTBO Ha cepTudvuupan
OBOLWUEH nocaabyeH marepuan.
BaxHo MsicTo B8 TO3M npouec
3aema 1u3bopbT U NPOU3BOACTBOTO
Ha nogxopsww, ceobogHu oOT
BUPYCHM COpPTOBE HAroan, KOUTO
aBTEHTUYHO npeaasat
BuonomyHnte n  MopgonoruyHK
cBOWCTBA Ha Man4nHOTO
pacteHve, W3paBHEeHW ca u
ocurypsaBaT BWUCOKO U peaoBHO
nnogoaaBaHe. Mopagn  Taswu
NpuvYMHa OT roNsMo 3Ha4YeHue e aa
ce oOonTuMuaupaTt wmertoguTe 3a
MacoBOTO MM pasMHOXXaBaHe B UH
8UMPO YyCNOBUA.

MbpBute  cbobuwieHns B
nutepatypata 3a YCnewHo uH
8UMPO pa3mMHO)KasaHe Ha CopToBe
arogu gatupart ot 70" rogMHu Ha

compared to that of the sucrose. This
could lead to obaining two times more
high-quality  plants in production
conditions and to decrease in their cost
price respectively.

Additional  decrease in the
production expenses can be achieved by
replacing expensive components of the
medium as agar and sucrose or glucose
with cheaper ones - perlite and table
sugar respectively.

Key words: glucose, perlite,
strawberries, tatle sugar,
micropropagation

Abbreviations: BAP - B

benzylaminopurine; IBA - indole-3-butyric
acid DMRT - Duncan's Multiole Range
Test

INTRODUCTION

In the period of Bulgaria's
accession to the EU the need of
certified planting material for fruit
crops producton has a special
actuality.

The choice and production of
suitable, virus-free  strawberry
cultivars that hand down the same
biologic and morphologic features
of the mother plant have important
role in this process.

These features are equalized
and provide high and regular fruit
bearing.

For  that reason the
optimization of the methods for
their mass multiplication in in vitro
conditions is very important.

The first reports in literature
of successful in vitro multiplication
of strawberry cultivars date from
the 70s of the last century.

After the first experiments of

Vine (1968), Boxus (1974)
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MuHanua Bek. Cneg nbpsBute
onutu Ha Vine (1968), Boxus
(1974) paspabotBa meToguka 3a
MUKpOpPa3MHOXaBaHe Ha Rroau.
KbM TexHwkata € nposBeH
OrPCMEH WHTEepec OoT roneMmuTe
npoussoguTENM Ha nocagbyeH
matepuan. B momeHTa no TO3U
METo4 B CBeTa ce npouvasexaar
MUNWOHK pacTtenusa. UHCTuTyT no
Osowapcteo - [noaus wuma
AbNroroAvLeH onuT B
pasamMHOXaBaHeTO Ha  copToBe
AroAM KakTO 3a eKCnepumeHTanHu
uennw, Taka W KaTto 4act oOT
nporpamata Ha 3asBoga 3a
NMPON3BOACTBO HA OBOLUEH, NO30B
U ArofoB nocagbueH maTepuan.
WHTepecbT HM kbM npobnema ce
obycnaBs OoT HeobOxogumocTTa 3a
HenpekbcHaTo nogobpssaHe Ha
cblyecTByBawmTe TEXHOMOTUMN.
Moao6Hu nacnegsaHua ce
u3sbpLuBaT B peavua
nabopatopuu, Hesasucumo OT
ABbNrOrOAVLLIHWA  ONWUT C  Teau
KynTypu. Te ca Haco4YeHu KbM
onTUMWU3MpaHe Ha MeTogukata ¢

uen NoeBTUHABaHE Ha
NPOU3BOACTBEHMA  Mpouec W
npeogonssaxe Ha HAKOW
dusmonornyHn npobnemu KaTto
BCTbKNABAHETO Ha UH 6umpo
pacTteHusTa.

LlenTa Ha HacToaLWOoTOo

nacnensaHe 6e aga ce npoyvyar
Bb3MOXHOCTUTE 32 NOEBTUHABAHE
Ha MWKPOPa3MHOXaBaHeTo Ha
ArognM 4Ype3  u3nonsysaHe Ha
pasnuyHn BbrnexuapartHu
W3TOMHUUM B XpaHWUTeNHaTa cpena
(3axaposa, rnwko3a, obukHoBEHa

elaborates methods for
micropropagation of strawberries.
The huge nurseries show
their big interest in that technique.
Now by this method millions
of plants are produced.

