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MIKROROZMNAZANIE KALANCHOE TUBIFLORA (HARVEY) HAMET

Summary. Kalanchoe tubiflora (Harvey) Hamet is a succulent plant native to Madagascar. Due
to its unique morphology, it is a popular ornamental species. However, owing to some valuable
metabolites it can also be used in tumor suppression. The present work describes a simple propa-
gation method of K. tubiflora. The stem fragments of K. tubiflora were disinfected with the fol-
lowing sodium hypochlorite concentrations: 0.2% (for 10 or 20 min), 0.4% (10 or 20 min) and
0.6% (10 or 20 min). Next the single-node explants were inoculated on a hormone-free MS medi-
um. The produced plants were transferred to soil and grown in a greenhouse. The applied disin-
fection procedures were successful. The regeneration of propagules was observed. The average
number of new microshoots produced from one explant varied from about 20 to even 52. All
microshoots regenerated adventitious roots without transferring them to a rooting medium. The
plantlets were successfully acclimatized and continued their growth in the greenhouse.

Key words: acclimatization, caulogenesis, disinfection, in vitro culture, organogenesis, rooting,
single-nodes, succulents

Introduction

Kalanchoe tubiflora (Harvey) Hamet (syn. Kalanchoe delagoensis Eckl. et Zeyh,
Crassulaceae) is a succulent native to Madagascar (Johnson, 1948). Due to its original
habit, beautiful flowers, and high resistance to drought it is a popular ornamental plant.
The species is characterised by a high level of cardiac glycosides. Therefore, it is gain-
ing importance in pharmacy and medicine. Recent studies have also shown that due to
the high content of metabolites of antimitotic activity, the species may be valuable in
anticancer therapy (Garcés and Sinha, 2009; Hsieh et al., 2012). Moreover, it is used to
treat wounds, allergies, and skin diseases (Hsich et al., 2013). This omni-potential fea-
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ture may cause an increase in the demand for the species. Therefore, the development of
efficient multiplication protocols of K. tubiflora appears to be justified.

Nowadays in vitro tissue culture-based micropropagation is considered to be the
most efficient plant reproduction method. The techniques found wide employment with
several succulents (Saifullah et al., 2006; Wojciechowicz, 2009).

The aim of the study was to develop a cheap and efficient reproduction method of
Kalanchoe tubiflora under in vitro conditions. According to the author’s knowledge this
is the first paper about micropropagation of K. tubiflora.

Materials and methods

Material used consisted of single-node fragments of Kalanchoe tubiflora with cut-
off leaves, derived from shoots of plants grown in a greenhouse.

Disinfection of explants

Disinfection of explants was conducted in December. The initial stage involved rins-
ing shoot segments under running water and then in sterile water with a drop of deter-
gent. Next the explants were disinfected for 2 s with 70% ethanol and immersed for 10
or 20 min in the sterilizing agent — sodium hypochlorite (0.2, 0.4 or 0.6% NaOC]I). Then
the explants were rinsed 3% in sterile distilled water (10 min).

Organogenesis in vitro

Disinfected single-node segments were placed vertically on the modified MS (Mu-
rashige and Skoog, 1962) medium supplemented with 0.09 M (standard 3% w/v) su-
crose, and 330 mgl' CaCl,6H,O, 13.9 mgl' FeSO,7H,O and 20.6 mgl"
Na,EDTA-2H,0, and solidified with 8 g-1" agar. The nutrient medium was poured out
in 350 ml glass jars (40 ml of medium, five explants per jar — a single replication, three
replications used) and pH was adjusted to 5.8 prior autoclaving.

All the explants were grown in a growth room at 24°C +2°C, with 16 h of cool white
fluorescent light at photosynthetic photon flux density 21.33 pmol-m™-s™.

During the experiment the plants were not treated with any PGRs. There were also
no additional passages of explants conducted.

After the first 14 days of culture the efficiency of disinfection was recorded. The
origin of contaminations was based on the morphological observations of the colonies
(smooth and glistening were considered to be bacterial, while fussy — fungal). During
the next six months the possibility of further growth/regeneration of roots and shoots
was described.

