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Due to their contribution to the reduction of disease 
risk, health improvement and well-being foodstuffs 
with beneficial influence on the human health are ac-
quiring growing importance. Yacon (Smallanthus son-
chifolius (Poepp. and Endl.) H. Robinson) is among 
the plants belonging to the group of functional health 
food. Edible tubers of yacon contain many valuable 

minerals, vitamins, and prebiotic dietary fibers, which 
stimulate selective growth and beneficial intestinal 
microflora activity [Lachman et al. 2003, Passos and 
Park 2003, Lago et al. 2011]. Prebiotic compounds ex-
ert positive influence on immune system, enhancing 
the resistance to infections and allergic reactions and 
lowering the risk of cancer and diabetes. In addition to 
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ABSTRACT

Yacon becomes an important plant with strong medical and dietary potential. Therefore, studies on the op-
timization of yacon micropropagation were undertaken. Reproduction of yacon is conducted by traditional 
methods with green seedlings or long offsets taken from the underground and aboveground rootstock. The in-
fluence of different disinfection methods, various initial explants and growth regulators, their concentrations, 
and combinations on the efficiency of micropropagation have been analyzed. The most effective disinfection 
was the use of 70% ethanol and 0.5% Tween 20. The optimal initial explants were apical and lateral buds 
cultured on Murashige and Skoog (MS) medium with 0.2 mg L–1 kinetin and 1 mg L–1 indole-3-acetic acid.  
The most intensive shoot regeneration occurred on MS medium with 1 mg L–1 thidiazuron and 1-naphthy-
lacetic acid. Histological observations demonstrated the strong effect of growth substances on shoot organo-
genesis from callus tissue. Shoots obtained from in vitro cultures rooted easily on modified MS media with ½ 
or ¼ concentration of macroelements, 20 g L–1 sucrose and 3 mg L–1 1-naphthylacetic acid. All plants adapted 
to ex vitro conditions.
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-lacetic acid; PGRs – plant growth regulators

INTRODUCTION

https://orcid.org/0000-0002-3925-5233
https://orcid.org/0000-0003-1806-0493
https://orcid.org/0000-0002-5891-6869
https://orcid.org/0000-0001-7202-7737
https://orcid.org/0000-0002-4294-9850
https://orcid.org/0000-0002-7287-2030


132 https://czasopisma.up.lublin.pl/index.php/asphc

Kiszczak, W., Kowalska, U., Burian, M., Glińska, S., Domaciuk, M., Górecka, K. (2022). Elaboration of micropropagation system of medic-
inal plant yacon (Smallanthus sonchifolius (Poepp.) H. Rob.). Acta Sci. Pol. Hortorum Cultus, 21(1), 131–141. https://doi.org/10.24326/
asphc.2022.1.11

the prebiotic compounds, yacon contains flavonoids, 
phenolic acids and the amino acid tryptophan, which 
possess antioxidant, anti-inflammatory, antibacterial, 
and anticarcinogenic properties. Phenolic compounds 
in yacon protect biomolecules such as DNA, lipids or 
proteins from damage caused by free oxygen and ni-
trogen radicals [Corrêa et al. 2009]. 

The plants comprising compounds with benefi-
cial influence on human health are significant also for 
plant breeding and food trade. As a source of health 
promoting ingredients yacon is gaining an increasing 
consumer demand [Millela et al. 2011]. Extracts from 
yacon roots are mainly incorporated into products like 
flour, juices, purees, chips, sweeteners in the form of 
syrups with a high content of fructooligosaccharides. 
Moreover, yacon has a huge potential to become  
a valuable crop for small farming. 

Low level of pollen germination and low seed vi-
ability make the sexual reproductivity of yacon very 
difficult [Mansilla et al. 2010]. Therefore, yacon is 
mostly reproduced vegetatively by cuttings or tuber 
division. However, these reproduction methods may 
cause bacterial and viral pathogen transfer [Corrêa 
et al. 2009]. The threat of disease transmission at the 
vegetative propagation poses a necessity to elaborate  
a method of in vitro multiplication. The development 
of protocol for in vitro propagation of yacon is expect-
ed to provide a possibility for more extensive research 
on acquiring active substances from yacon cultures 
and their application in pharmaceutical, cosmetic or 
food industry for producing diet supplements. 