Fruit Growing Institute —
Plovdiv has many years
experience in in vitro multiplication
of strawberry cultivars both for
experimental goals and as a part
from the program of the

Commercial laboratory for
production of orchard, vine and
strawberry planting material.

Our interest in the problem is
determined by the necessity of
incessant improvement of the
existing technologies.

Similar  researches  are
carried out in many laboratories,
regardless of the many years
experience with these cultures.

They are directed to
optimization of the methods in
order the production process to
become cheaper and some
physiologic problems like
vitrification of the in vitro plants to
be surmounted.

The present research aims to
study the possibilities of cheaper
strawberry micropropagation by
using  different sources of
carbohydrates in the nutrient
medium (sucrose, glucose, table



3axap v copbuton) u NepnuT Kato
3amecTuTen Ha arapa B eTan
MYnNTUNANKAUUA.

MATEPWAN W METOOW

PacTturenen matepuan

M3cnepsaHuATa ca
npoBeaenn B nabopartopuaTa no
BuotexHonorus Ha WHCTUTYT no
Osowapcteo - [lnosaus npe3
2007 w» 2008 r. c srogoBusi copT
Censa. .
ca

N3xoaHuTe  pacreHus
ceoboaHu oOT BMpYCM WU ce
otrnexgar B8 WHctutyT  no
Osowapcteo — [lnoaus npu
HenpekbcHaT dutocanuTapeH
KOHTpON.

BbuBexpnawe B uH eumpo
KynTypa

BeretatueHn Bpbx4yeTa oOT
u3cneasaxuTe reHoTunm ca

B3WMaHV Npe3 onTUManHusa Cpok —
BTOpaTta MOMoOBMHA Ha anpwun u
HayanoTo Ha maMu.

Crepunusauuara Ha
EeKCNNaHTUTEe € Wu3BbpleHa no
cTaHgapTHa npoueaypa:

«[lpomusaHe ¢ Tevalwla sona
3a 1 yac;

«95% eTunos ankoxon 3a 30
sec.;

e Kanuuee xunoxnoput (5%
pasTBOp) C NPOABLIMKATENHOCT Ha
ctepunusaumsta 5, 7 1 9 MuHyTH;

e[lpoMMBaHE CBLC CTEpunHa
AecTunupaHa Boga TPUKPATHO 3a
1, 5 n 10 MuryTH.

Taka obpaboTexure
eKCnnaWT¥ ca  3anaraim B
XpaHuTenHu cpean Ha BGasara Ha

sugar and sorbitol) and perlite as a

substitute of the agar in the
multiplication stage.
MATERIAL AND METHODS

Plant material

The research is made in the
Biotechnological laboratory at the
Fruit Growing Institute Plovdiv in
2007 and 2008 with the strawberry
cv. Selva.

The source plants are virus-
free and are grown in the Fruit
Growing Institute — Plovdiv having
permanent phytosanitary control.

Establishment of in vitro
culture

Vegetative buds from the
studied genotype were taken
during the optimum period — the
second half of Aprii and the
beginning of May.

The sterilization of the
explants 1s made in regard to the
standard procedure:

» Washing with tap water for 1
hour;

¢ 95% ethanol - 30 sec;

e Calcium hypochlorite (5 %
solution) with duration of the
sterilization 5, 7 and 9 minutes;

« Washing with sterile distilled
water three times for 1, 5 and 10
min.

Thus treated explants are set
on nutrient media based on MS
(Murashige and Skoog, 1962) both



JB1
el

T
)ar
es

(Of
Jal
bo
an
yP!
po
TY¢

=M

o7
-3

pC
IC1

pe

N
=23

MS (Murashige and Skoog, 1962)
c u Be3 pobaBka Ha pacTexHu
perynaTtopw.

MynTunnukaums

C sroposusa copt Cenea ca
nposeaeHn [Be Ccepuv  onuTw,
XpaHuTenHuTe cpeawn 3a nbpeaTa
cepusi ca npeacrtasenu B Tabnuua
1.

Tabnuua 1. XpanuTenHu cpeau 3a MynTUNnuKauus Ha srogu copr Censa
Table 1. Nutrient media for multiplication of strawberry cv. Selva

with and without growth regulators.

Multiplication

Two series of experiments
are made with the strawberry cv.
Selva.