Acclimatization

In July 2013 the produced microshoots were counted, and then transferred to ex vitro
conditions (60-120 microshoots from each factorial combination). The plants were
placed in plastic pots (18 cm in diameter) filled with a non-sterile Gramoflor substrate.
The plants were grown in a greenhouse in the natural light rhythm. To prevent the plants
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from dehydration and sunburn, pots were covered with white nonwoven fabric during
the first month of cultivation. Over the next three months the acclimatization efficiency
(percentage of growing plants) was specified. In order to compare the morphology of
the plants propagated traditionally and in vitro, control plants (propagated in vivo by
propagules) were grown in the same greenhouse.

Statistical analysis

The percentage data were arcsine transformed according to Freeman-Tukey proce-
dure before analysis. The results were subjected to analysis of variance (ANOVA; all
effects were considered random) and the comparisons of means were made according to
Tukey’s Multiple Comparison Test (p < 0.05) by using ANALWAR-5.2-FR tools.
Within the experiment six factorial combinations were studied: two times of disinfec-
tion x three NaOCI concentrations in three replications.

Results and discussion

Disinfection of explants

All of the treated explants survived disinfection. After two weeks of culture the mean
disinfection efficiency reached 77.1%. Such high results are especially satisfying since the
initiation of culture was carried out in autumn/winter, when the disinfection efficiency is
usually the lowest. The most intensive development of contaminations was observed by
the end of the first and at the beginning of the second week. Significantly more material
loss (68.2%) was caused by bacteria. Fungal contaminations accounted for only 31.8%.

There were significant differences between various disinfection protocols in terms of
a total number of infections (Table 1). The highest disinfection efficiency (percentage of
non-infected explants) was observed after a 10-minute treatment with NaOCl, regardless
of its concentration. Neither the concentration of NaOCI, nor the time of exposition

Table 1. NaOCI concentration and disinfection time effect on the share of infected explants after
14-day culture (%)

Tabela 1. Wptyw stezenia NaOCI i czasu dezynfekcji na udziat zakazonych eksplantatow 14 dni
po inicjacji kultury (%)

Time NaOCl concentration — Stezenie NaOCl

Czas

(min) 0.2% 0.4% 0.6% X (%)
10 32.2+1.8 aA 26.0 £2.0 bA 19.9 £1.7 bA 245+4.14 a
20 37.2+22aB 52.343.1 aA 39.5+2.3 aB 442+421b
X 347+1.85B 43.549.09 A 29.7+5.78 B

Standard deviations followed by the same letters are not significantly different at p < 0.05. Small letters
refer to the disinfection time, capital letters refer to the NaOCI concentration, X — mean.

Odchylenia standardowe oznaczone tymi samymi literami nie r6znia si¢ istotnie przy p < 0,05. Mate litery
odnosza si¢ do czasu dezynfekcji, duze litery odnosza si¢ do st¢zenia NaOCl, x — $rednia.
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significantly affected the development of fungal contaminations (data not shown).
However, longer disinfection with 0.2% NaOCl resulted in a significantly more frequent
bacteria occurrence (data not shown). The observed loss of material due to bacteria
development is quite uncommon, since usually fungal contaminations are the main
propulsion in micropropagation. This may indicate the presence of endophytes — micro-
organisms living in the body of K. tubiflora.

The bacterial endophytes hypothesis is supported by the fact that more contamina-
tions were observed after a longer (20-minute) disinfection. Prolonged exposure to
NaOCl could lead to damage of the plants tissues and, consequently, more frequent
spread of bacterial colonies.

Caulogenesis in vitro

First signs of growth (axillary bud development) were visible already six days after
culture initiation. From the obtained plantlets, secondary microshoots were produced in
two ways: axillary shoots development (both single and multiple, Fig. 1 A-D) and more
frequent — direct regeneration of adventitious shoots from distal leaves edges (Fig. 1 E-H).

