
'

'

Journal of Mauro/am Ag nculture en the Balkans. vol 11. 7, 2008, (1531 . 15-15.en 
Resea rr.:'J Ins /ltu/e of Mountain Stocllbreecing and Agnculture. TroyiJI 

lO" 
see 
see npOY4BAHE BbPXY Bb3MO)/{HOCTlilTE 3A nOEBHtHflBAHE HA 
~ O T: 

,60 
IN VITRO Mynnmnl1KAlll1flTA HA flroAA COPT "CEnBA" 

lMc; 
sax Jl. Haveaa, n. rep"'l6aa 

' MP 
a C

,"'. 
epn 

I1Hcmll' nym no o6owapcmeo - ttnoeoue 
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PE310ME 
V1HCH1Tyr no OBOlJ..lapCTBO 

nnoenae Io1Ma abnrorOJJ,lo1weH onar B 
l=aJMHO>KaeaHeTO «e coptcae ~rOA~ UH p"' eumoo KaKTO aa eKcnepVlMeHTanHIo1 ue.ta . 

bM taxa ~ KaTO "aCT or nporpavara Ha 
an 3aBOAa aa npoVl3BOACTBO Ha OBOlJ..leH. 

po< r030B \01 >1rOJJ,OB l OCa.o.b"eH warepaan . 
uenra «a Ha CTO~Ll.lOTO aacnenaeseBO< 

ee Aa ce npoycat Bb3MO)l(HOCHne aa 
a> ncesra- aeaee Ha M~KpOpaJMHO)l(aBaHeTO 

ae: Ha j:lroJJ,101 vpea v3n0113YBaHe Ha pa3nw-HIo1 
a B b r nexlo1~paTH\o1 Io1JTO'lHIo1UIo1 B 

XpaHIo1T€ .1HaTa cpena (aaxapoaa. "p 
fn 1QK03a. 06 101 KHoBeHa aaxap ~ COp6~TOIl )BT' 
101 nepn at KaTO 3aMeCTIo1Ten aa araoa B _0 
eran MynTlo1 nm1Kau~~ 

BO' V1 3 n~TaH~ ca Bap~aHTIo1 Ha 
ac xpaHIo1Te,1Ha cpen a MS c JJ,06aBKa sa 
c_ paJnVl'lH,II abrnex~JJ,paTHIo1 1013TO'lHIo1UIo1 

30 g aaxapoaa . 30 g rruceoaa. 309no 
COpOIo1TO., 101 30 g OOIo1KHoBeHa aaxap.

p" BCRKa or cpen are e B ABe MO,Qlo1epIo1KaL;~101 
e - c arap KaTO »enapeui areer 101 re-na 
lac (100 mil B oYPKaHIo1 CbC ctepanea nepnar 
un K3TO nOAQb p>KaLl pacre-uerra varepaan . 

V1"nOIl3Ba-teTO Ha rmOK03a B 
xpaawrenaare cpeA\o1 BOAIo1 AO .QByKpaTHO

"T yaen lol 'l eHVle «a Kceeplo1l.llo1eHTa Ha 
un 

M y n Tlo1 n nlo1 Ka l.llo1~ npa ~rO.Q OBIol~ COpT 
ro, 

SUMMARY 
Frurt Growing Institute - Plovdv 

has many years experience in in vllro 
mul tiplicatio n of strawberry culnvars both 
for experimen tal goals arid as a part from 
the program of the Co mmercial laboratory 
for production ::>f orchard. vme and 
strawberry plantln:l mater al 

The present research aims to stucy 
the possibilities of cheaper strawberry 
m icropropagation by US ing d lHerent 
sources cf carbohydrates 111 the nut nen' 
medium (sucrose, qlucose. tatte sugar 
and sorb itol) and perlite as a substitute of 
the agar in the mL ll iplication stage. 

Var ants of nutrien t med ia MS With 
add ition of drtterent sources of 
carb ohydrates - 30 9 sucrose, 30 9 
glucose, 30 9 sorbitol and 30 9 tab le 
sugar - are tested 

Each med ium has two 
modifications - with agar as a jelly agent 
and liquid one (100 ml) in jars with ste rile 
per lite as a supporting material for the 
plants 

The use of glucose in the nutrient 
med ia leads to ::louble increase of the 
multrplicat on rate of strawberry cv. Selva 
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.Cenaa' B cpaeaeaae CbC aaxapoaara. B 
npo1013BO~CTseHIo1 YCIlOBIo1~ TOB3 6101 
~OBeIlO ~O norty-raeaae -a nee nbTI'I 
nceeve SIo1COKOKal.leCTBeHI'I paCTeHIo1~ 101 
CbOTseTHO no uawanaaaae Ha 
ceoecrcaxoct-ra 1'11.1 AOnbIlHI1TeIlHO 
«awanaaaae Ha npoIo13BO~CTBeHIo1Te 

paaxona MO}i{2 na ce nOCT01rHe vpea 
3aM~Ha Ha cesnccrpyeauia KOMnOHeHTIo1 
Ha cpenara KaTO arap 01 aaxapoaa 10111101 
rmOK03a C 10-eSTI1HI'I - CbOTBeTHO 
nepnat II 06101KHoseHCl aaxap 

KmO"lOB~ AYM~ rIllOK03a , nepnwt . 
srona. 061'1KHOBeHa aaxap. 
vaxpopaavuoxaeaae 

VlJn OIl J YBaH~ CbKpal.L\eH~sl: SAP 
- e-tenzytam.noounre . IBA • mdole-S. 
butyric acid . DMRT - Duncan's Multiple 
Range Test. 

