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ABSTRACT

Micropropagation of strawberrffagaria x ananassa Duch.) is a widely used technique to produce plant-
lets in commercial horticulture. Unfortunately, iontrast to propagation based on runners, it is also
expensive method and may lead to obtaining plants ehanged phenotype. In order to reduce such
problems, the influence of chemical method of medisterilization (application of commercial home
bleach — ACE) instead of autoclaving on the developmenirofitro cultures of four strawberry cultivars
(‘Elsanta’, ‘Elkat’, ‘Senga Sengana’, ‘Polka’) wasaeined. The presented study proved that sodium hy-
pochlorite added into the hot medium is very effegt making aseptic environment agent. Applied in
tested dose (2 chof ACE® per dm® is not harmful to strawberiy vitro cultures and usually causes posi-
tive changes in their development (reduced formatid adventitious shoots and callus), except for
‘Elsanta’ cultivar. Thus the application of medierlized with sodium hypochlorite is beneficial and
cost effective and may be recommended both for cential and especially amateur strawberry micro-
propagation.
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INTRODUCTION

The method of micropropagation of strawberryother hand distinguishing the origin of shootsiff-d
(Fragaria x ananassa Duch.) was first elaborated by cult because of callus grown up at the bottom ef ex
Boxus team [Boxus 1974]. Nowadays, it is a widelplant (fig. 1d—e). However, it is known that adwent
used technique to produce high quality [Rancillad a tious shoots are the main cause of hyperflowering
Nourrisseau 1989], healthy (free of viruses anewothand hyperrunnering phenomena [Jemmalli et al.
pests) true-to-type nursery plantlets in contrast 11994]. In Boxus [1999] opinion the only axillary
propagation based on runners [Haddadi et al. 201lishoots can give ‘true-to-type’ plants. Thus, toidvo
Usually, as division of several weeks old strawyperrthe risk of adventitious shoots occurring spontane-
cultures is embarrassing and laborious they aously in strawberryn vitro cultures, the BA concen-
propagated through ‘multi-apex shoots’ methas tration should be decreased and the number of sub-
by the application as explants the ‘tufts’ conslsté cultures should be limited. Unfortunately, such ap-
axillary and adventitious shoots (fig. la—d). Or thproach increases the cost of micropropagation. Lit-
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winczuk et al. [2009] proved the advantageous roMATERIAL AND METHODS
of gibberellic acid (GA) in strawberry micropropa-
gation. Higher than 0.5 mg dihdoses of GA im-  Plant material
proved proliferation of axillary crown shoots or The main experiments were conducted on previ-
runners and reduced the development of advenously establishedn vitro cultures of four strawberry
tious shoots as well as the callus formation in cucultivars Eragaria x ananassa Duch.) ‘Elsanta’, ‘El-
tures of strawberry ‘Senga Sengana’ and ‘Elsantkat’, ‘Senga Sengana’, and 'Polka’. Additionallpet
[Litwi rczuk et al. 2009]. Sadly, as gibberellic acicHoneoye’ cultures from meristems were initiatedl an
is partially damaged during standard sterilizatidn studied on chosen media.
medium by autoclaving, it has to be added in higher
doses. It also raises the cost of media preparatiGolture multiplication
what can account about 30-35% of total costs of Culture medium consisted of MS mineral salts
micropropagation, included 50% of the cost of ele(Murashige and Skoog 1962] supplemented with
tricity consumed for autoclaving [[AEATECDOC glucose (40 g dif) meso-inositol (100 mg dm),
2004]. Micropropagation is then an expensiviMcCown’s vitamins [Lloyd and McCown 1980],
method. In order to reduce the cost of medilBA (0.1 mgdm?®, BA (0.5mgdm’), GAs
preparation, some attempts of application othen th(0.5 mg dm?). The medium acidity was adjusted to
autoclaving methods of medium sterilization havpH 5.6 and supplemented with agar (AB04, Bio-
been made. Some chemical agents, as hydroccorp®) (7 g dm°) before sterilization. The control
peroxide [Snow 1985] and sodium hypochlorittmedium was distributed into glass jars and auto-
[Teixeira et al. 2006] to reduce the contaminatién claved at 121°C for 25 minutes. Previously the jars
medium, was attempted. Recently the chemicwere washed with detergent and rinsed with tap
media sterilization was reported as advantageaus water followed by two times rinse with deionized