The studies on the micropropagation of Yacon in 
in vitro cultures were conducted by: Matsubara et al. 
[1990], Hamada et al. [1990], Estrella and Lazarte 
[1994], Matsubara [1997], Niwa et al. [2002] and 
Mogor et al. [2003]. In the above-mentioned publica-
tions authors tested various types of sterilization meth-
ods of initial explants. Different parts of Yacon and 
various media were used to establish in vitro cultures. 
However, none of the cited publications describe the 
whole process of micropropagation and the elabora-
tion of technology of rapid multiplication in in vitro 
cultures.

The aim of this study was to develop an efficient 
method of in vitro propagation of yacon, including all 
stages of the process. Methods for disinfection, use of 
various initial explants and the influence of selected 

plant growth regulators (PGRs) on induction of regen-
eration, proliferation and rooting are analyzed. Histo-
logical analyzes of tissue formation are also presented.

MATERIALS AND METHODS

Study area
Studies were conducted in The National Institute 

of Horticultural Research, Poland. The influence of in-
dividual factors at each stage: induction, regeneration, 
multiplication and acclimatization were analyzed.

Research protocol 
Experiment I – disinfection methods. The fol-

lowing disinfection methods were applied: I. 70% 
(v/v) ethanol + 0.5% (v/v) Tween 20 for 2 min., 
rinsed 10 times with sterile water; II. 70% ethanol + 
0.5% Tween 20 for 2 min., 10% calcium hypochlorite 
+ 0.5% Tween 20 for 30 min., rinsed 10 times with 
sterile water; III. 0.1% HgCl2 + 0.5% Tween 20 for  
10 min., rinsed 10 times with sterile water, 10% chlo-
ramine solution + 0.5% Tween 20 for 20 min., rinsed 
10 times with sterile water. 

In the first experiment, leaves collected from plants 
grown in a greenhouse were used as initial explants 
in the first experiment, where 3 methods of steriliza-
tion were tested. First 2 methods of disinfection were 
applied in the second experiment, where meristems 
and leaves were used as initial explants. In the cur-
rent experiment the effect of sterilization method on 
the purity of in vitro cultures and the type of obtained 
multiplication was examined.

Experiment II – regeneration. The experiments 
were conducted on MS medium [Murashige and 
Skoog 1962] containing 20 g L–1 sucrose, 6 g L–1 agar 
with pH 5.6. The following cytokinins were applied: 
BA, Kin., TDZ, 2iP. The auxins were: IAA, IBA, 
NAA. Various combinations of cytokinins, auxins and 
putrescine were tested (Tab. 1).

The explants such as: A) leaves and leaf frag-
ments; B) nodal and internodal shoot fragments;  
C) shoot tips; D) internodal fragments of axillary 
buds; E) nodal fragments of axillary buds; F) flow-
er buds were placed in tubes, in a phytotron at 20°C  
with a 16/8 photoperiod under fluorescent light at 
30 μmol m–2 s–1. The observations were done twice 
a week for 2 months. Protocorm-Like Bodies (PLBs) 
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obtained in the first passage were then transferred on 
the same set of media.

Experiment III – rooting and acclimatization. 
Shoots obtained on the regeneration media (Tab. 1) 
were transferred onto the MS rooting media, which 
contained ½ or ¼ concentration of macroelements 
with the standard amount of microelements for this 
medium (marked as MS ½ or MS ¼) with sucrose  
(20 g L–1) and NAA (1 mg L–1). 

Complete plants were planted in multipots filled 
with sand and peat substrate (3 : 1). Plants were grown 

in plastic tunnel, on capillary mat, in order to ensure 
about 100% humidity, in a growth chamber with con-
trolled conditions: temperature of 18°C during the 
day and 16°C at night with a light intensity of approx.  
30 µmol m–2 s–1 (16/8 hours light photoperiod) or in 
the greenhouse.