YBO,Q 
B nepaona Ha 

npL.1CbeAL.1H51BaHe Ha 6bflfapVl51 
KbM EC c ocooeaa acryanaocr ce 
Hanara He06xoAVlMocna OT 
np0L.13BOACTBO Ha CepTl4Q:>l4~VlpaH 

OB0l1.leH nocazrsvea MaTepVlaJ1 , 
Ba>KHO M51CTO B T03L.1 npouec 
saeraa 1t1360PbT L.1 npm13BoAcTBOTO 
Ha nOAXO,lJ,51l1.l1t1 , cBo60AHL1 OT 
BLo1PYCL1 coprose s:lroAL.1 , KOIt1TO 
aBTeHTLo14HO npeaaaar 
6Lo10nOrlt14HLo1Te It1 MOP¢0J1orIt14HLo1 
CBo~cTBa ua Ma~4L1HOTO 

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

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

Key w ords : 
strawberries. 
rrucropropeqation 

Abbrevi ation s : 

glucose. perlite. 
tatle sugar, 

BAP 6
benzytarruropurme. IBA - indole-3-butyric 
acd DMRT - Duncan's Multi:lle Range 
Test 

INTRODUCTION 
In the period of Bulgaria 's 

accession to tne EU the need of 
certified olanting material for fruit 
crops product on 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 ard regular fruit 

pacresae, 1t13paBHeHL1 ca Lo1 bearing.
 
ocarypasar Bl4COKO L1 penoaso I For that reason the
 
nJ10AO,QaeaHe. nOPaAVl Ta3Lo1 
npLo14~Ha OT r0J151WO 3Ha4eHLo1e e na 
ce OnTLo1M~3It1paT MeTOALo1Te aa 
MaCOBOTO L.1M pa3MHO>KaBaHe B UH 

eumpo YCJ10BL451 . 
nbpBL4Te cb06llteH~s:l B 

J1L4TepaTYpaTa sa ycneuiao UH 

eumpo pa3MHO>KaSaHe Ha coprose 
.rOA" aarapar OT 70" rcA"H" Ha 

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) 



M~Ha.n\.1s:1 ae«. cnen rrs paar e 
On"T" Ha Vine (1968), Boxus 
(1974) paapadorsa MeTOA"Ka aa 
MV1KpOpa3MHQ>KaeaHe 

KbM TeXHV1KaTa e 
orpove« V1HTepec OT 
npm1380A\.1Te.n\.1 Ha 

Ha ~roAlo1 . 

nposee« 
roneuare 

nocarrs-eu 
Marep\.1an. B MOMeHTa no 103\.1 

MerOA B CBeTa ce npoaaaexaar 
MlMH10HI1 paCTeHVI~. VlHcHrryr no 
OaOl.LtapCTBO nnOBAVlB \11M3 

Abnroro,Q\.1WeH onar B, 
pa3MHO>KaaaHero a a COPlOSS 

Rro,Q\.1 KaKTO 33 eKcneplo1M€HTaIlHIIl 

uena , r asa \.1 KaTO yael OT 
nporpauata Ha 3aeo.aa 38 
npm13BO,QCTBO Ha OBOLlteH , n030S 

\.1 sronoe nocaas- e« MaTepYlaJl . 
VlHTepeCbT H\.1 KbM npo6neMa ce 
ofiycnaaa OT Heo6xOAIIlMocna 38 
HenpeKbCHaro nO,Qo6pRSaH€ Ha, 
cvurectayeauiare reXH0I10n1t.1 . 

I nO,l106H\.1 V13cneAaa HLt1R ce 
E t.13BbpWaar B peaaua 
I nafioparopaa, He3aSIo1C\.1MO OT 

Ab nro ro,QIo1 WH V1 s:i onar C r83\.1 
E KYnryp~·1. Te ca HaCQ4eH\.1 KbM 
( onn1M1Il3\.1paHe ria MeToAIo1KaTa c 

~en noe BT~H~BaHe Ha 
np 0Ir13BOACTBeH ~ ~ npouec Ir1 
npeoAon~ Ba He Ha H~KOH 

s ep~3 \'lOnom4HH np06neMlit KaTO 
BC TbKJl~B aHeTO Ha UH eumpo 
pacreaas ra. 

c " WenTa Ha HaCTOSUl.lOTO 
H3cneABaHe 6e Aa ce npoyvar 

~ Bb3MO}f(HOCn1Te aa noesrwaaaaae 
1 Ha MHKpopa3MHO}f(aBaHeTo Ha 

~ro~~ xpea H3non3YBaHe Ha 
e	 pa3n~ 4 H Ir1 BbrneXHAPa TH~ 

x	 ~3T0 4 H H lIlr1 B xpaawrenaara cpea a 
(saxapoaa , rrJ tOK03a, 06 1r1KHOBeHa 

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. 