The nutrient media for the
first series are presented in Table
(2

f

3axapoaa
Bapuantu MakpoenemeHTn sucrose
Variants Macroelements BAP mg/l IBA mg/l /l
ST1 MS 0.56 0.001 30
ST2 50% MS 0.56 0.001 30
ST3 MS 0.28 0.001 30
ST4 50%MS 0.28 0.001 30

3a BTOpaTa cepus oOnuUTK |

KaTo OCHOBHa xpaHuTenHsa cpepa
e nopbpaHa ST1, nokasana Hawn-
[o6pu pes3yntatiu B NbpBUS ONUT.
W3anuTaum ca 4yeTupun BapuaHTa Ha
cpegaTta ¢ gobaska Ha pasnuUyHM
Bbrnexvaparin matovHuum — 30 g
3axaposa, 30 g rnwokoza, 30 g
copbuton n 30 g obukHoBeHa
3axap. Bcaka ot cpeaute e B ABe
mogucumkaumm - ¢ arap kaTo
xenupauy areHT n TeyHa (100 ml) B
BypkaHu cbC CcTEpuned nepnuT
Kato nNoAabpXKall pacTeHusTa
maTepuan.

PacTteHuata ca 3anaraHu B
CTbKNeHun OypkaHu C npoapayeH
kanak. Mpu onutUTe BBLB BCEKM
Oypkan ca 3anaraim no 10
€0VWHNYHM  pacTeHMs B Tpwu

Nutrient medium ST1, which
showed the best results in the first
experiment is chosen for the
second experiment.

Four variants of medium with
addition of different carbohydrates
- 30 g sucrose, 30 g glucose, 30 g
sorbitol and 30 g table sugar, are
tested.

Each medium has two
modifications — with agar as a jelly
agent and liquid one (100 ml) in
jars with sterile perlite as a
supporting material for the plants.

The plants are put in glass
jars with transparent lid. In the
experiments 10 single plants in

1535

-

> =

O TGO X W

b B o N

Ce
TC
ne

3832

of
ar
cT

uE



NOBTOPEHWA 3a BCAKa XpaHUTenHa

cpepna.
Cnen 4 ceiMUYHO
KynTMBUpaHe Ha CbOTBETHUTE

XpaHUTeNHU cpeaun ca OTYUTaHM
cnepgHUTE nokasartenu:
o KoedwuumeHr

MyNTUNNUKaLUWS,
» [lpwpacT Ha eqHo pacTexue
Ha Da3za ceexo Terno (FW);
e [lpupacTt Ha eqHO pacTexve
Ha Basa cyxo Ternc (DW).
BropeHsBaHe
MukpopacTenusta ca
BKOpeHsiBaHn Ha OesxopmoHanHa
XxpaHutenHa cpega no  MS
oborateHa c¢ 20 g/l 3axapoasa.
3anaraHm ca 15 pacreHus B
BypkaH B 4 NOBTOPEHUR.
lMpoueHTbT Ha BKOpeHABaHe e
oTt4yeTeH Ha 20™" peH.
Bewuku uv eumpo pacteHus

Ha

ca KynTMBMpaHuW B Kamepa C
TeMnepartypa 22+2°C n
¢otonepuon 16/8 yaca (40 umol
m?s” PPFD).

Apanrauus

Apantauusita Ha pacteHusTa
Ce WU3BbpWBa B CaKCUKKM C
ToptheHo-NepNUTHa cmec,
NOCTABEHN BbB BNAXHW KaMepkw,
npy Temnepatypa 20+2°C n
cdotonepuog 16/8 yaca (60 pmol
m?s” PPFD).

Craructuyecka obpaboTka
Ha pe3ynraTture

MonyyeHute pesynratn ca
obpaboTeHn craTucTudecku udpes
aHanus Ha BapwaHca n
CTOMHOCTUTE ca pa3snpepenexHu
ypes Tecta Ha [OvHkaw (Duncan's

three repetitions for each nutrient
medium are put in each jar.

After 4 week cultivation on
the respective nutrient media the
following parameters are reported:

» Multiplication rate (Km);

e Growth of a single plant on
the basis of its fresh weight (FW);

e Growth of a single plant on
the basis of its dry weight (DW).

Rooting

The microplants are rooted in
hormonal-free nutrient media on
MS, supplemented with 20 g/l
sucrose. 15 plants in 4 repetitions
are put in each jar. The percentage
of rooting is reported on the 20"
day.

All  in vitro plants are
cultivated in a camera with
temperature 22+2°C and

Ehotopenod 16/8 hours (40umol m’
s PPFD).