Cross sectional histological analyzes
Cross sections of yacon callus were prepared to 

analyse the histological structure. Semi-thin sections 
(1 μm) were cut with a glass knife on ultramicrotome 

 Table 1. Combinations of plant growth regulators (PGRs) and putrescine used in experiments on the micropropagation  
of yacon 

PGRs (mg L–1) Medium 
symbols 

Kin. IAA BA NAA IBA TDZ 2iP putrescine 

MS – A 0.2 1.0 – – – – – – 

MS – B 4.0 0.8 – – – – – – 

MS – C 1.0 1.0 – – – – – – 

MS – D – – 0.2 1.0 – – – – 

MS – E 0.2 1.0 5.0 – 1.0 – – – 

MS – F – – 0.2 1.0 – – – 0.5 

MS – G – – 0.2 1.0 – – – 1.0 

MS – H – 1.0 1.0 – – – – – 

MS – I – – 2.0 – 1.0 – – – 

MS – J – – 5.0 – 1.0 – – – 

MS – K – – 1.0 0.1 – 0.1 – – 

MS – L 1.0 – 1.0 − – 0.01 1.0 – 

MS – M – – – 1.0 – 1.0 – – 

MS – N – – – 1.0 – 2.0 – – 

MS – O – – – 1.0 – 5.0 – – 

MS – P – – – 1.0 – 10.0 – – 

MS – Q – – – 1.0 – 20.0 – – 

MS – R – – – 1.0 – – 2.5 – 

MS – S – 0.01 – – – – 22.0 – 

MS – T – 0.01 – – – – 30.0 – 

MS – U – 0.01 – – – – 40.0 – 

MS – V – 0.01 – – – – 20.0 – 

MS – W – 0.01 0.2 1.0 – – 30.0 – 

 

Table 2. The influence of disinfection methods on the purity of explants and their survival 

Explants 

plated contaminated clean dead Disinfection methods 

no no % no % no % 

I 23 7 30.4 15 65.2 1 4.4 

II 26 16 61.5 7 26.9 3 11.6 

III 28 1 3.6 13 46.4 14 50.0 
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(Ultracut, Reichert-Jung, Germany), stained with 1% 
toluidine blue and analyzed with light microscope 
(Eclipse 50i, Nicon, Japan) equipped with camera 
(Power Shot digital 640, Canon, Japan), and software 
for image analysis CoolView (PRECOPTIC).

Statistical analysis 
Data were analyzed using non-parametric analyses 

such as the Kruskal-Wallis test (with Conover-Inman 
post hoc tests). Statistica v. 8.0. for Windows (Statsoft 
Inc. Tulsa, USA). The number of 10 explants, in 3 or  
4 repetitions, were placed on each tested media in every 
explant category: leaves – 30 explants; leaf fragment 
– 40; flower buds – 30; nodal shoot fragments – 40; in-
ternodal shoot fragments – 40; shoot tips – 30; axillary 
buds – 30. The number of individual types of explants 
depended on their availability. Due to the various num-
ber of repetitions, a non-parametric test was applied.

RESULTS

Experiment I – disinfection methods
From all disinfection methods of initial explants, 

the treatment with method I, was the most efficient. 
And the method II appeared to be the least effective. 
The percentage of contaminated explants was very 
high. The third applied method (III) was too drastic for 
initial explants and caused up to 50% death (Tab. 2).

In the second experiment, buds or leaves were used 
as initial explants which were treated according to 
methods I and II. Leaf explants treated with method II 
of disinfection did not show any proliferation capacity.

In case of buds the disinfection effect of applied 
methods was similar to the above mentioned. Com-
pering the influence on the explant vitality, we es-
tablished that the second method was less effective 
(Tabs 3 and 4).

Experiment II – regeneration 
A – Initial explants – leaves, leaf fragments. The 

growth of specific tissues PLBs, in the total number 
of 515, was observed on leaves and their fragments 
cultured on media containing various combinations 
of growth regulators: MS – D; MS – F; MS – N;  
MS – M and MS – O (Fig. 1). The intensity of this 
process was higher on media supplemented with TDZ. 
Such tissues were still proliferating after transferring 
on the same media in the second passage, where the 
number of 855 PLBs was obtained. Adventitious shoot 
formation was observed after placing the tissues on 
MS – E (52 pieces) and MS – J medium (96 pieces). 
The most intensive regeneration was observed on the 
latter medium.