Simi lar researches are 
carried out in many laboratories, 
regardless of the many yea rs 
experience with these cultures. 

They are directed to 
op timization of the methods in 
order the production process to 
become che aper and some 
physiologic problems like 
vit rification of the in vitro plants to 
be surmounted. 

The present research aims to 
study the possibi lities of cheaper 
strawberry micropropaga tion by 
usinq diffe rent sources of 
carbohydrates in the nutrient 
medium (sucrose , glucose, tab le 



aa xa p VI COp6lr1 T0J1) VI nepJ1V1T KaTO 

3a MeCTVlTeJ1 Ha arapa B eran 
M ynTVlnJ1V1Ka Lt~'l=l . 

MATEPI1An 11 METOAI1 
PaCTHTeneH MaTepHan 

~3cneABaHVls:lTa ca 

npO BeAeHVI B na60parOplr1s:lTa n o 

6 V10Te x HOnOrVl s:l ua It1HcnnyT no 

OBO l..l.la pCTBO - nnOBAVlB npea 
2007 " 2008 r. c "rOAOe"" copr 
Cen sa. , 

1t13xoAHVlTe pacreaas ca 

CBo60A HVI OT BrlP YCVI VI ce 

orrnexaar 8 It1HCTVlTYT n o 

OBO l..l.la pCTBO nnoBAVlB npa 
Henpe Kb CHaT Q:>rlTOCaHVlTa peH 

KOHTpOIl. 

BbBe>KAaHe B UH eumpa 
Ky n Ty p a 

BereTaTVl BHVI Bp b X4eTa aT 

Vl 3cn€ABaHVlTe reHOTVlnVl c a 

B3V1MaHVI npea o n TVl ManHVl s:l CpOK 

sropara nOIlOBVlHa Ha a npan VI 

Ha4anOTO Ha Ma Vi . 

C Te p Vl IU13a LtVl l=lTa Ha 

exc nna -rra re e Vl3Bb pweHa n o 

CTa H,Qa p THa npouenypa: 
• rlpcvaeese c rexa uia BO,Qa 

aa 1 4ac ; 

. 95% e n 1JlOB anKOXOIl aa 30 
sec .: 

• Kan~V1eB xvnoxnopar (5% 
paarsop ) C npOAbIDKlt1TenHOCT Ha 

cre panaaa uaara 5, 7 VI 9 MVlHyrVl; 

• npOMVlsaHe CbC cr epunaa 
Ae CTVlIlVlpaHa BOA a TpVlKpa THO 3a 

1, 5" 10 M""YT" . 
Taxa ofipafiore xare 

eKcnIlaHTVI ca sanaraaa B 

xpaHVlTeIlHVI cpe,Q VI Ha 6 a 3a Ta 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 
cu lture 

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

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

• Was hing with tap water for 1 
hour: 

. 95% elhanol - 30 sec; 
• Calcium hypochlorite (5 % 

solution) with duration of the 
sterilization 5, 7 and 9 minutes : 

• Wash ing 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 
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'81 MS (Murashige and Skoog , 1962) 
let C 111 6e3 nofiasxa Ha pacrex-a 

perynaropa . 
MynntnIlHK3!.-'HH 

C S=irOA OB YI~ COpT Cenaa ca 
n pO Be~e H YI ABe cep YlYl OOIl1TII1 . 

•	 XpaHYlTeIlHl.1Te cpezia 33 rrspeata 
cepna ca npe,QCTaSeHII1 B rafinuua 

•	 1. 

with and without growth regulators 

Multiplication 
Two series of expenrne 5 

are made with the strawberry ClI 
Selva, 

The nutrient media for the 
first series are presented in Table 
1. 

• Ta6mHta 1. X pa HMTen HH cpen a aa M yn THn llM l(a l\l4 ~ Ha RrOA H co pr CeIlB3 
Tabl e 1. Nutrient media for multiplic.3tion of slrawberry"'c"'v."S"'e"lv,..a'- _ 

Bap\o1 3HTIII Ma ~poereMeHn\ 

Variants Macrcelements (0 , 

oa, S11	 MS 
60' 

ST2 50% MS an 
YPI S13 MS 
Ipo 

501lST4	 kMS
YYI 

3a BTopara cep ~ R onYlTII1 
Ka TO DCHQBHa XpaHII1TeIlHa CpeAa 
e noz fipaaa ST1 , nosaaana Ha(1

Ao5pYl peaynrara B nb pB~R onar. 
lt13m1TaH~ ca 4eT~p~ aapaaara Ha 
cpe,aaTa C Ao5aBKa Ha pa3n~4H~ 

Bbrnex~,apaTH~ ~3T04H~~Lo1 - 30 9 
aaxapoaa, 30 9 rrno xosa , 30 g

ipc 

" 

Cop 6~Ton ~ 30 g 06Lo1KHOBeHa 
IC1 saxap. BCRKa OT cpea are e 8 nee ," M o,a Lo1epLo1 Ka ~Lo1Lo1 - c arap Rare 
OT xenapaui areur Lo1 Te4Ha (100 ml) B 