Acclimatization

The adaptation of the plants
is made in little pots with peat-
perlite mixture, set in little damp
cameras at temperature 20+2°C
and photoperiod 16 hours (60umal
m?s” PPFD).

Statistic elaboration of the
result

Data are analyzed by
analysis of variance and the
means are separated using the
Duncan's multiple range test

1536



multiple range test P<0.05)

PE3YNTATU U OBCBXOAHE
, - Crepunusaums
BbBeXJaHe B KynTypa
M3nonassaHute
CTEpUNU3aLUNOHHN npoueaypu ca
cTaHgapTHU npu paboTa ¢ 0BOLWHU
BWAOBE U NPU BCUYKN BapvaHTu ca
nonyyenHn 85-100% crepunuu
ekcnnaHTtu. Haun-noaxoaswo no
OTHOLLEHME NpPEeXUBAEMOCTTa Ha
pacTeHuaTa ce okasa 5 MUHYTHO
TpeTUpaHe C Kanuuwes XMnoxnopur,
npy¥ KOETO Ce OocurypsiBa BUCOKa
(Han 85%) cTenex Ha
obes33apassBaHe, ekcnnaHTute ca
CBEXW, 3ENEHN U XUIHEHU U UmaT
BMCOKa CTENEH Ha afanTauus KbM
UH 8UMPO YCNOBWS.
2. Mukpopa3MmHoXxaBaHe
OcHoBHa Uen Ha onuTuTe C

arogu copT Cengea e
ONTUMU3NPAHE W NOEBTUHSABAHE Ha
cblUecTByBaLuTe TEXHOMOTUW.

ToBa MOXe pa ce NOCTUrHE OT
eHa CTpaHa 4ype3 nosuwasaHe Ha
KoeuymueHTa Ha MynTUnnukauus
n nogobpsBaHe Ha Ka4ecTBOTO Ha
MUKpOpacTeHusTa, a oT apyra —

ypes noeBTUHABaHe Ha
CbCTaABKUTE HAa  XpaHUTENHUTE
cpeau.

3a nocturaHe Ha Ta3u uen
onuMTUTE Cca u3BedeHu Ha [ABa
eTana.

NMpoBeneHu ca
eKCNepuMeHTH 3a onpeaensHe Ha
BNIMSHUETO HA MakpoeneMmeHTuTe
W pacTexHuTe perynatopun Bbpxy
koedbuumneHTa Ha MynTUNAUKaUuA
M PU3NONOrMYHOTO CLCTOAHWE Ha

| (P<0.05).

RESULTS AND DISCUSSION
1. Sterilization and
establishment of in vitro culture
The wused procedures of
sterilization are standard for fruit-
trees and for all variants 85-100%
sterile explants are received.

The most suitable in regard to
the survival of the plants appeared
the 5 minutes treating with calcium
hypochlorite which provide high
(above 85 %) level of disinfection,

The explants are fresh, green
and have high level of adaptation
to in vitro conditions.

2. Micropropagation

Main goal in the experiments
with strawberries cv. Selva is
optimization of the existing
technologies and making them
cheaper.

This can be achieved by
increase in the multiplication rate
and improvement of the quality of
microplants on the one hand, and
by making cheaper the ingredients
of the nutrient media on the other
hand.

To achieve that goal the

experiments are made in two
stages.
Experiments for

determination the influence of the
macroelements and the growth
regulators upon the coefficient of
multiplication and  physiologic

condition of the plants (Figure 1)




pacteHusTa (durypa 1). f
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are carried out.

" Il passage

| passage

ST4

®ur. 1. BnuaHue Ha cbCTaBa Ha XpPaHUTENHUTE Cpeau BbpXy KoedMLUMEHTa Ha
mynTunnukauus (Km) npu sroam copr Censa cneg nbpevM U BTOPKU Nacax
Fig. 1. Effect of nutrient media on the multiplication rate (Km) of strawberry cv.

Selva after 1**and 2"*passage

Ha BCUYKM  XpaHUTENHU
cpeau MUKpopacTeHusaTa  ca
CBEXMW, 3eneHun, be3 BCTbKNABaHe,
c pobpe odopmenu nucta. [lo
OTHOLUEHME HA KoeduuneHTa Ha
MyNTUNNUKaUus Han-no6pu
pe3ynTaTu KakTo B NbpBUS, Taka u
BbLB BTOPUA Nacax ca OTYETEHMU Ha
cpeaa ST1 ¢ koepuuueHT Ha
MYNTUNNMKaUMA cboTBeTHo 9.33 1
10.12. Ta3u cpepga e uanonssaHa
3a bGasoBa npu cnegsawmTe
onuTy.