gerbera [Cordoso and Teixeira 2018y calyptus water and then parched at 165°C for 2 hours. The
benthamii [Brondani et.al.2013], and wild orchids tested medium was prepared by addition of
[Chansean and Ichihashi 2007] micropropagatio2 cnt of commercial bleach(ACE®, Procter &
protocols. It has been also demonstrated that sodilGamble, contained <5% active chlorine) into 1*dm
hypochlorite medium, iodine + potassium iodideof hot medium (about 90°C) after agar dissolution.
povidone-iodine were effective for eradicate microThen the hot medium was apportioned into unster-
organisms, causal agentsiafvitro contamination, ile culture jars. The jars were immediately closed
and provided completely sterile condition of solicwith transparent plastic lid to obtain sterile cond
MS medium without autoclaving for chrysanthetions inside. Hot medium devoid of AEEloes not
mum nodes micropropagation protocol. Completelprovide sufficient sterility what we have observed
sterile condition of plant media provided by chemimany times.
cal disinfectant like merbromine solution (2%), Although the mother cultures consisted of axillary
thimerosal (0.1%) for chrysanthemum tissueand adventitious shoots as the crown shoots the onl
[Deein et al. 2013] and sodium hypochlorite higheshoots of axillary origin were used as explantsyTh
than 0.005% solution for gerbera tissues, confewere put on standard, autoclaved medium (control)
toxicity [Teixeira et al. 2006]. and chemically sterilized, tested medium under dami
To our best knowledge, none of these chemicalnar flow cabinet. Cultures were grown in 450°ans,
including sodium hypochlorite, have been applied ifilled with medium (45 criper jar) and covered with
the case of strawberry micropropagation. Therefoa transparent cap. The light was provided by cool
we examined the influence of chemical method wwhite fluorescent lamps (OSRAM) at approximately
medium sterilization with ACE on the development 26 umol ni?s™ with a 16/8 hour day/night photope-
of in vitro strawberry cultures to evaluate its usefulriod. The temperature was set at 24°C. Each treditme
ness in commerciah vitro propagation. was represented by at least 4 jars (repetitioct)ding
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8 explants during single subculture. The experimerfungicide solution: Topsin M 500 SC (2 g tn Eu-
were carried out through three subsequent 3—4 we¢paren Multi 50 WP (1 g dm, and a drop of Tween 20.
long subcultures. Thus at least 96 (4x8x3) cultpers Then runner tips were excised, rinsed in tap water,
treatment were examined. At the end of passage idipped in 70% ethanol for 1 minute, and soakedb 2
number of rosettes and runners of axillary and mtilve ACE solution (with a drop of Tween 20) for 20 min-
tious origin, as well as callus size, were deteeaiin utes. After surface sterilization tips were rinSetimes
The number of growing cultures was recorded also. for 5 minutes with sterile deionized water. Initet-
plants (about 0.3—-0.7 mm in diameter) containedahpi
In vitro shoot rooting meristem with two or three leaf primordia, were-pre
Rooting media were prepared of half-strengthen Mpared and transferred separately into 18 glass test
mineral salts, sucrose (30 gdn meso-inositol tubes filled with 2 crhof medium covered with alumi-
(100 mg dri), McCown’s vitamins, adjusted to pH num foil. The media for meristem cultures consisted
5.6 and supplemented with agar (ABO4, Biocorghalf-strengthen MS mineral salts, sucrose (20 odm
7 g dm® The control and tested medium was sterilizemeso-inositol (100 mg dif), PVP 360 (1 g di),
by the same method as described earlier. The geseMcCown’s vitamins. Two PGR combinations were
of axillary origin obtained separately from cultsre tested. The first ('3) was made by addition of
grown on control and tested media were transferrlBA (0.1 mg dm®), BA (0.1 mg dri’), and GA
onto control and tested rooting media, respectivel(0,1 mg dr’), the second one (‘') by supplementation
Each treatment was represented by at least 4rggms-( With 1AA (1 mg dni®). Each combination was repre-
titions) including 8 explants during single subgrét sented by at least 20 meristems. The method ofamedi
The experiments were carried out through threeesubsterilization, as well as culture conditions, wéhne
quent 3—-4 weeks long subcultures. Thus at least Same, as described earlier. After 4 weeks the nuaibe
(4x8x3) cultures per treatment were examined. At tiviable cultures was recorded.
end of subculture the number of rooted shoots, the Chlorophyll fluorescence analysis. ‘Polka’ and

