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Factors affecting Zantedeschia Spreng. 
dedifferentiation in vitro
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Zantedeschia Spreng. is an economically important ornamental 
plant species. Improvement of aesthetic parameters and crea-
tion of novel variations of decorative plants are important eco-
nomic goals for the commercial ornamental industry. The effect 
of the combination of growth regulators and the explant type on 
dedifferentiation induction in Zantedeschia aethiopica and Zant-
edeschia elliottianna was investigated. Research was carried out 
at the Institute of Biology and Plant Biotechnology of Aleksan-
dras Stulginskis University and at the  Laboratory of Agrobio-
technology of the Joint Research Centre in 2016–2017. Explants 
(leaf discs, spathe discs, and petiole segments) were cultured on 
the  MS medium supplemented with different concentrations 
of indole-3-acetic acid (IAA), indole-3-butyric acid (IBA) and 
6-benzylaminopurine (BAP), 30.0 g l–1 sucrose, and 8.0 g l–1 agar. 
Leaf discs and spathe discs did not show any response in the me-
dium without growth regulators, while 16.3% (Zantedeschia ae-
thiopica) and 24.3% (Zantedeschia elliottianna) of isolated petiole 
segments formed callus. Our results showed that an appropriate 
combination of growth regulators for callus induction varied de-
pending on the genetic background and the explant type. It was 
documented that isolated petiole segments of the arum lily and 
the calla lily induced more statistically reliable callus in a medium 
supplemented with combination BAP  +  IAA, while the  combi-
nation BAP + IBA promoted callus formation from spathe disc 
tissues. Petiole segments manifested the highest dedifferentiation 
capability among the tested explant types. The results of the study 
showed that the ability of the somatic tissues of the arum lily and 
the  calla lily to induce dedifferentiation seems to be a  valuable 
material for improvement of ornamental values in these plants.
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INTRODUCTION

Species of Zantedeschia Spreng. are very popular all 
over the world because of their attractive inflores-

cence. They are commercially available as cut flow-
ers and potted plants (Letty, 1973; Tjia, 1989; Corr, 
1993; Kuehny, 2000). This plant is of high horticul-
tural and economic value. Proper ambient temper-
ature is necessary for the growth and development 
of the calla lily, so these plants are commonly grown 
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in and exported from the countries in temperate 
zones with warm summers. Growing of the cal-
la lily has been studied widely (Plummer et al., 
1990; Corr, Widmer, 1991), the  major efforts 
being focused on the  control of flowering and 
tuber storage (Corr, Widmer, 1987, 1988). Com-
mercially, multiplication of Zantedeschia Spreng. 
through branches and tubers is practiced to in-
crease the size and the number of tubers. How-
ever, serious losses are caused by field-grown 
tubers infected by Erwinia soft rot (Chen et al., 
2000). Due to high infection in individuals, 
Cohen (1981) and Ruiz (1996) with colleagues 
introduced plant propagation by an in vitro me-
thod. The  in  vitro technique has for long been 
elaborated commercially for the  propagation 
of plant material for agricultural, horticultural, 
pharmaceutical, or research purposes, and for 
building up disease-free reserves (Thorpe, 2007).

Induction of dedifferentiation is regulated by 
endogenous and exogenous growth regulators 
in the plant nutrient medium (MS) (Murashige, 
Skoog, 1962). An important role in dedifferen-
tiation induction is played by the type and con-
centration of plant growth regulators and their 
interaction (Khanam et al., 2000). It has been 
found that different combinations of auxins and 
cytokinins in the medium affected the intensity 
of callus formation (Makunga et al., 2005). For 
the  induction of dedifferentiation of Zantede-
schia Spreng., cytokinins are commonly used 
for explants (D’Arth  et  al., 2002; Naor  et  al., 
2004; Yip et al., 2006). Indirect organogenesis 
offers devices for dedifferentiating plant tissue 
into callus permitting transformation and se-
lection protocols, and regenerating processes 
of a whole plant in vitro from transformed cal-
lus (Robinson, Firoozabady, 1993). Various 
types of explants, such as rhizomes and buds 
(Chang et al., 2003; Ebrahim, 2004; Yip et al., 
2006), shoots (Cohen, 1981), and leaves (Gong 
Xue-Qin  et  al., 2008; Zheng, 2010) have been 
used for dedifferentiation of the calla lily.

The aim of the current study was to estab-
lish a suitable system for optimal induction of 
callus from in vitro cultured leaf discs, spathe 
discs, and petiole segments of the arum lily and 
the calla lily, which could build the basis for ge-

netic improvement of Zantedeschia Spreng. and 
aid in the  multiplication and conservation of 
the resources of the wild calla lily.