OcHoBHa uen ~a
cneasawuTe  eKcrnepumeHTu e
ONTUMU3UPAHE Ha METoAUTE 3a UH
8UMPO pa3MHOXaBaHe Ha cCopToBe
Aroam 3a CHWKaBaHe Ha
NPOV3BOACTEEHUTE pasxoam.

Mpesta e paa ce NOCTUrHe BUCOK

On all nutrient media the
plants are fresh, green, without
vitrification,  with  well-formed
leaves.

Regarding the multiplication
rate the best results both in the first
and second passage are reported
on medium ST1 with coefficient of
multiplication 9.33 and 10.12
respectively.

This medium is used as base
also in the following experiments.

Main goal in the following
experiments is optimization of the
methods for in vitro multiplication
of strawberry cultivars in order the
production expenses to be

1538
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KoedUUNEHT Ha MyNTUNNUKaAUUS W
OT/INYHO Ka4YyecTBO Ha pacTeHusTa
npyv 3amMsiHa Ha CKbNO CTpyBaLuw

KOMNOHEHTU Ha XpaHWTenHata
cpeaa C No-eBTUHW.
MonyuyenuTe pesyntaTtu

nokaseaT, 4e W3Nona3yBaHeTo Ha
rMIOKO3a B XpPaHUTENHWTE cpeau
BOAW [0 ABYKPaTHO YyBeEnu4yeHue
Ha koeduymneHTa Ha
mynTunaukauus (Km) Ha sarogosus
copt Censa 8 cCpaBHeHWE CbC
3axapo3aTta npu eaHaKBO HWBO Ha
uanonapaHuTe pacTexHu

perynatopu (curypa 2).

301

25

20

Multiplication rate (Km)

Glu

reduced.

The idea is a high coefficient
of multiplication and excellent
quality of the plants to be achieved
when the expensive components
of the nutrient medium are
replaced by cheaper ones.

The results show that the use
of glucose in the nutrient media
leads to double increase in the
strawberry multiplication rate (Km)
compared to the sucrose where
the level of the used growth
regulators is the same (Figure 2).

@ perlite
a Oagar

Sb TSu

®ur. 2. KoechmumeHT Ha MynTUnnMkauua Ha srogu copt CenBa Ha XpaHUTENHM
cpeau C pa3snuyeH BbrnexuaparteH M3TOYHMK — 3axapo3a (Su), rnwkosa (Glu),
cop6uton (Sb) u obukHoseHa 3axap (TSu). PaanuuyHure OyKBM HA BCAKA KONOHKa
nokassar 3Hayuma pasnuka (P<0.05) no lbHkan (DMRT)

Fig. 2. Multiplication rate of strawberry cv. Selva on nutrient media with different
sources of carbohydrates — sucrose (Su), glucose (Glu), sorbitol (Sb) and table
sugar (TSu). Different letters within each column indicates significant difference
(P<0.05) by DMRT

PacreHussitTa ca  cBexw, The plants are fresh, green,
3eneHu, bes BCTbKNsiBaHe. without vitrification.
[obpoTto PuU3nonornyHo The good physiologic status

cbCTOAHME Ha MukpopacTtenusita of the microplants is confirmed by
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ce NoTBbpXAaBa OT AaHHWUTE 3a
npupacta Ha efHo pacTeHue Ha
Hasa ceexo v cyxo Terno (curypm
3n4).

mg FW
@
a8

the data for the growth of a single
plant on the basis of both its fresh
and its dry weight (Figures 3 and
4),

Su Glu

TSu

®ur. 3. MNpupact Ha egHO pacTeHue (NO cCBeXa maca) NPU KynTUBMpPaHe Ha
XpaHUTeNHW CpelM C PasnuuyHKu Bbrnexmapary — 3axaposa (Su), rnwko3za (Glu),
copbuTon (Sb) u oBbukHoBeHa 3axap (TSu). PaznuynuTe OyKBM Ha BCSAKA KONMOHKa
noka3saT 3HauuMma pasnuka (P<0.05) no fiuukan (DMRT)