number of roots per explant were recorded. ‘Senga Senganan vitro cultures during multiplication
phase (subculture) were subjected to analysis lof ch
Acclimation rophyll fluorescence. They were performed on dark-

Rooted plantlets were transferred into peat sufestr:adapted cultures. The WALZ GmBH IMAGING-PAM
in 5 cm pots and kept in a high humidity chamber co M-Series (MAXI version) apparatus was used. The
ered with a transparent lid. The ambient tempegatufollowing parameters were recorded; £ minimal
was 26°C with 16/8 h day/night light period. Afterfluorescence yield, &~ maximal fluorescence yield,
a week the lid was slightly open and after next folFv — variable fluorescence,/F, — maximal PS Il quan-
weeks following data were recorded: length of thtum yield, Abs — absorptivity. Due to high possipil
middle leaflet, the width of the middle leaflettipe  Of culture contamination and other technical protsie
length. The relative chlorophyll content was meedur like difficulties in camera focusing, fast desicoatof
using Konica Minolta SPAD 502 Plus Chlorophylicultures, the measurements were done on small mumbe
Meter. of leaves (2 jars with 8 cultures for treatment).

Additional study Statistical analyses
The experiments described below, as supplemen- At the end of passage cultures were took out from
tary, were carried out on limited number of cultuaad jar and the number of axillary (AX) and adventitou
cultivars. (AD) shoots, as well as size of callus were deter-
Meristem culture. The culture was initiated from mined. Then the ratio of AX shoots was calculated
field-grown ‘Honeoye’ strawberry plants, propagate@ccording to following formula: 100% x number of

by the only conventional method (through runnersAX shoots/number of shoots (both AX and AD ones).
Collected runners had been soaked for 24 hours Collected data were subjected to an ANOVA, LSD
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mean separation test at= 0.05 using Statistica 9.0 stipules or at the petiole remains before callyzax
computer software. Data presented as percentesion (fig. 1a—c). Aside from crown shoots also emn
(number of cultures developed exclusively AX shpotdevelopment was observed f. 1b—c). Any differences
number of rooted shootxc.) were subjected to test oncolor and shape of leaves of strawberry cultures or
difference between two proportions. Cluster analyssymptoms of physiological disorders were not found.
based on Ward’s method and Euclidean distance wit turned out that some strawberry cultures watteset
used to evaluate the similarity of cultures reacttm with endophytes. Their colonies sometimes appeared
studied media. The following traits were used fgr a on control medium (fig. 2) whereas were not obsrve
glomeration: mean number of axillary rosettes, mezon the chemically sterilized onignificant differences
number of adventitious rosettes, mean number &f axin the reaction of studied strawberry cultivars tba
lary runners, the mean number of adventitious menetested media were found. In comparison with control
size of callus, number of rooted shoots, numbeoats the proliferation of ‘Elsanta’ shoots was stimuthtm
per explant, length and width of the middle leaflethe tested medium, whereas retarded in the case of
petiole length, relative chlorophyll content [SPAD]  ‘Elkat’ clone (tab. 1). A total number of shootsaul-
tures of ‘Senga Sengana’ and ‘Polka’ remained un-

RESULTS changed. All strawberry clones developed axillarg a
adventitious shoots both on autoclaved and chemical
Culture multiplication sterilized media. The proportions between the numbe

Strawberryin vitro cultures of every cultivar devel- of axillary (AX) and adventitious (AD) shoots were
oped axillary and adventitious shoots on autoclavesimilar for both media except for ‘Elkat’ culturefiere
(control) and chemical sterilized (tested) medihe T both relative and real adventitious shoot developime
adventitious shoots appeared at the petiole betwewas retarded on chemically sterilized medium . {3b