6YPKaHLo1 CbC crepanea nepnur 
KaTO	 nO,Q,Qbp>Kall.\ pa CTeH~ RTa 

p MaTepLo1an. 
PaCTeHLo1RTa ca aanarasa B 

p, CTbKI1eHLo1 6YPKaHLo1 C npoapaves 
a, Kana k. np~ onLo1 TLo1 Te SbB scexa 
'Ii 6YPKaH ca aanarasa no 10 

e,aLo1HLo14HLo1 pacTeHLo1R B TpLo1 

BAP "'g/l 

aaxecoaa 
sucrose 

9/1 'BA mgl'!.l__-",, _ 

056 0001 30 

0 56 0.001 30 

0.23 0.001 30 

0 23 0.001 30 

Nutrient medium ST 1, which 
showed the best results in the first 
experiment IS chosen for the 
second experiment. 

Four variants of medium with 
addition of djfferent carbohydrates 
- 30 g sucrose, 30 9 glucose, 30 g 
sorbitol and 30 g table sugar , are 
tested. 

Each medium has two 
modifications - with agar as a jell) 
agent	 and liquid one (100 ml) if' 
jars with sterile perlite as a 
suppo rting material for the plants. 

The plants are put in glass 
jars with transparent lid. In the 
experiments 10 single plants 1(1 
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nOBTopeH ~R 3a BCR Ka xpaH~TenHa 

cpeaa . 
CneA 4 ceAM ~4HO 

KYnT~B~pa He Ha CbOTBeTH~ Te 

xpa H IIlTen H ~ cpeaa ca OT4~Ta H ~ 

cneaa are nosaaarenv : 
•	 Koe:f:wll..\ \<1eHT Ha 

MynT~nn \<1 Ka l.l \<1 A ; 

•	 np~p a cT Ha eAHo pacrexae 
Ha 6a3a CBe>KO r erno (FW) ; 

•	 np\<1paCT Ha eAHo pacrexwe 
Ha fiasa cyxo r e rno (DW). 

BKopcHABaHe 
~ \<1 KpO p aCTe H IIl A Ta ca 

BKopeHABaH~ Ha 6e3xopMoHanHa 
xpaaureru-a cpena no MS 
ofiora re xa c 20 gil aaxapoaa . 
3aIlaraHIIl ca 15 pacreuas B 

6ypKaH B 4 nOBTopeHIIlR . 
npOl.leHTbT Ha BKOpeH.R BaHe e 
OT4eTeH Ha 20 fll i R ,DeH . 

B CWo·tKIIl UH eumpo pacre -u - a 
ca KYnT IIlB~ paH IIl B KaMepa c 
reuneparvpa 22±2oC ~ 

q,oTOnep"OA 16/8 4aca (40 urnot 
m·' 5' PPFD) . 

AQanTau,IiIR 
Aaanra uas ra Ha pacre-asra 

ce 1Il3BbpWBa B caKc lll~KIIl c 
ropdie -ro-nepnan-a cvec, 
nOCTaaeHIIl BbB BIla>KHIIl KaMepKl-1 , 
npLo'l re vneparypa 20±2oC III 

q,oTOnep"OA 16/8 4aca (60 urnol 
m·'s' PPFD). 

CTantCTw·teC Ka o6pa6 on a 
Ha pe3YIlTaTIiITe 

n onY4eHIIlTe peaynrara ca 
06pa6oTeHIIl CT aT lIlC T~4eCK lil vpea 
aHanlll3 Ha BaplllaHca III 

CTO ~ HocT IIlTe ca pa anpenen esa 
4pe3 TeCTa Ha ,QbH KaH (Duncan's 

three repetitions for each nutr ient 
medium are put in each jar. 

After 4 week cultivation on 
the re spective nutrient med ia the 
following parameters are reported: 

• Multiplication rate (Km); 
• Growth of a single plant on 

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

the basis of its dry weight (DW) . 

Rooting 
The microplants are rooted in 

hormonal-tree nutrient med ia on 
MS, supplemented with 20 gil 
sucrose . 15 plants in 4 repe titions ! 
are put in each jar. The pe rcentage 
of rootinq is reported on the 20th 

day. 

All In vitro plants are 
cultivated In a ca mera with 
te mperature 22±2°C a nd 
fhotoperiod 16/8 hours (40 ~mo l rn' 
s' PPFD ). 

Acclimat iza tion 
The adaptation of the plants 

is made in little pots with peat
perl ite mixture, set in little da mp 
cameras at te mperat ure 20 ±2°C 
and photoperiod 16 hours (60~mol 

m"'-' PPFD ). 