MATERIALS AND METHODS

The experiment was carried out in 2016–2017, 
at the  Institute of Biology and Plant Biotech-
nology of Aleksandras Stulginskis University 
and the  Laboratory of Agrobiotechnology of 
the Joint Research Centre. Two species of Zant-
edeschia Spreng. were used: Zantedeschia aethi-
opica – the arum lily and Zantedeschia elliotti-
anna – the calla lily. Leaf discs, spathe discs, and 
petiole segments were surface sterilized in 70% 
ethanol for 0.5  min, then in 10% sodium hy-
pochlorite for 4 min, and rinsed three times for 
5 min with sterile distilled water. The explants 
were placed on the MS medium supplemented 
with different concentrations and combinations 
of growth regulators. Firstly, for best callus ini-
tiation, two different cytokinins were tested: 
6-benzylaminopurine (BAP) (1.0; 2.0  mg  l–1) 
and kinetin (KIN) (1.0; 2.0  mg  l–1). At a  later 
stage of research, additional concentrations 
of auxins  –  indole-3-acetic acid (IAA) (0.25; 
0.5; 1.0; 2.0  mg  l–1) and indole-3-butyric acid 
(IBA) (0.25; 0.5; 1.0; 2.0 mg l–1) – were added to 
the MS medium with 2.0 BAP mg l–1. The me-
dium was supplemented with 30.0 g l–1 sucrose 
and solidified with 8.0 g  l–1 agar. The medium 
was adjusted to pH 5.5 prior to autoclaving at 
115°C for 30 min. For the above experiments, 
nine explants were cultured in Petri dishes, each 
containing 15 ml of the medium. Petri dishes 
were sealed with Parafilm and maintained in 
a growth chamber at 22 ± 2°C, at a light density 
of 50  µmol m–2  s–1, photoperiod 16/8  h (day/
night).

The experiment was set up in a completely 
randomized design. Each treatment consisted 
of three replicate plates and the  experiments 
were repeated three times. The  percentage of 
explants producing callus was recorded [(num-
ber of explants with callus/total number of ex-
plants)  ×  100%]. Computer programs STAT 
and ANOVA from SELEKCIJA and IRRISTAT 
(Tarakanovas, Raudonius, 2003) were used for 
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calculation. The  mean value and the  standard 
error for each species were calculated based on 
the number of independent replications.

Means within a column followed by the same 
letter are not significantly different. The  data 
are grouped by Duncan’s multiple-range test 
(P ≤ 0.05).

RESULTS AND DISCUSSION

Scientists now count about 200 different kinds 
of natural and synthetic cytokinins. BAP is 
a  synthetic cytokinin known for its high acti-
vity (Werner et al., 2003; Sakakibara, 2006). Cy-
tokinin stimulates cell division, shoot and bud 
formation, and promotes chlorophyll synthesis 
(Werner  et  al., 2003). Different plant tissues 
have different dedifferentiation options (Cole-
man et al., 2003).

Callus formation frequency depends on 
the  concentration of cytokinin BAP sup-
plemented in the  nutrient medium and on 
the  type of Zantedeschia Spreng. explant. It 
was found that leaf and spathe explants of 
the  arum lily and the  calla lily did not form 
callus in the nutrient medium without growth 
regulators (Fig. 1). It was determined that 2.0 
BAP mg l–1 was the most efficient: this optimal 

concentration developed an average of 58.4% 
of callus formation in leaf explants of the arum 
lily. The dedifferentiation rate of growing leaf 
explants of the calla lily in the  same medium 
was 44.7%. Cultivation of isolated tissues of 
spathe of the  arum lily on the  medium sup-
plemented with 1.0 mg l–1 BAP produced bet-
ter results: these explants formed callus 1.2 
times more intensively than the  explants of 
the calla lily. The medium supplemented with 
2.0 mg l–1 BAP spathe explants formed callus at 
79.6% frequency for the calla lily and 62.6% for 
the arum lily.

The research results show that isolated petiole 
segments on the nutrient medium supplemented 
with the same concentrations of cytokinin pro-
duced better results: the  tissue culture formed 
callus even on the medium without growth regu-
lators (16.3% – the arum lily and 24.3% – the cal-
la lily). Isolated petiole explants formed callus in 
both kinds of plants it also depends on the com-
position of the  nutrient medium. Better results 
were obtained by the arum lily.