B – Initial explants – nodal and internodal shoot 
fragments. In the first passage, complete plants were 
obtained from nodal and internodal shoot fragments 
cultured on the following media: MS – B (118 pieces); 
MS – W (103 pieces); MS – F (92 pieces). The culture 
of internodal segments allowed to obtain well devel-
oped plants with proper root system. The intensive 
production of new shoots was observed for the same 
initial explants cultured on the MS – J medium (364). 
The formation of the specific tissue (PLBs), similar to 
the tissues growing on leaves, was obtained (66) after 
placing intermodal segments on MS – M medium.

C – Initial explants – shoot tips. Complete 35 plants 
were obtained from shoot tips on MS-A medium and 
51 were obtained on MS-J medium. Plants were plant-
ed directly into substrate for adaptation to ex vivo con-
ditions. On MS-A medium, 3 unrooted shoots were 
obtained, whereas the number of 99 was received 
on MS-J medium. All shoots were transferred onto 
the rooting media. Also, 3 shoot buds were obtained 
on MS-A medium. The most regeneration (5.9) per  
1 initial explant, among 2 categories of initial explants, 

 Table 1. Combinations of plant growth regulators (PGRs) and putrescine used in experiments on the micropropagation  
of yacon 

PGRs (mg L–1) Medium 
symbols 
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MS – O – – – 1.0 – 5.0 – – 
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was obtained from internodal fragments of axillary 
buds on MS-J medium (Tab. 5). No regeneration was 
achieved on the remaining media from both analyzed 
types of initial explants.

D – Initial explants – nodal fragments of axillary 
buds. When the nodal fragments of axillary buds were 
used as initial explants, plants were obtained on MS-A 
medium in the amount of 11 pcs. and 23 pcs. on MS-J 
medium. On the same media, shoots were obtained in 
the number of 78 pcs. on MS-A medium and 96 pcs. on 
the second medium. Also, the multiplication classified 
as shoot buds in the number of 21 pcs. was obtained on 
MS-A medium and 84 pcs. on MS-J medium.

E – Initial explants – intermodal fragments of ax-
illary buds. In case of the nodal fragments of axillary 
buds, similarly to other initial explants such as shoot 
tips and nodal fragments of axillary buds, the same 
categories of multiplication were obtained on MS-A 
medium. The following number was received: plants 
– 13 pcs.; shoots – 48 pcs. and shoot buds – 9 pcs. 
On the MS-J medium, the following amount was ob-
tained: plants – 16 pcs; shoots – 177 pcs. and shoot 
buds 63 pcs.

Due to the fact that the same types of multiplication 
were obtained on the same media for the 3 above-men-
tioned categories, a statistical comparison of the  

 Table 3. The influence of disinfection on the purity of explants 

Disinfection methods 

I II 
used clean used clean 

Initial explant 

no no % no no % 
Meristems 61 52 85.3 60 50 83.3 
Leaves 20 19 95 20 20 100 

 
Table 4. The influence of disinfection method on the frequency of initial explants responses 

Disinfection methods / frequency  
of initial explants responses (%) Initial explant Regeneration 

type 
I II 

Meristems  1.9 0 
Leaves 

plants 
0 0 

Meristems 1.9 1 
Leaves 

single unrooted 
shoots 0 0 

Meristems 11.5 0 
Leaves 

shoot multiplication 
0 0 

Meristems 40.5 10 
Leaves 

adventitious buds 
0 0 

Meristems 38.5 20 
Leaves 

large callus tissue* 
12 0 

Meristems 5.7 14 
Leaves 

little callus tissue** 
0 0 

Meristems 0 5 
Leaves 

no response 
7 20 

* Large callus tissue – callus weighing more than 1 g 
** Little callus tissue – callus weighing less than 1 g 

 

Table 5. The number of shoots and shoot buds obtained on MS media from different explants depending on the plant 
growth regulators (PGRs) combination 

Per 1 initial explant Initial explants Medium: PGRs 
(mg L–1) 

shoots shoot buds 
MS – A (Kin 0.2 + IAA 1.0) 1.1 a 0.1 a 

Shoot tips MS – J (BA 5.0 + IBA 1.0) 3.3 b 5.5 d 
MS – A (Kin 0.2 + IAA 1.0) 2.6 ab 0.7 abc nodal fragments 
MS – J (BA 5.0 + IBA 1.0) 3.2 bc 2.8 cd 
MS – A (Kin 0.2 + IAA 1.0) 1.6 ab 0.3 ab 