Fig. 3. Growth of a single plant on nutrient media with different sources of
carbohydrates - sucrose (Su), glucose (Glu), sorbitol (Sb) and table sugar (TSu)
on the basis of its fresh weight. Different letters within each column indicates

significant difference (P<0.05) by DMRT

Onutn ¢ obukHoBeHa 3axap
ca npoBe}aaHn camMo Ha TBbpaa
xpawutenHa cpepa. Ha Team
BapuMaHTM Kakto Km, Taka #u
npupacrta Ha €eOHO pacTeHvwe ca
cpaBHUMMU nnm no-nobpwu,
OTKONKOTO NPV W3non3yBaHe Ha
3axapoaa. BkniousaHeTo Ha
copbuTon B cpenute 3a
MyNTANNUKaUMS Ha sAroga He
Aosene Ao ovakeawute nobpu
pesynTartu. YcraHoBeHo e
cHWxasaHe Ha Km u npupacta Ha
pacteHuaTta. Pesyntatute no
OTHOWeEeHNEe Ha wu3cneaBaHuTe

Experiments with table sugar
are carried out only on hard
nutrient media.

On these variants both the
multiplication rate and the growth
of a single plant are comparable or
better in regard to the use of
sucrose.

The inclusion of sorbitol in the
media for strawberry multiplication
does not lead to the expected good
results.

Decrease in the multiplication
rate and the growth of the plants is
determined.
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The results in regard to the
studied indicators are definite in
media based on agar and in liquid
media with perlite.

A typical feature is the lower
multiplication rate for the glucose
on media with perlite compared to
those with agar, but this Iis
compensated by the equal growth

of the dry mass of the plants.

Sb TSu

@ur. 4. MpupacT Ha eaHo pacTeHue (no cyxa maca-DW) npu kynTuBupaHe Ha
XPaHWTENHU Cpeau C PasnuyHK BbrinexuapaTu — 3axapo3a (Su), rnwkosa (Glu),
cop6uton (Sb) u o6ukHosena 3axap (TSu). PazanuuynuTe GyKBM Ha BCAKA KOMOHKA
nokKaiBar 3Ha4YuMma pasnuka (P<0.05) no nHkad (DMRT)

Fig. 4. Growth of a single plant on nutrient media with different sources of
carbohydrates — sucrose (Su), glucose (Glu), sorbitol (Sb) and table sugar (TSu)
on the basis of its dry weight (DW). Different letters within each column indicates
significant difference (P<0.05) by DMRT

BapuaHtute Ha The variants of the nutrient
XpaHuTenHuTe cpeau ca noabpaHu | media are chosen in regard to the
Bb3 OCHOBA Ha npeauwHus onut | previous experience of the team
Ha ekuna v nutepatypHu gasHu. B | and data from the literature. In the
nocneagHuTe roauMHU Ha TO3u | recent years the scientific literature
npobnem B HayuysaTta nutepartypa | pays more and more attention to
ce obpbwa Bce no-ronamo | that problem.

BHUMaHue. Npoyysa ce BNUAHNETO The influence of the
Ha Bbrnexuaparure BbpXy | carbohydrates upon the processes
npouecure Ha | of micropropagation, differentiation
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MUKpOpa3MHoXaBaHe,
andepeHumnayms n
aeavcepeHunaums Bk

pacTuTenHuTe TbkaHu, xabutyca un
MU3NONOrMYHOTO CbLCTOAHKME Ha
pacteHusTa uH sumpo. Hapep c
TPaANUUOHHO u3nonsysaHaTa
3Jaxaposa KaTo CcbCTaBka Ha
XpaHUTENHWUTE cpean ce manuTear
copbuton, rnwko3a, pyKTO3a,
Mmauuton wn ap. [lposegexuTe
eKCnepumMeHTn C Srofosus copT
Cenea noTBbLPXKAABAT, ye
BbrNexvapaTHUAT  CbCTae  Ha
cpeaarta MoXe CUNHO Aa nosnusie
ycnexa Ha UH eumpo
KynNTUBUPAHETO. Hain-nobpu
BapuaHTU 3a MUKpOpasmMHoOXaBaHe
Ha SAirofa B HalnTe eKCnepumeHTi
ca Tean C [NwKo3a B arapoea
XpaHuTenHa cpena. Toga
BEPOATHO C€& [AbMKW Ha no-
NbNHOTO YCBOSIBAHE Ha rnkosaTta
OT XpaHuTenHata cpega B
CpaBHeHue CbC 3axapoasara
(Borkowska, 2000). MNpunaraseto
Ha Ta3u cpefa B NPON3BOACTBEHN
yCnoeus 6u floBeno ao
nofyyasaHe Ha Asa NbTU noseve
BMCOKOKa4YeCTBEHW PpacTeHus u
CbOTBETHO [0 HamanssaHe Ha
TAXHaTa cebecTonHoOCT.
[onbnHuTenHo HamansesaHe Ha
NPOU3BOACTBEHUTE Pa3xoau MoXxe
Aa ce NOCTUrHe 4Ypes3 3amsHa Ha
CKbNOCTPYBALUU KOMNOHEHTM Ha
cpepara kato arap M 3axaposa
Unu rnoKosa C NO-eBTUHU —
CbOTBETHO NepnuTt u obukHoBeHa
3axap. HawwuvatT ekun uma onut B
M3NOnN3yBaHETO Ha TeyHa cpepna c
nepanuT  wvnu  Apyru  UHEpPTHKW