Fig. 1. Development of auxillary (A-D) and adventitious (E-H) shoots of Kalanchoe tubiflora
(from leaf axil/leaf edge, respectively) with roots (1 bar = 1 mm)

Rys. 1. Rozwoj peddéw bocznych (A-D) i przybyszowych (E-H) Kalanchoe tubiflora (odpo-
wiednio z kata/brzegu liscia) wraz z korzeniami (1 odcinek = 1 mm)

A relationship between the disinfection procedure and the efficiency of caulogenesis
in vitro was recorded. The greatest number of shoots per explant was produced after
applying 0.4% NaOCI (43.5), while the smallest (29.7) with 0.6% (Table 2). Longer
disinfection stimulated organogenesis (44.2 microshoots per explant) in comparison to
the shorter path (24.5). A significant interaction between these two factors was ob-
served: the highest (52.3, maximum 64.4) after 20-minute disinfection with 0.4%
NaOCl, while the lowest micropropagation efficiency (19.9 microshoots per one ex-
plant) was observed after 10-minute disinfection with 0.6% NaOCI. This may indicate
a positive influence of stress (associated with explants disinfection) on the micropropa-
gation efficiency, which was also observed with other succulent species (Lema-Rumin-
ska and Kulus, 2012, 2014).
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Table 2. NaOCl concentration and disinfection time effect on the Kalanchoe tubiflora caulogene-
sis efficiency (i.e. on the number of microshoots produced from a single explant)

Tabela 2. Wplyw stgzenia NaOCl i czasu dezynfekcji na efektywno$¢ kaulogenezy Kalanchoe
tubiflora (1j. na liczb¢ mikrosadzonek uzyskanych z pojedynczego eksplantatu)

Time NaOCl concentration — Stezenie NaOCl

Czas

(min) 0.2% 0.4% 0.6% X (%)
10 0.0 £0.0 bA 6.7+2.2 aA 333+11.1aA 1334+3.7b
20 52.6+9.3 aA 17.5+5.9 aB 20.0 +6.7 aB 30.0+4.2a
X 263+5.7A 121429 A 26.6+5.9 A

Standard deviations followed by the same letters are not significantly different at p < 0.05. Small letters
refer to the disinfection time, capital letters refer to the NaOCI concentration, X — mean.

Odchylenia standardowe oznaczone tymi samymi literami nie rdznig si¢ istotnie przy p < 0,05. Male litery
odnosza si¢ do czasu dezynfekcji, duze litery odnosza si¢ do stezenia NaOCl, X — $rednia.

The obtained results are comparable to the micropropagation yield of the Caryophyl-
laceae species, which however, required the addition of both auxins and cytokinins for
indirect regeneration (Holobiuc et al., 2004-2005). However, as for Crassula arbo-
rescens (Mill.) Willd. even the addition of PGRs stimulated the maximum regeneration
of 13 adventitious shoots from a single leaf explant (Liu et al., 2007). Kalanchoe tubi-
flora was also characterised by a higher micropropagation yield than Chrysanthemum
xgrandiflorum Kitam. (Kulus, 2014) or Ajania pacifica (Nakai) Bremer et Humphries,
which produced approximately 10 shoots from a single-node explant inoculated on
a PGRs-free medium (Zalewska et al., 2012). Kane et al. (1993) achieved a significantly
higher regeneration potential of single-node segments of Crassula helmsii (Kirk) Coc-
kayne after supplementing the medium with benzyladenine (100 shoots per explant), in
comparison to the cytokinin-free control (50 shoots per explant). Therefore, the addition
of this compound could be considered with K. tubiflora. However, by using PGRs-free
media, the risk of endophytes development and mutation occurrence is reduced (Vidican
et al., 2009).

A problem appearing sometimes under in vitro conditions is plants vitrification (hy-
perhydration). It is caused by a very high level of humidity in the culture vessel (100%)
and is manifested by excessive hydration of tissues. Such plants are unable to survive.
In this study, however, no such phenomenon was recorded.

After a six-month culture microshoots 5-130 mm in length were produced. This
shows that regeneration of new plants proceeded in a continuous manner. It also high-
lights the possibility of using tissue culture for long-term storage of valuable K. tubiflo-
ra cell lines/genotypes, especially after lowering the content of macronutrients, light
intensity and/or the addition of sucrose.