Auxiliary 
buds 

internodal fragments 
MS – J (BA 5.0 + IBA 1.0) 5.9 c 2.1 bcd 

Means for each explants type marked with the same letter do not differ significantly from each other at a significance level of α = 0.05; Kruskal- 
-Wallis test 
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* A – initial explants: leaves, leaf fragments 
* B – initial explants: nodal and internodal shoot fragments 
* C – initial explants: shoot tips
* D – initial explants: axillary buds: nodal fragments
* E – axillary buds: internodal fragments

Fig. 1. Number and the type of obtained multiplication from various types of initial explants on  
individual media. The graph does not present initial explants and media on which multiplication was not 
obtained
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Fig. 2. Histological structure of yacon (Smalanthus sonchifolius) tissue similar to Proto-
corm-Like Body (PLBs) obtained on leaves on MS medium supplemented with 1 mg L–1 
TDZ and 1 mg L–1 NAA; e – epidermal cells, se – subepidermal cells, p – parenchymal cells, 
L – leaf development. A, B – red external layers of cells containg chlorophyll and centrally 
located, colorless parenchyma cells; B, C – organogenesis process on the different level of 
advancement on the surface of callus tissue; D – tissues of multicellular trichomes within the 
epidermis of a cover character; E – tissues of multicellular trichomes within the epidermis of  
a glandular character (phot. S. Glińska)
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efficacy of MS-A and MS-B media was performed for 
the efficiency of the regeneration process.

F – Initial explants – flower buds. Regeneration 
was obtained from this type of initial explant on all 
tested media. Protocorm-like bodies obtained on leaf 
explants cultured on MS – M medium showed his-
tological differentiation during anatomical studies  
(Fig. 2). Under the external layer of small epidermal 
cells (e), there was a layer of subepidermal cells (se) 
and in the central part the agglomeration of parenchy-
mal cells (p). Cells with the red dye were often ob-
served in the subepidermal layer. Within the parenchy-
ma we could distinguished external layers of cells con-
taining chlorophyll and also large, centrally located, 
colorless parenchyma cells (Fig. 2A, B). Organogene-
sis process on the different level of advancement was 
observed on the surface of callus tissue (Fig. 2B–C). 
In the initial stage of this process, the cluster of small 
meristematic cells formed the shoot apical meristem 
(Fig. 2B, asterisk) with the leaf development (L), the 
differentiation of various tissues, including vascular 
tissue occurred (Fig. 2C) and formation of multicellu-
lar trichomes within the epidermis (Fig. 2C, asterisks) 
of a cover (Fig. 2D) or glandular type (Fig. 2E). 

Under the external layer of small epidermal cells, 
visible was a layer of subepidermal cells and in the 
central part the agglomeration of parenchymal cells. 
Shoot organogenesis was observed on the surface of 
the tissue (Fig. 2B–C). The cluster of small meriste-
matic cells formed the shootl meristem with leaf pri-
mordia in the initial stage of the process (Fig. 2B).

Experiment III – rooting and acclimatization
Almost 100% of 429 rooted shoots were obtained 

on MS ½ and MS ¼ media with 20 mg L–1 sucrose 
and 1 mg L–1 NAA. Rooted shoots adapted to ex vivo 
conditions in almost 100%, both in a growth chamber 
and greenhouse.

DISCUSSION

Estrella and Lazarte [1994], used with a success 
80% ethanol and 1% calcium hypochlorite with 0.05% 
Tween 20 for 20 min. in order to sterilize shoots col-
lected from jicama (Polymnia sonchifolius) plants 
grown in the field. In our experiments, similar two-
step disinfection method was too drastic for initial ex-

plants, resulting in low survival and poor regeneration 
capacity. 

Mogor et al. [2003] used buds sprouting from tu-
berous roots as initial explants of yacon. They disin-
fected them with 20% sodium hypochlorite for 20 and 
40 min. However, for these explants high frequen-
cy of bacterial and fungal infections was observed.  
To initiate in vitro cultures of yacon, the various ex-
plant types have been successfully used: apical buds 
[Matsubara 1997], lateral buds [Estrella and Lazarte 
1994, Mogor et al. 2003], shoot and root fragments 
[Hamada et al. 1990], nodes, leaves and their frag-
ments [Niwa et al. 2002]. Matsubara [1997] obtained 
single plants from apical buds, 2 shoots from each 
node and callus, shoots or roots from leaf fragments. 
Estrella and Lazarte [1994] reported shoots develop-
ment from axillary buds. All explants tested in our re-
search demonstrated proliferation ability.