PR

a — two weeks old culture; b,c — three weeks oltloe; d,e — callus at the base impedes distinguisaxillary shoots from adventi-
tious shoots (after 4 weeks), f — cultures stromgigninated with adventitious shoots (after 4 weelks)- initial explant, & — axillary
crown (rossetes), iKR— axillary runner, ¢ — adventitious crown shoot,R- adventitious runner, PR — adventitious shoopetiole
remain

Fig. 1. Strawbernyin vitro culture during multiplication stage
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Arrows indicates endophytes on medium around thteres

Fig. 2. Colonies of endophytes in strawberry ‘PolkaVvitro cultures on the
autoclaved medium

Table 1. The development of strawberiy vitro cultures during multiplication phase dependingnoedium sterilization
treatment

Cultivar Elkat Senga Sengana Elsanta Polka

Type of medium control* tested** control tested ontrol tested control tested
Total number of shoots 7.0d 42b 55¢ 56¢c a3l 7.6d 55¢ 55¢c
Total number of axillary shoots 5.3 de 3.7b 4.0 bc 4.4 bc 27a 6.2e 4.8 cd 4.7 bed
Axillary rosettes 50f 3.0cd 15a 2.4 bc 21ab 4.2¢f 3.6de 3.7 de
Axillary runners 0.3a 0.7 abc 25d 2.0d 06ab 0@ 12c 1.0 be
Ratio of axillary shoots in culture (%) 783 a om.3 787a 826ab 90.8b 87.3b 87.9b 89.9b
oo oﬂfscgr"ﬁ;rgz)°°"3i5ted ofthe avdllary 45 5 75¢ 56ab 67 bc 78¢ 70 be 75¢ 77¢
Total number of adventitious shoots 1.6b 04a 5bl. 1l2ab 04a l4a 0.7a 0.8a
Adventitious rosettes 0.7b 0.1a 11b 0.8b 02a 08b 0.7b 0.7b
Adventitious runners 09d 0.3 abc 0.3 bc 0.4bc 2be. 06¢c 0.03a 0.2b
Size of callus [1-5]*** 2.2d l1lc 10c 0.3b @0 35f 409 30e

Means followed by different letters within a roweasignificantly different at p = 0.05; * autoclavetedium, ** medium sterilized with ACE,
*** 1 — smaller than 2 mm, 5 — bigger than 10 mm
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Cultures grown on studied media consisted of main(tab. 2). Any differences in color and shape of

axillary rosettes (crown shoots) although the awill leaves of strawberry cultures or symptoms of

runners appeared also, especially in the caseeofj& physiological disorders were not found.

Sengana’. ‘Elsanta’ clone cultured on the etdst

medium developed significant more runners than okcclimation

control (tab. 1). The tested medium changed the pro Rootedin vitro shoots were transferred to peat

portion between the number of adventitious crowsubstrate and had grown for 4 weeks. Almost all
shoots and runners. ‘Elsanta’vitro cultures produced plantlets (95-100%) were successfully acclimated.
more adventitious rosettes while ‘Polka’ cultures -There were no differences in the shape and color of
more adventitious runners on the tested medium leaves of acclimated plants. The differences in the
comparison with control (tab. 1). Strawberry cudtur size of leaflets were not observed in the casdlof a

formed a callus on the explant base. In comparisistrawberry cultivars except for ‘Senga Sengana’,
with control, callus growth was retarded in ‘Elkat where leaflets of plants obtained from the tested
‘Senga Sengana’ and ‘Polka’ clones, except for ‘Emedium were smaller than control ones (tab. 3).
santa’ one, where the adverse phenomenon was Simultaneously the petiole length was also signifi-

served (tab. 1). cantly shorter. Such effect was also observeden th
case of ‘Polka’ plants where the ratio between the
In vitro rooting petiole and middle leaflet length was reduced

Some differences among cultures in the re(tab. 3). Some differences in the relative chloro-
sponse on studied media were found (tab. 2). Cophyll content were found. The SPAD index re-
trary to ‘Elsanta’, the ‘Polka’ explants rooted teet corded for ‘Elkat’ and ‘Elsanta’ plants obtained
on the tested medium and produced more roots from tested medium was lower than for control. In
comparison to the control. Rooting of ‘Elkat’ andthe case of other two cultivars such phenomenon
‘Senga Sengana’ shoots was similar on both mediwas not confirmed (tab. 3).