Statis tic elaboration of the 
result 

Data are analyzed by 
analysis of varia nce and the 
means are separated using the 
Duncan's mult iple range test 

1536 



multiple range test P<005) 

PE3YnTAT~ ~ 06Cb>K,QAHE 
1. CrepHm13al.-'HR lot 

Bbse>t<.qaHe B KyJ1Typa 
L-'13nOJl3 Sa H...re 

crepanaaau ... oH HH npOL..(eAyplll ca 
craHAapTHH npa pafiora c O BO~H H 

BHAoae 1-1 nplo1 BClIlYK", eapHaHTI1 ca 
nony'-leHH 85-100% CrepVInHH 
excnnaara . Ha~ - n oAxoAR~O no 
or uourexae npe>KHBfleMOcna Ha 
pacreaaara ce QKaJa 5 MHHyTHO 

rpervpase C xanuaea xanoxnopar, 
npa xoero ce ocarypsea BMCOKa 

(HaA 85%) crenes Ha 
ofie aaapaaaaaue , excnnaarare ca 
Cee >KH, 3eneH lt1 H >KH3HeHH 1-1 IIlM3T 

aL.1 COKa cre nes Ha aaanrauaa Kb M 

UH eumpo ycncsaa . 
2 .MHKpopa3MHo~aBaHe 

OCHoBHa LteIl Ha onHTHTe c 
SHOAL4 COpT Cenaa e 
onn1M... 3l<1paHe H noeerasseaue Ha 
c'sutecreyeaumre TeXHOIl OHU1. 

Toea M O>Ke aa ce nocran-e or 
eAHa crpasa l.jpea noeaurasa-e Ha 
Koeq:H14HeHTa Ha MynnmmtKa4HfI 
... nOAo6pRBaHe aa Ka4ecTBOTo Ha 
M~KpopacTeH~SHa , a OT npvra 
4pe3 noeBT~HRBaHe Ha 
CbCTa B K~ Te Ha xpaaarenaare 
cpena. 

3a nocraraae Ha Ta3~ uen 
o n ~ T ~ T e ca ~3BeAeH~ Ha ABa 
erana. 

np oBeAeH~ ca 
e K cnep~MeHT~ 3a onpeAenRHe Ha 
Bn~s:lH~eTO Ha uaxpoeneaearare 
~ paCTe>KH ~Te perynaropa BbPXY 

Koeqnll.-l~eHTa Ha MynT ~nm"'Kal-l~s:I 

~ 4)1."'3~ on OrL-14HOTO CbCTOs:lH~e Ha 

I (P<O 05).
 

RESULTS AND DISCUSSION
 
1. Sterilization and 

establishment of in vitro culture 
The used 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 %) leve l 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 ach ieved by 
increase in the rnultrplication 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) 



Iare carried out. 
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I passa ge 

S T' ST2 S T3 ST_ 

Q)Mr, 1 . B nl'lAHMe Hil Cb CTaB3 Ha Xpa Hl'lTeI1Hl'lTe c pe,Q1t B'bpXY I(Oe¢I4L11'1 eHTa Ha 

Mynntnl114 Kill\MR (KM) npM JUD,QM COpT Cenea cnen n bpSI4 M BT OpM nacax 
Fig. 1. Effect of nutrient medi a on the m ult iplication rate (Kr.4 ) of strawberry cv . 
Selva after 1"and 2n<lpassage 

Ha BCl-1'-lKl-1 XpaHl-1TenHl-1 

cpea« MI1KpOpacreHI1f1Ta ca 
csexa, aenesa , 6e3 scrsxnseaue. 
C ,qo6pe OcjJOpMeH" nacra , nO 
OTHOWeHl<1e Ha Koeepl<1LV·1eHTa Ha 

Mynnmnlo1Kal.WIR Ha~·Ao6pl<1 

peayrrrara KaKTO B nbpS\.1R , raxa 11 

SbB BTOpl<1f1 nacax ca OTYereHIf1 Ha 

cpeaa 5T1 c KoecjJ"~"eHT ua 
MynTlotnmtKa4Lttfl CbOTBeTHO 9.33 101 

10 .12. Ta3111 cpena e 1i13nOIl3BaHa 

38 6830a8 npa crtensaurare 
OnVlH1. 

OCHOBHa uen Ha 

cnensauiare excnepavear« e 
OnTt1M1013Lo1paHe Ha MerOALilTe 38 UH 

eumpo pa3MHO>KaBaHe Ha coproae 
f1roA VI 33 CHlo1>t<aaaHe Ha 

np0Ii13BOACTBeH~Te paaxona . 
It1Aesna e ACt ce nOCTHrHe BHCOK 

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

Regarding the muttipticaticn 
rate the best results both in the first 
and second passage are reported 
on medium 5 T1 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 
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Koeq)\lll...~eHT Ha M ynTHnn~ Ka4HSI H 
OTnHYHO KayeCTSO Ha paCTeHHSlTa 
npH 3aMSlHa Ha CKb nO cr pysauia 
KOMnOHeHTH Ha xpaswrensara 
cpena CnO-eSTHHH. 

nOflyYeH HTe peayrrrara 
nOKa3SaT, ye H3non3ysaHeTo Ha 
rmOK03a S xpaewreru- are cpeaa 
BOA~ AO ASyKpaTHo y sem1Ye H~e 

Ha KoeepLil4Li1eHTa ua 
MynnmnHKa4HSI (KM) Ha fUOAOSHSI 
COpT Censa S cpasaeaae CbC ,
3axap03aTa npH eAHaKSO H~SO Ha 
H3nOfl3saHHTe paCTe>KHLiI 
perynaropa ('1>"rypa 2). 

c 
30 / 1 

25E 
~ 
s 20 e 

bc 
0 15 

'"• 
b b 

."-" 10 .,'" 5'" 
/~ o	 . 