Rooting in vitro

Rooting is often a separate stage of a micropropagation protocol, requiring addition-
al transfer to an auxin-supplemented medium (Kulus and Zalewska, 2014). However, in
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the present study, it was recorded, that all of the microshoots produced roots spontane-
ously. Their development began after 11 days of culture. The observed rhizogenesis on
a PGRs-free medium is highly beneficial. It allows for a reduction of time and costs of
the procedure. Spontaneous rooting was also observed with other species (Lema-
-Ruminska and Kulus, 2014). These reports confirm the assumption about a high level
of endogenous growth regulators in at least some succulents.

Acclimatization

Acclimatization was fully successful. A 96% survival of microshoots was recorded.
The plantlets were of a more attractive morphology (shorter internodes and more fleshy
leaves) in comparison to the control plants from the greenhouse (Fig. 2).

A B

Fig. 2. Mature plants of Kalanchoe tubiflora obtained from in vitro
cultures three months after acclimatization (A) and controls cultivated
in the greenhouse (B) (1 bar = 1 cm)

Rys. 2. Dojrzate rosliny Kalanchoe tubiflora uzyskane z kultur in vitro
trzy miesigce po aklimatyzacji (A) oraz kontrole uprawiane w szklarni
(B) (1 odcinek = 1 cm)

The observed successful acclimatization is especially satisfying, since it was per-
formed in summer (July), when it’s efficiency is usually the lowest, due to low humidi-
ty, high temperatures and intense light irradiation, which significantly differ from the
conditions in the growth room. It was observed that even 50% of plantlets may die at
that stage, due to excessive water loss (Pérez-Molphe-Balch et al., 1998). Succulents,
however, have a strongly developed cuticle and a great ability of a fast rehydration.
As a result, water loss is reduced, and they are free from the desiccation shock during
acclimatization (Malda et al., 1999).
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Conclusions

1. Node explants of Kalanchoe tubiflora are a good explant source for micropropa-
gation showing a high tolerance to chemical disinfection.

2. Prolonged chemical stress (treatment with 0.4% NaOCI for 20 min) has a positive
influence on the multiplication rate of K. tubiflora.

3. Both caulogenesis and rhizogenesis of K. tubiflora occur spontaneously on the
MS medium without the addition of any plant growth regulators.

4. Microshoots of K. tubiflora are characterised by a high desiccation stress res-
istance accompanying acclimatization.

5. Micropropagation (single-node technique) can be considered as a fast and effi-
cient reproduction method of K. tubiflora (over 50 microshoots from a single-node
explant).
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MIKROROZMNAZANIE KALANCHOE TUBIFLORA (HARVEY) HAMET

Streszczenie. Kalanchoe tubiflora (Harvey) Hamet to madagaskarski sukulent, bedacy popularna
ros$ling ozdobng. W zwigzku z obecnoscig cennych metabolitéw o dzialaniu antymitotycznym
moze by¢ z powodzeniem wykorzystany takze w terapii przeciwnowotworowej. Celem niniej-
szych badan bylo opracowanie wydajnej metody reprodukcji K. tubiflora. Fragmenty pedéw K.
tubiflora uzyskane z roslin uprawianych in vivo zdezynfekowano z wykorzystaniem nastgpuja-
cych stezen podchlorynu sodu: 0,2%, 0,4% i 0,6% przez 10 lub 20 min. Nast¢pnie jednoweztowe
fragmenty pedow byty inokulowane na pozywce MS bez regulatorow wzrostu. Uzyskane mikro-
sadzonki przeniesiono do szklarni. Inicjacja kultur zakonczyta si¢ powodzeniem. Zaobserwowano
regeneracje mikrosadzonek. Srednia liczba ro$lin uzyskanych z jednego eksplantatu wyniosta od
20 do nawet 52. Mikrosadzonki wytworzyty korzenie, bez pasazowania na pozywke ukorzeniaja-
ca. Rosliny zostaly skutecznie zaaklimatyzowane do warunkéw szklarniowych.

Stowa kluczowe: aklimatyzacja, kaulogeneza, dezynfekcja, kultury in vitro, organogeneza, uko-
rzenianie, jednoweztowe fragmenty pedow, sukulenty
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