Table 2. Rootingin vitro of strawberry shoots depended on medium sterilimatiethod

Elkat Senga Sengana Elsanta Polka
Type of medium control*  tested** control tested ontrol tested control tested
?(',/‘3)' ofrooted shoots g7 5 937cd  1000d  97.1cd  937cd  75ab  £9.4 93.7 cd
No. of roots per explan 4.1 b 40b 3.7b 3.6b 39b 21la 19a 35b

Means followed by different letters within a roveasignificantly different at p = 0.05; * autoclavetedium, ** medium sterilized with ACE

Table 3. Characteristics of acclimated plantlets

Cultivar Elkat Senga Sengana Elsanta Polka
Type of medium control* tested** control tested ontrol tested control tested
Length of middle leaflet (mm) 15 abc 15 ab 19d al5 15 ab 15abc 17 cd 17 bed
Width of middle leaflet (mm) 13 ab 13 ab 15b 12a 13a 14 ab 17c 17c
Length /width of middle leaflet ratio 1.2b 1.2b 1.2b 1.2b 1.2b 1.1ab lla 10a
Petiole length (mm) 25 bc 22 ac 36d 26 ¢ 20a 19a27c 22 a
Zﬁit('jo'e length / middle leafletlength 4 7. 150  20d 18cd 13a  13a 16bc 13a
Relative chlorophyll content (SPAD) 39 bc 34a 42d 40c 38 bc 34a 39bc 38hb

Means followed by different letters within a roveasignificantly different at p = 0.05; * autoclavetedium, ** medium sterilized with ACE
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Complex cultivars response to studied media Additional experiments and analysis
Notable differences in the reaction of studied Regeneration of meristems. Four media com-

strawberry cultivars on the studied media werbinations were the tested during the initiation of
found. The shoots and callus proliferation of ‘Elka ‘Honeye’ cultures from meristems (fig. 4). The
and ‘Polka’ both on control and tested media werrelationship between meristem dieback and kind of
similar contrary to other cultivars (fig. 3a—b). &h medium was not proofed statistically. However,
reaction of ‘Elsanta’ clone, manifested by signifi-both in the case of media supplemented with 1AA
cantly increased growth of shoots and callus on ACalone or supplemented with 3 PGRs (IBA, BA,
medium, was most distinct (fig. 3a—b, tab. 1). ThiGA3) — sterilized chemically the number of meris-
cultivar was also most ACE-sensitive in subsequetems which started to grow was about 5% higher
stages of micropropagation (fig. 3c—d), especiallthan recorded for control medium (38% > 35%,

during rooting shootm vitro (tab. 2). 50% > 43%, respectively).
a. Culture multiplication on control medit b. Culture multiplication on tested (ACE) medi
Elkat —| Elkat
Polka J Polka
Elsanta Senga S.
Senga S. Elsanta
82 84 86 88 90 92 94 96 98 100 102 60 65 70 75 80 85 % 95 100 105
Ward's method. Euclidean distance [% Dmax] Ward's method. Euclidean distance [% Dmax]
c. Shoot rooting on control mediumand plant acation d. Shoot rooting on tested (ACE) mediumand péattimation
Elkat Elkat
Elsanta Senga S.
Polka Polka
Senga S. Elsanta
40 50 60 70 80 90 100 110 55 60 65 70 75 80 85 90 95 100 105
Ward's method. Euclidean distance [% Dmax] Ward's method. Euclidean distance [% Dmax]

Fig. 3. The similarity of four strawberry cultivars in respe to the method of medium sterilization
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‘1’ C — control medium with 1 PGR, ‘3’C- control giem with 3 PGRs, ‘1’ T — chemically sterilized niech with 1 PGR, ‘3'T — chemically
sterilized medium with 3 PGRs

Fig. 4. Initiation stage of culture from meristem of two \WeeId culture

Table 4. Chlorophyll fluorescence of ‘Senga Sengana’ andk#@an vitro cultures during multiplication stage