Su Glu 

reduced. 
The idea is a high coefficient 

of multiplicat ion 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). 

• perliteb 

e agar 

Sb TS u 

¢lMr. 2. Koe¢lMLlMeHT aa MynTMnnMKaI.VUI Ha JlrOAM COpT Cenaa H3 xp3HMTenH M 
cpeAM C pUI1M"leH BbrneXI4ApaTeH 143T0'4HKK - aaxapcaa (Su ), rmOK03a (Glu), 
COp6KTOll (Sb) K 06K KHOBeHa aaxap (TSu). Pa3/1K'4HI4Te 6YKB14 ae BCJl Ka KOl1oHKa 
nOKaJBaT 3Ha'4I4Ma paaruexa (P<O.05) no AbHKaH (DMRT) 
Fig . 2. Multiplication rate of strawberry t v. Selva on nutrient media with different 
sources of carbohydrates - sucrose (Su), gluc ose (Glu), sorbitol (Sb) and tabl e 
sugar (TSul. Different letters with in each column indicates significant difference 
(P<0.05) by DMRT 

PaCTeHHSlTa ca CSe>KH, 
aene ua , 6e3 SCTbKIlRSaHe. 
1l06pOTO epH3Li1 0nOrLil 4Ho 
CbCTOSlHLtte Ha MH KpopacreHHRTa 

The plants are fresh, green, 
without vitrification. 

The good physiologic status 
of the micro plants is confirmed by 

1539 



ce noraspxaaea or AaHH~Te sa 
npvpacra Ha e,QHO pacresae Ha 

6838 ceexo ~ cyxo rerno (q:H1rY P~ 

3 " 4 ). 
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Su Glu 

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

= 
b 

0;:::; 

, 

a 
aF 

I_U -

b 
perlite <=; 

eagar 

J
 
= 

Sb TSu 

¢)Vlr. 3 . rtpapacr Ha e,aH o pacreaae (no CBU(a Maca ) npVl K)'nTVlBMpaHe ua 
xpa HMTen HM Cpe tiM C paana ..HVl B'brneXMtlpaTM - aaxapcaa (Su), rmoxcaa (Glu), 
ccpewrcn (Sb) M 0 6 MKHOBe Ha aaxap (TSu). Pa3m,"HMTe 6Y kBM aa BUlKa konOHKa 
noxaaaar 3Ha .. 14 Ma paana xa (P<0.05) no ,Q'bHKaH (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 

On~T~ c 06~ KHO BeHa saxap 
ca npOBe>KAaH~ c a MO Ha TBbPAa 
xpaaarensa cpeaa. Ha Te3~ 

Bap~aHT~ KaKTO KM, raxa 1'1 
npapa cra Ha eAHO pacreuae C8 

cp a BH 1'1 MV1 ~IlV1 nO-Ao6pV1, 
OTKOIlKOTO np~ ~3 nOJl3YBaHe Ha 

saxapoaa. BKI1IO\.lB8HeTO H8 

COp6V1TOIl B cpea are 38 

MYIlT~nn~KaL..t~R H8 arona He 

AOBeAe AO 04aK Ba H ~T e Ao6plo1 

pe3YI1Tan1 . YCTaHCBeHO e 
CH~~BaHe H3 KM ~ npV1paCTa Ha 
pacreaasrra. Pe3YJlTaT~Te no 
craouieaae Ha ~3cne.oBa H V1Te 

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 mul tiplication 
rate and the growth of the plants is 
determined . 
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". n OKa3aTeIl~ ca eAHO nOCOYH~ np~ 

CpeA ~ Ha arapoea OCHOBa ~ np~ 

~ . ' TeYH~ cpena c nepnar.~e 

pa	 Xapaxrepao e nonyva saaero Ha 
nO-H\1 CbK KM np~ rmo xoaara Hacjl'
 

pa cp eA ~ c nepIl ~T B cpaSHeHHe c
 
Te3~ C arap, HO Toea ceTPI 
KOM ne Hc~ pa or ~ 3pa B He H~s:l3a 

xp n p~pa cT Ha cyxaTa Maca Ha 
pacre uasr ra. co 

M' 
e_ 
el .,
 
or 
yo 
"YB,
 
H' 
C, 
xp 

B' 
rn 

0'
 

d d 

Glu 

Cbi4r. 4 . np14paCT Ha eAHO pacreaae (no cyxaq 
xpaHMTen HM cpe,QM C pa 3I1i4"1HH BbrneXMApaTH(E 

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 is 
compensated by the equal growth 
of the dry mass of the plants. 

•• 

Sb 

be 

I II pe rlite 

Oagar 

J 
TSu 

Maca-OWl npM KYnT14 Bi4 paHe aa 
- aaxapoaa (Su). rI1l0K03a (Glu l. 