The literature suggests that callus induction 
in isolated leaf tissue culture of Zantedeschia 
Spreng. was weak. Zheng (2010) established 
that the  most active callus induction from 
leaf segments depends on the  combination of 

Fig. 1. Effect of cytokinins on the frequency of callus formation in different type of explants of the arum lily 
(A) and the calla lily (B)

Note: means not sharing a common letter (a, b...) are significantly different P ≤ 0.05
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the medium supplemented with growth regula-
tors 0.1 mg l–1 NAA + 2.0 ml l–1 BAP. Gong with 
his team (2008) and Duquenne (2006) found that 
the  best dedifferentiation was in the  combina-
tion of the medium supplemented with growth 
regulators 2.0 mg l–1 NAA + 2.0 mg l–1 BAP.

At a  later stage of our research, addition-
al concentrations of auxins (IAA, IBA) were 
added to the MS medium with 2.0 BAP mg l–1, 
which in some cases increased callus forma-
tion. It was found that the frequency of callus 
formation of arum lily leaf segments culture 
was the most intensive: 81.6% of explants cul-
tivated on the MS medium supplemented with 
0.5 mg l–1 IAA + 2.0 mg l–1 BAP of growth regu-
lators (Fig. 2). The other tested concentrations 
of IAA in the medium had a positive effect on 
the formation of callus.

The highest callus formation rate (85.2%) was 
determined in isolated spathe discs of the arum 
lily, cultivated in the medium supplemented with 
2.0 mg l–1 IAA + 2.0 mg l–1 BAP. In the medium 
supplemented with 0.5 mg l–1 IAA + 2.0 mg l–1 
BAP and 1.0 mg l–1 IAA + 2.0 mg l–1 BAP concen-
trations, callus formation rates were 61.6% and 
63.8%, respectively. The  best callus formation 
frequency, 70.2%, was influenced by 0.5 mg  l–1 
IBA + 2.0 mg l–1 BAP.

The investigation showed that isolated arum 
lily petiole segments grown on the  nutrient 
medium supplemented with IAA dedifferenti-
ated intensively. The best supplement for callus 
formation from petiole explants was 1.0 mg l–1 
IAA concentration: the frequency of callus for-
mation was 96.5%. Both kinds of isolated leaf 
culture of the  investigated plants were unable 
to form callus on the medium without growth 
regulators.

In vitro studies of spathe explants are quite 
rare. Studies on callus induction from that type 
of isolated tissues are often applied to Anthu-
rium (Anthurium), which is assigned to the Ar-
aceae family, the same as the arum and calla lil-
ies. Budiarto (2008) studied dedifferentiation of 
explants and found that the nutrient medium is 
appropriate to supplement the BAP in combi-
nations with auxins.

Isolated leaf discs of the calla lily in the nu-
trient medium supplemented with 0.25  mg  l–1 
IAA + 2.0 mg l–1 BAP and 0.5 mg l–1 IAA + 2.0 mg 
l–1 BAP combinations formed callus at the  fre-
quency of 51.4% and 55 %, respectively (Fig. 3). 
Increasing the concentration of auxin in the me-
dium to 1.0 and 2.0 mg l–1, the frequency of cal-
lus formation increased to 66.7% and 64.8%. 
The differences were insignificant.

Fig. 2. Effect of growth regulators and the type of explants on the frequency of callus formation from arum lily

Note: means not sharing a common letter (a, b...) are significantly different P ≤ 0.05
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It was determined in the  investigation that 
growing leaf explants of the calla lily on the me-
dium with increasing concentration of the IBA 
in combination with BAP the frequency of cal-
lus formation increased significantly. The  me-
dium supplemented with 1.0  mg  l–1 IBA in 
combination with 2.0  mg  l–1 BAP produced 
the highest callus formation rate of 77.8%.

The average results of this study showed that 
the spathe discs of the calla lily formed callus 
less frequently than the  explants of the  arum 
lily. Evaluation of the effect of IBA on the gen-
esis of spathe callus of the calla lily showed that 
explants formed callus intensively. The  best 
result  –  78.2%  –  of the  callus formation rate 
with calla lily spathe discs was determined 
in the  medium supplemented with 0.5  mg  l–1 
IBA + 2.0 mg l–1 BAP additive. Increasing con-
centrations of IBA from 1.0 mg l–1 to 2.0 mg l–1 
in the medium inhibited the process of dedif-
ferentiation.

Both types of arum lily and calla lily petiole 
culture were able to form callus on the MS me-
dium without growth regulators where arum lily 
petiole segments formed callus at the frequency 
of 16.3%, and calla lily at 24.3%.