and dedifferentiation of the plant
tissues, the habitus and the
physiologic condition of the in vitro
plants is studied.

Besides the traditionally used
sucrose as an ingredient of the
nutrient media sorbitol, glucose,
fructose, manitol, etc. are tested.

The experiments carried out
with the strawberry cv. Selva
confirm that the carbohydrated
 content of the medium can
influence in great extent the
success of the in vitro cultivation.

The best variants for
strawberry micropropagation in our
experiments are those where
glucose is used in the agar nutrient
medium.

One possible reason is that
compered to sucrose glucose is
depleted nearly completely from
the nutrient medium (Borkowska,
2000).

The use of such medium in
production conditions could lead
both to double increase in the
number of high-quality plants and
to decrease in their cost price.
Additional decrease in the
production expenses can be
achieved by replacement of the
expensive components of the
medium as agar and sucrose or
glucose with cheaper ones -
perlite and table sugar
respectively.

Our team has experience in
the use of liquid medium with
perlite or other inert carriers in the
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HocuTenu BbB hasa BKOpeHsABaHe
Ha BeretaTtMBHW NOANOXKW OT
CEMKOBU W KOCTUMKOBU OBOLLHW
Bugose. CbobLlueHns 3a onuTtu 3a
3amMsiHa Ha arapa B XxpaHuTtenHara
cpeaa ¢ Apyrn UHEPTHU HOCUTENU
uMa U B HayyHaTa nutepartypa.
Neeru v cwag. (2000) crobuwiaear
3a nosuwasaHe egekTUBHOCTTa
Ha MMKpOpasMHOXaBaHeTo Ha
Arofa Ypes u3nonasaHe Ha TeyHa

XpaHUTENHa cpeaa W HarbHat
MeANLMHCKK BuHT KaTo’
noaabpxaw matepuan. C uen

NOHWXKaBaHe Ha pasxogute W
nopgobpssaHe  KayecTBoTO  Ha
MUKpOpacTeHusATa npw
BKOpeHsiBaHe Ha qAropa (copt
Hosep) Mohan wu cwvas. (2005)
3aMeHAT arapa C UenynoseH
EeKCTPaKkT OT 3axapHOo LUBEKNO |
TeyHa cpega Cuutame, 4e TOBa
HanpasneHue Ha paborta e MHoro
nepcnekTUBHO n cneq
AONBAHATENHO ONTUMU3UPaHe Ha
cCbCTaBa Ha TeuyHaTta cpeaa
pe3yntatute no oOTHoweHue Kwm
e ca CbU3MepuMu C Te3u Ha arap
NPW 3Ha4YUTENHO CbKpalwjasaHe Ha
NMPOU3BOACTBEHUTE pa3XxoaW BbB
dhaza mynTuUnnukaums.

3: BkopeHsBaHe "
apanTtaumn

Beuukn  MukpopacTeHuss Ha
arogosusi copt Cenea ¢ nekora ce
BKOpeHsBaT Ha 6e3axopmoHanHa
XpaHuTenHa cpefa, nopagu KOeto
He ca npoBeaeHW AONLMHUTENHU

uscneasaHus B TOBa
HanpasneHue.

BkopeHenuTe pacteHus ca
afanTupaxu yCreLuHo KbM

rooting phase of vegetative
rootstocks from seed and stone
fruit-tree types.

In the scientific literature
there are reports of experiments
for replacement of the agar in the
nutrient medium with other inert
carriers.

Neeru et al. (2000) reported
about enhancing micropropagation
efficiency of strawberry by using
liquid medium with some layers of
surgical bandage as a supporting
material.