COp6 l'1TOn	 (Sb) H 0 6HKHoBeHa aaxap (T Su). PaJI1M"IHI1Te 6 yKB14 Ha BCRKa K0I10HKa 
Hi nOKa 3BaT JHa"l i4 Ma paJnl4Ka (P <O.05) no ,n'bHKaH (DMRT ) 
y( Fig. 4. Growth of a single plant on nutrient media with different sources of 
nc ca rbohydrates - sucrose (Su), gluc ose (Glul. sorbito l (Sb) and table sugar (TSu) 

on the basis of its dry weight (OW). Different leiters with in each co lumn indicates B' 
significant difference (P<O.05) by DMRT

C1 

H 

A' Bap uaarare Ha 
xpasarenaare CpeA~ ca nOA6paH vt 

" I Bb3 OCHOBa Ha npeAHWHH s:l onHTAI 
CI	 

Ha eKHna lit nareparypan AaHHIIt . B 
nocnea -u r r e rO~vtH ~ Ha T03vt q.,	 np06IleM 8 HayYHaTa IllltTeparypa 
ce ofipsuia ace no-ronau o C, 
BH vt MaHvte. Flpoy-iaa ce BIlvts:lHvteTO 

31.,	 Ha BbrneXvtApaTlltTe BbPXY 
npoUeCvtTe Ha m 

The vari ants of the nutrient 
media are chosen in regard to the 
previous experience of the team 
and data from the literature . In the 
recent years the scientific literature 
pays more and more attention to 
that problem. 

The influence of the 
carbohydrates upon the processes 
of rnicropropagation, differentiation 
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MHKpopa3MHO>KaBaHe, and dedifferentiation of the plant 
,Q H <pe pe H4 ~ a 4 H R 11 tissues, the habitus and the 
,Q e,Q~<pepeH4H a4HR Ha physiologic condition of the in vitro 
paCTHTeIl HHTe TbKaHl-1 , xafiaryca l-1 plants is studied . 
<P l.13 HOIlo n'1 ~ Ho TO CbCTORHHe Ha Bes ides the trad itionally used 
paCTeHl<1 RTa UH eumpo. Hapen c suc rose as an ingredient of the 
Tpa,QYl4lA OH HO l-1 3noIl3YBaHaTa nutrient media sorbitol , glu cose, 
saxapoaa KaTO CbCTaB Ka Ha fru ctose, manitol , etc. are tested . 
XpaHl-1 TeIl HHTe cpena ce L.13nlATB aT The experiments carried out 
copfiaron , rru o soaa. cjJ pyKT03a , with the strawberry cv. Selva 
MaH_Ton _ ,Qp. npoBe,QeH_Te confirm that the carbohydrated 
eKCnepl<1 MeHH1 c SUOAOB l-1 R CO pT co ntent of the medium can 
Censa nOTBbp>K,Qa BaT, -re influence in great extent the 
Bb rIleXl-1 ApaTH YlRT CbCTaB aa succes s of the in vitro cultivation. 
cpenara MO>Ke CHIl HO Aa nOBIU1S=l€ 
ycnex a Ha UH eumpo The best variants for 
KyIl n 1Blt1 paHeTo. HaVi-,Q06pl-1 
Baplt1aHH1 aa Ml-1 KpOpa3MH O>K aBaHe 

straw berry m icrop ropagation in our 
experiments are those where l 

Ha srona B HaWHTe eKCneplt1MeHTl-1 g lucose is used in the agar nutrient 
ca Te3L1 c rrnoxoaa B araposa medi um . 
xpa xaren ua cpeaa. TOBa 
aepoan-o ce Abn >K1t1 Ha no On e possible reason is that 
nbIlHOTO yCBoRBaH€ Ha rIl tOK03aTa co mpered to sucrose glucose is 
OT XpaHIt1 TeIlHaTa cpe,Qa B depleted nearly completely from 
cpa sse aae CbC aaxap osara the nutrient med ium (Borkowska, 
(Borkowska, 2000) . n p_naraHeTO 2000). 
Ha T8 3\-1 cpena B np0l1 3BOACTBeHI1 The use of such med ium in 
ycnOBl.1 R 611 AOBe1l0 ~ o production co nditions could lead 
nOIlY4 aBaH € Ha ABa nbTI1 nOBe4e both to double increase in the 
BIt1COKOKa 4eCTBeHL-1 pa CTeHl-1R 101 number of high-quality plants and 
cboTBeTHO AO HaMallRBaH e aa to decrea se in their cost price. 
TRXHaTa ce6ecTO Vl HOCT. Additional decrease in the 
a OnbIlHl-1TeIlHO HaMallRBaHe Ha production ex pe nses can be 
npm13BOACTBeHl.1Te pa3XOAVl MO>Ke achieved by replacement of the 
Aa ce nOCTYlrHe 4pe3 3aMRHa Ha ex pensive compo nents of the 
cxunocr pv aaura KO MnOHeHTl-1 H8 me dium as agar and su crose or 
cpeaar a xaro arap l-1 aaxaposa glucose with cheaper ones 
VlflVl rrn oxoaa C no-earaxa perlite and table sugar 
CbOTBeTHO ne pIll-1T l-1 06l-1 KH OeeHa respectively. 
aaxap . HaWl-1RT eKl-1n I-1Ma onar B Our team has experience in 
l.13nOIl3YBaHeTO Ha Te4Ha cpeAa c the use of liquid medium with 
nepnur l.1Ill.1 APyn1 I-1HepTHIo1 perlite or other inert carriers in the 
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HOCL1Tem1 BbB cPa3a BKOpeHRBaHe 
Ha BereTan1BHI-1 nO,QnO>KKI<1 OT 
ceMKOBLiI 1-1 KOCTl<1nKOBI<1 OBOI.1.\HI<1 
BI<1,QOBe. Cbo61.1.\eHI-1R aa OnI<1H'I aa 
3aMRHa Ha arapa B xpasarenaara 
cpeaa C ,QpyrLil I<1HepTHI-1 HOCVlTenL1 
L1 Ma III B Hayl.maTa nareparypa . 
Neeru " CbaB. (2000) cb06UjaBaT 
aa nOBL1WaBaHe ecPeKTI-1BHOCna 
Ha MIAKpOpa3MHO>K8BaHeTo Ha 
RrO,Qa ~pe3 L13nOn3BaHe Ha Te~Ha 