The manner and direction of shoot development 
depended not only on the explant type, it’s structure or 
origin, but also on the applied medium and PGRs com-
position. MS medium was the most often used medi-
um for yacon micropropagation. Paterson and Everett 
[1985] used MS medium for the shoot induction from 
callus and leaf explants, which was also applied in our 
experiments. Matsubara [1997] used MS medium sup-
plemented with 0.01 mg L–1 NAA and 0.01 mg L–1 BA 
for apex buds. In our trials MS medium with the ad-
dition of the same growth substances was also applied 
for nodes and proved to be the most effective. Other 
authors applied MS medium supplemented with 2,4-D 
and BA in various concentrations for leaf fragments, 
shoots and roots. The most effective proved to be MS 
medium supplemented with 0.1 mg L–1 2,4-D and BA. 
The same medium was used by Niwa et al. [2002] for 
leaf fragments. Callus formation was observed most 
frequently on this medium. Production of callus tis-
sue on MS medium containing 0.1 mg L–1 2,4-D and  
1 mg L–1 BA was reported by Matsubara [1997]. These 
authors observed sporadic adventitious embryos forma-
tion after transferring callus on MS medium supple-
mented with 0.1 mg L–1 BA. Estrella and Lazarte [1994] 
used MS medium supplemented with IBA and BA and 
axillary buds to initiate in vitro cultures of yacon.  
In their studies, the most effective PGRs combination 
proved to be the 0.1 mg L–1 IBA and 2 mg L–1 BA. 
Niwa et al. [2002] achieved shoot organogenesis from 
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callus (obtained on leaf fragments) on HaR medium 
supplemented with 1 mg L–1 BA and 0.1 mg L–1 gib-
berellic acid (GA3). Plants micropropagated on this 
medium were submitted to AFLP analysis which re-
vealed genetic variation. 

Knowing the mutagenic impact of 2,4-D on mi-
cropropagated yacon plants, described by Niwa et 
al. [2002], this growth regulator was excluded from 
our experiments. Various types of cytokinin were used 
for inducing regeneration from leaves. TDZ was intro-
duced to our experiment, because there is a lot of infor-
mation about its positive effects on induction of shoot 
regeneration and multiplication from different explants 
of various species, including leaves [Ernst 1994].

Singh and Dwivedi [2014] applied various cyto-
kinins during conducting studies on multiplication of 
Stevia rebaudiana. These authors discovered that all 
cytokinins had an influence on shoot formation, but 
the most effective was TDZ. Brijwal et al. [2015] re-
ceived the biggest number of shoots from callus collect-
ed from leaves of Berberis aristata using WP (Woody 
Plant) medium with the addition of 0.02 mg L–1 TDZ. 
Siddique et al. [2015] used BA, kinetin and TDZ in 
order to induce shoot formation from buds during 
their research on micropropagation of Cassia angus-
tifolia. The best results were obtained at culturing on 
the medium supplemented with 1 mg L–1 TDZ. Ślesak 
et al. [2015] reported efficient shoot regeneration from 
root fragments of Rumex thyrsiflorus on MS medium 
supplemented with 0.5 mg L–1 TDZ. Tsai et al. [2016] 
elaborated the method of intensive multiplication of 
Salvia miltiorrhiza from leaf explants. The largest 
number of shoots was obtained by direct organogene-
sis with the use of medium with 0.1–0.5 mg L–1 TDZ. 
Nieves et al. [2016] obtained the greatest number of 
Kalanchoe blossfeldiana shoots from nodal explants 
on the medium supplemented with 0.2 mg L–1 TDZ. 