Mohan et al (2005)
substituted the agar  with
sugarcane bagasse with liquid

medium with aim to reduce the
costs and improve the quality of
strawberry plantlets cv. Dover at
the rooting stage.

We consider that this trend of
work is very perspective and after
additional optimization of the
content of the liquid medium the
results in regard to multiplication
rate will be comparable to those of
the agar with significant reduction
of the production expenses in the
multiplication phase.

3. Rooting and adaptation

All  microplants from the
strawberry cv. Selva rooted easy
on hormone-free nutrient medium
and for that reason, additional
experiments in this direction are
not carried out.

All rooted plants are adapted
successfully to outside conditions
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BbHLUHM ycnoBua u we Obaar
U3NoN3yBaHu B
excnepumeHTanHara paborta 8 MO
— Mnosaue

n3Boau

W3non3saHeTo Ha rniokosa B
XxpaHutenHuTte cpegun Boauv  go
ABYKpaTHO yBenuyexue Ha
KoeduuMeHTa Ha MynTunnuKayus
(Km) npu sroposus copt Cenea B
CpaBHeHWe CcbC 3axaposaTta npu
€[HAKBO HWBO Ha WU3nNonasaHuTe
pacTexHu perynaTopu;

KoeuumneHTsbT Ha
MYyNTUNAUKAUMS W NPUPacTbT Ha
€4HO pacTeHWe ca CpaBHUMW Wnu
no-pobpu  Ha  BapuaHTM  C
oBbukHOBEHa 3axap B cCpaBHEHWe C
n3nonayBaHe Ha 3axaposa;

KoechunumeHTsT Ha
MyNnTUNNMKauMs Ha cpegu C
NEPNUT € NO-HUCHK B CPaBHEHVE C
Tean C arap, HO TOBa Ce
KOMNEeHcUpa  OT  WU3paBHEHNs
npuMpacT Ha cyxata wmaca Ha
pacTeHusTa,

Bcuukn  mukpopacTteHuss Ha
saronosuna copT Censa ¢ nekota ce
BKOpeHaBaT Ha OesxopMoHanHa
XpaHuTenHa cpeaa.

BnarogapHocTu

MNpepcraseHata paspaboTka
e 4acT ot npoekt BM-36/2005 kbMm
H®"HU" npu MOH.

and will be wused in the
experimental work of Fruit Growing
Institute — Plovdiv.

CONCLUSIONS

The use of glucose in the
nutrient media leads to double
increase of the multiplication rate
(Km) of strawberry cv. Selva
compared to the sucrose where
the level of the wused growth
regulators is the same;

In the variants with table
sugar both the Km and the growth
of a single plant are comparable or
better than those with the use of
sucrose;

The multiplication rate of
strawberry cv. Selva on media with
perlite is lower than that with agar,
but this is compensated by the
equal growth of the dry mass of the
plants;

All  microplants from the
strawberry cv. Selva are rooted
with ease on hormone-free nutrient
medium.

Acknowledgements

This research is a part of the
project BM-36/2005, supported by
National Science Fund, Ministry of
Education and Science, Bulgaria.

NUTEPATYPA | REFERENCES
1, Borkowska B., 2000. Development and physiological status of
micropropagated strawberry plants rooted ex vitro and planted to different substrates.

Acta Horticulturae, 530, 333-338.

2. Boxus P. H., 1974. The production of strawberry plants by in vitro

mlcropropagatlon J. Hort. Sci., 49, 209-210.

Mohan R., E. Chui, L. Biasi, C. Soccol, 2005. Alternative Invitro

1544

™~



Kol
N3E
{An
CTr

lo3
nag
Po,
Bern
per
pag
B3

npe
3 1

Cbl
AN

Propagation: Use of Sugarcane Bagasse as a Low Cost Support Material During
Rooting Stage of Strawberry Cv, Dover. Brazilian Archives of Biology and Technology,
48, 37-42.

4, Murashige T., F. Skoog, 1962. A revised medium for rapid growth and
biossays with tobacco tissue cultures. Physiol. Plant. 15, 473-497.
5, Neeru S., Ranjan S., Singh, O., S. Gosal, 2000. Enhancing

micropropagation efficiency of strawberry using bandage in liquid media. J. Appl. Hort.,
2,92-93.

6. Vine S, L., 1968. Improved culture of apical tissues for production of
virus-free strowberries. J. Hort. Sci., 43, 293-7.

1545