XpaHl<1TenHa cpe,Qa L1 HarbHaT 
MeAl<1I1l<1HCKI-1 6l<1HT «aro: 
nOAAbplKal.1.\ MaTepL1an . C uen 
nOHVI>KaBaHe Ha paaxcaare 1-1 
nOAo6pRBaH€ Ka~eCTBOTO Ha 
ML1KpOpaCTeHVlRTa npl-1 
BKopeHRBaHe sa srona (COpT 
AOBep) Mohan " csas. (2005) 
3aMeHRT arapa C uenvnoaea 
eKCTpaKT OT aaxapso 4BeKIlO L1 
revua cpeaa CI..IVlTaMe, l..Ie TOBa 
HanpaBneHl-1e Ha pa60Ta e MHoro 
nepcnerrL1BHO 1-1 cnen 
AonbnHLilTenHO OnTl<1Ml<13I1paHe Ha 
CbCT8Ba Ha Tel..lHaTa cpena 
peayrrrarare no OTHOUJeHL1e KM 
uie ca CbL13MepI1ML1 CTe3Lo1 Ha arap 
npn 3H81..11-1 TenHO csspauiaeaae Ha 
np01013Bo,QcTBeHVlTe pa3XOALo1 BbB 
cPa3a MYIlTVlnnIo1Ka~I<1R . 

3. Bxopeaaeaae H 

3,Q3nT311HSt 
BCVl~KVl MVlKpopaCTeHlotfl Ha 

RfO,QOBt.1R COpT Censa CIleKOTa ce 
BKopeHRBaT Ha 6e3xopMOH8IlHa 
xpaaarenaa cpena , nopana xoero 
He ca npOBeAeHL1 AonbIlHVlTenHt.1 
1-13CneAaaHL1R B Toea 
HanpaBneHlo1e. 

BKopeHeHIHe paCTeHt.1R ca 
aAann1paHl<1 ycneun-o 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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BbHWH~ ycnoeas ~ uie 6bAar 
1013nOIl3YBaHVI B 
e xcnepawearanaara paoora B ~O 

- nnOBA"B 

1-13BO,Q1-1 
~ Jn O Il JBaHeT O Ha rmOKOJa B 

xpaHVlTeIlHVlTe cpeAVI BOAVI AO 
AByKpaTHo YBe Il ~ 4eH Vle Ha 
KoecP Vl l...I 14eHTa Ha MynTlo1nIl14Ka4V1R 
(KM) npa RroAOBIo1R COpT Cenaa B 
cpaaseaae cjsc aaxapc aara npa 
eAHaKBO HViBO Ha V13non3BaH~T e 

pacrexo-u perynaro pa: 
KoecP Vll...I~ e HTbT Ha 

M ynT~nnVl Kal...lLt1R l-1 npapacri.r Ha 
eAHO pa creuae ca cpa BH ~ M vt Hnl-1 
nO-A06pVl Ha sapaaa ra C 
061i1KHOaeHa saxap B cpasseaae c 
V13non3YBaHe Ha aaxa posa: 

Koeepl-14V1eHTbT Ha 
MynTl-1nnVlKal...lVlR Ha cpezia c 
nepnar e nO-HVl CbK B cpassesve c 
Te3V1 c arap, HO TOBa ce 
KOMneHCVlpa OT Vl 3paBHe'iIo1R 
npVlpacT Ha cyxara Maca Ha 
paCTeHl-1RTa ; 

8CW-~ K~ Ml-1KpOpa CTeHl-1Sl Ha 
RroAOBVIR COpT Censa c IleKOTa ce 
sxopeaaear Ha fie axopv oaan aa 
xpaaarensa cpena . 

6naroAapHocTVI 
npeAcTaseHaTa paapaoorxa 

e "aCT cr npoesr 5M-36/2005 KbM 
H<l>"HiI1" npa MOH. 

and will be used 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 used growth 
regulators isthe same; 

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

The multipflcaticn 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 . 
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