To induce the callus genesis of the Zantede-
schia Spreng. in petiole culture, scientists use 

lower quantities of macro and micro salts and 
MS nutrient medium is supplemented with com-
binations of growth regulators. Callus forma-
tion rate of 53.3% was obtained when 1.0 mg l–1 
2,4-D + 1.0 mg l–1 BAP combination was added 
to the  medium. Sakpere and Adebona (2007) 
investigated petiole isolated tissue culture of Ca-
ladium (these plants belong to the same family). 
It was found that under the  influence of KIN, 
explants formed callus at the rate of 33%.

In our research it was determined that cal-
lus formation frequency of calla lily petiole seg-
ment culture in the  medium with 0.25  mg  l–1 
IAA  +  2.0  mg  l–1 BAP was 78.9%. Increasing 
the  concentration of IAA in the  nutrient me-
dium increased the callus formation rate. Peti-
ole explants formed callus in 100% frequency 
in the  medium supplemented with 1.0  mg  l–1 
and 2.0 mg l–1 IAA.

CONCLUSIONS

The calla lily manifested a higher power of dedi-
fferentiation than the arum lily. To induce cal-
lus genesis on somatic tissues of the arum lily, 
the  most suitable nutrient medium must be 
supplemented with 0.5 mg 1–1 IAA + 2.0 mg 1–1 
BAP (leaf explants), 2.0 mg 1–1 IAA + 2.0 mg 1–1 

Fig. 3. Effect of growth regulators and the type of explants on callus formation frequency from the calla lily

Note: means not sharing a common letter (a, b...) are significantly different P ≤ 0.05
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BAP (spathe explants), and 1.0 mg 1–1 IAA  + 
2.0 mg 1–1 BAP (petiole explants). Somatic tis-
sues of the  calla lily formed callus most in-
tensively in the  medium supplemented with 
1.0 mg 1–1 IBA + 2.0 mg 1–1 BAP (leaf explants), 
1.0  mg  1–1 IAA  +  2.0  mg 1–1 BAP (petiole ex-
plants), and 2.0  mg  l–1 KIN (spathe explants). 
Petiole segments formed callus more intensively 
than isolated tissues of leaves and spathe.
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ZANTEDESCHIA SPRENG. DEDIFERENCIA-
CIJĄ IN VITRO LEMIANTYS VEIKSNIAI

Santrauka
Zantedeschia Spreng. yra viena iš ekonomiškai svar-
bių dekoratyvių augalų rūšių. Dekoratyvių augalų 
pramonėje didelę reikšmę turi estetinių savybių 
potencialo ir naujų dekoratyvių savybių kūrimas. 
Tyrimo metu buvo įvertintas augimo reguliatorių 
bei eksplanto tipo poveikis Zantedeschia aethiopi-
ca ir Zantedeschia elliottiana dediferenciacijos in-
dukcijai. Tyrimai atlikti 2016–2017 m. Aleksandro 
Stulginskio universiteto Agronomijos fakulteto 
Biologijos ir augalų biotechnologijos institute bei 
Jungtinių tyrimų centro Agrobiotechnologijos la-
boratorijoje. Izoliuoti kalijos eksplantai – lapai, pa-
pėdlapiai ir lapkočiai – auginti Murashige ir Skoog 
(MS) bazinėje maitinamojoje terpėje su skirtingais 
augimo reguliatoriais  –  indolil-3-acto rūgštimi 
(IAR), indolil-3-sviesto rūgštimi (ISR) ir 6-benzi-
lamino purinu (BAP), kurie buvo papildyti 30 g l–1 
sacharozės, 8 g l–1 agaro.

Maitinamojoje terpėje be augimo reguliato-
rių izoliuoti kalijos lapų ir papėdlapių segmentai 
kaliaus neformavo, o izoliuoti lapkočiai kalių for-
mavo –16,3  % (Zantedeschia aethiopica) ir 24,3  % 
(Zantedeschia elliottianna). Kaliaus formavimosi in-
tensyvumas priklausė nuo augimo reguliatorių de-
rinio maitinamojoje terpėje ir pasirinkto eksplanto 
tipo. Tyrimo rezultatai rodo, kad izoliuoti lapkočiai 
intensyviausiai kalių formavo BAP + IAR papildyto-
se maitinamosiose terpėse, o papėdlapiai – terpėse 
su BAP + ISR. Iš tirtų kalijos eksplantų izoliuoti lap-
kočių audiniai pasižymėjo didžiausiu dediferencia-
cijos dažniu. Tyrimo rezultatais nustatyta, kad dvie-
jų rūšių  –  Zantedeschia aethiopica ir Zantedeschia 
elliottiana – kalijos somatinai audiniai yra tinkama 
medžiaga tobulinant šių augalų dekoratyvumą.

Raktažodžiai: Zantedeschia Spreng., eksplantas, 
kaliaus indukcija, augimo reguliatoriai