Cultivar Medium = Fo F, F/F Fo Fin Fy FV Fin Abs

control* 0.245 a 0.667b 0435b 0.655a 0.243b680b 0.438b 0.646 a 0.929b

tested*™ 0.174 a 0.514a 0.340a 0.677a 0.170a 0499a30@3 0.671a 0.891 a
Senga control 0.138 a 0.491a 0.353a 0.720a 0.136a 764 0.340a 0.714 a 0.918 a
Sengana tested 0.172a 0.534a 0.362a 0.682a 0.171a19@5 0.348a 0.676a 0.925a

Polka

Means followed by different letters within a roveaignificantly different at p = 0.05; * autoclavegedium, ** medium sterilized with ACE

Chlorophyll fluorescence analysis. Chlorophyll tion. Autoclaving of medium significantly raiseseth
fluorescence analysis was performediowitro cul- cost and extends the operating time of its prejwerat
tures in multiplication stage. The differences fo[Macek et al.1995]. Sterilization of plant cultures
‘Senga Sengana’ clone cultured on studied medmedium with high temperature and increased pres-
were not found contrary to ‘Polka’ cultures (tap. 4 sure causes the degradation of temperature labile
In general control §;' Fi, and K values were higher components, changes the chemical composition and
than for ‘Polka’ cultures grown on tested mediae Thcreates toxic products of degradation of sugarsh su
relative chlorophyll content (Abs) was also higheras furfural [Brondani et al. 2013] The medium mi-
On the other hand, the,/F, ratios were similar crowaving occurred unsuccessfully and is not often

(tab. 4). used for media preparation [Teixeira and Torres
1998; Tisserat et al. 1992]. Chemical sterilizatain
DISCUSSION medium may be an alternative to autoclaving. Hy-

pochlorite is a sterilizing agent frequently used f
Despite the method of micropropagation oasepsis of plant tissue because of low toxicity in
strawberry is well elaborated, some problems sticomparison with other chemicals such as mercury
exist, among others the high cost of medium preparsalts, antibiotics and fungicides [Niedz and Baushe
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2002; Tiwari et al2012]. On the other hand Teixeiradue to buffering role of the medium and/or weak
et al. [2006] reported that sodium hypochloritehigig photosynthesis inn vitro conditions. On the other
than 0.005% solution often conferred toxicity fothand, the negative effect of chlorine was confirmed
gerbera tissues. In our previous and preliminawmg-st by decreased relative chlorophyll content and/or
ies (unpublished data), we found that sodium hysmaller leaves of acclimated plantlets. Nonetheless
pochlorite (0.01%) was toxic for highbush blueberrythe further growth of plants was not worsened (data
cranberry, mulberry, and chokebemyitro cultures. not presented). Supplementary experiments did not
The only exception were strawberries. Thus, we aprove also the harmful effect of sodium hypochéorit
sessed the influence of chemical method of mediuon in vitro shoot rooting (except for ‘Elsanta’ culti-
sterilization with ACE on development o vitro  var) as well as the development of isolated straw-
strawberry cultures and evaluated its usefulness berry ‘Honeye’ meristems.

commercial propagation. The cultures of four tested Summarizing, the presented study proved that so-
strawberry cultivars were tolerant on 0.01% sodiurdium hypochlorite added into plant medium is very
hypochlorite solution. However, the experimenteffective agent making aseptic environment. Applied
showed distinct differences in the development dn tested dose is not harmful to strawbemyvitro
four tested strawberry cultivars with respect te thcultures and usually causes positive changes in the
studied media, what is typical for many plant speci development (except for ‘Elsanta’ cultivar). Thhg t

In the multiplication stage, the chemical sterilize application of media sterilized with sodium hy-
medium did not have a negative effect on shoot prpochlorite is beneficial and cost effective and rbay
liferation with exception of ‘Elkat’. However, ihé¢ recommended for commercial and especially amateur
case of this cultivar, the development of advemiii strawberry micropropagation.

shoots was retarded much stronger than the groiwth o

axillary shoots, which is a positive effect. Getigra REFERENCES
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