In our studies, the growth of a specific tissues sim-
ilar to PLBs was observed when leaves and their frag-
ments were cultured in the presence of TDZ and NAA, 
both at the concentration of 1 mg L–1. Similar struc-
tures were described by Hong et al. [2008] for orchid 
Paphiopedilum. Kundu and Gantait [2018] showed 
that TDZ induced the formation of PLBs in orchid. 
The possibility of obtaining PLBs in in vitro cultures 
allows to elaborate a highly efficient procedure of mi-
cropropagation of yacon. Cytological observations 

were conducted in order to confirm the correctness of 
classification of obtained cells as PLB. The compar-
ison of the obtained image with the figure presented 
by Zhao et al. [2008] showed some similarity, but to 
confirm the presence of PLBs in Yacon, an in-depth 
cytological analysis should be performed. 

The adventitious shoot regeneration was induced 
after transferring this tissue on medium containing  
5 mg L–1 BA and 1 mg L–1 IBA. Anatomical analy-
sis of those tissue confirmed the presence of adcen-
titious shoot buds. In our opinion, it is a significant 
achievement that we managed to stimulate leaves and 
their fragments to generate the numerous buds by 
TDZ in the combination with NAA, without the use of  
2,4-D. Matsubara [1997] reported that yacon shoots 
easily undergo the rooting process. Estrella and 
Lazarte [1994] obtained complete plants from axillary 
buds cultured on medium containing 0.02 mg L–1 BA 
and 0.1 mg L–1 IBA. Niwa et al. [2002] obtained 
rooted shoots on ½ MS media supplemented with  
0.1 mg L–1 NAA. In other studies, yacon shoots 
were rooted successfully on MS medium containing  
0.1 mg L–1 BA [Hamada et al. 1990].

Estrella and Lazarte [1994] reported that only 40% 
of plants adapted to ex vitro conditions. According to 
Hamada et al. [1990] yacon plants adapted easily in 
aired substrate under plastic tunnel within two weeks. 
Also, in our experiments, we discovered that yacon 
plants adapted quickly and easily to external condi-
tions. Conducted studies allowed to gain the skill of 
controlling the process of organogenesis in yacon by 
using various explants and selecting proper combina-
tions of growth regulators such as auxin and cytokinin 
and their concentrations. The result of this study is the 
elaboration of technology of intensive multiplication 
of yacon.

CONCLUSION

Results of conducted studies allowed to elaborate 
an efficient technology of multiplication of yacon in in 
vitro conditions, in which each stage of micropropaga-
tion was optimized. 

The optimal explants for culture induction were 
shoot tips and lateral buds, from which, after the sur-
face sterilization by method I, 1 mm long growth tips 
were isolated. The best for culture induction proved 



140 https://czasopisma.up.lublin.pl/index.php/asphc

Kiszczak, W., Kowalska, U., Burian, M., Glińska, S., Domaciuk, M., Górecka, K. (2022). Elaboration of micropropagation system of medic-
inal plant yacon (Smallanthus sonchifolius (Poepp.) H. Rob.). Acta Sci. Pol. Hortorum Cultus, 21(1), 131–141. https://doi.org/10.24326/
asphc.2022.1.11

to be the MS medium supplemented with 2 mg L–1 
kinetin, 1 mg L–1 IAA and also the medium with the 
addition of 5 mg L–1 BA and 1 mg L–1 IBA. On both 
media, the process of callogenesis, organogenesis and 
also shoot multiplication occurred. On the first medi-
um, the multiplication of small shoots was lower, but 
the formed shoots were ready for the rooting process, 
whereas on the second medium, the multiplication 
of small shoots was better. In the conducted experi-
ment, beside the shoots, on these media, proliferating 
explants were obtained, which further multiplied the 
best on MS medium supplemented with 1 mg L–1 TDZ 
and 1 mg L–1 NAA. For the first time, the presence of 
structures similar to PLBs was discovered in in vitro 
cultures of yacon.

Shoots designated for rooting should be placed on 
MS ½ or ¼ media, containing 20 mg L–1 sucrose and 
1 mg L–1 NAA, which showed 100% effectiveness of 
rhizogenesis.

Significance statement. Conducted studies showed 
that yacon is a plant with a great potential for multi-
plication in the tissue culture. For the first time, the 
presence of structures similar to PLBs was discovered 
in in vitro cultures of yacon. Obtained results are the 
basis for elaborating a technology to produce plant tis-
sue in bioreactors. Thus, there will be a possibility of 
the wider study and usage of the bioactive substances 
discovered in this plant, especially the anticarcinogen-
ic components.
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