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 Induction of somaclonal variants in vitro needs a careful selection of explant 
and a definite hormonal interaction. This study contributed to show the effect of 
using explant and phytohormones on the new formation of somatic embryos and 
meristems in Solanum tuberosum L.. Organogenic callus neoformation was 
obtained from the stem and leaf explants of two varieties (Spunta and Kondor). 
Stem and leaves explants were cultivated on MS medium with 0.5 mg.l-1 BAP 
(6-benzyl aminopurine) and 0.2; 0.5; 1.5 and 2 mg.l-1 of 2.4-D (2,4-
dichlorophenoxyacetic acid). After seventy days of growth, the histological 
assessment of the callus showed that embryos were formed in 0.2 and 0.5 mg.l-1 
of 2.4-D for Kondor stems calluses; and of 1.5 and 2 mg.l-1 for Spunta stem and 
leaf calluses, whereas meristimatic buds induction, only the concentration of 1.5 
and 2 mg.l-1 of 2.4-D from Kondor and alone the medium of 0.5 mg.l-1 of 2.4-D 
for Spunta stem. Concerning the meristematic induction, only concentrations of 
1.5 and 2 mg.l-1 2.4-D favoured the meristematic neoformation of Kondor 
variety. However, in the variety Spunta, the medium 0.5 mg.l-1 of 2.4 D, induced 
a meristematic organogenesis of stems calluses. 
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INTRODUCTION 

 
Currently, the production of seed potato in Africa and particularly in Algeria is constantly altered by 

biotic and abiotic stress. The salinity of soil constitutes a permanent constraint, and nowadays, it affects 
most of land irrigated by brackish waters. The varietal improvement by the traditional methods remains 
long, expensive, delicate, and even impossible for some characters [12,1]. For this purpose, it will be 
interesting to improve using somaclonal variation in vitro, mainly somatic budding or embryogenesis of 
the callus.  

The regeneration of plants in vitro is getting more and more used in agricultural research. Somatic 
embryogenesis is a biological process that allows the production of an unlimited number of embryos 
from a cell or group of somatic cells [4]. The transition to the regeneration through the production of 
callus allows an increase of the variability, and can be followed by a rapid regeneration and high rates of 
multiplication [12]. However, it will be useful to know the morphology of tissue in order to distinguish 
between embryogenic and the meristematic cells. Embryonic tissues have a bipolar structure (axis stem 
and root). They have not a vascular connection with the underlying tissue and can be easily separated 
from it. The first leaves have the typical aspect of cotyledons [21]. Regarding the regeneration via 
budding, the meristem is directly formed with the callus. 

Jiménez [6] showed that hormones present a varied effect on the organogene expression, generally 
related to the type of explant chosen in the same species. The current study was aimed to study two 
varieties of potato (Solanum tuberosum L.): Spunta and Kondor, using explants of stems and leaves 
obtained in vitro culture. The purpose was to determine the concentration of hormone 2.4-D (2.4 
dichlorophenoxyacetic acid) in order, to induce the somaclonal variants by somatic embryos or 
organogenesis on callus, obtained from stems and leafs of both varieties. 
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MATERIALS AND METHODS 

 
Induction of Callus: 

The initial calluses were induced from internodes and leaves of two varieties, taken from vitroplants 
of four to five weeks of growth. The culture medium selected was codified MSC, based on MS [10] with 
vitamins of Morel and Wetmore [11] and, with 0.5 mg.l-1 BAP (6-benzyl aminopurine) and, 0.5 mg.l-1 of 
2.4-D. Explants were cultivated during 12 hours, at 25 ± 1°C with light intensity of 15000 Lux. 

 
Somatic Organogenesis of Callus: 

The induced calluses (aged four weeks) were subcultured in the media named MC1, MSC2, MSC3 
and MSC4, thirty explants per medium. There media consisted of MSC added to 1 mg.l-1 of BAP and 
respectively to 0.2; 0.5; 1.5 and 2 mg.l-1 of 2.4-D. After twenty days of culture, the calluses were put in 
the darkness. The formation of primary somatic embryos and somatic buds was confirmed by 
histological assessment. 

 
Histological Assessment: 

The histological sections were obtained using the traditional method, but with some modifications. 
The samples were put at room temperature for 24 hours, in the fixer Dubosq of Brazil [8]. Ten volumes 
of the condition solution (1g of picric acid and 150 ml of ethanol at 80°), were added to four volumes of 
formol at 35° and one volume of glacial acetic acid. Hence, the samples were deshydrated in ethanol at 
increasing concentrations (80°, 96° and 99.8°) for 40 mn. The long-term exposure of 24 hours to 
absolute ethanol is avoided to prevent hardening of the tissues which may cause difficulties in cutting. 
After that, each sample has undergone three successive baths in toluene during 20 mn. The passage in 
the paraffining was made without using the vacuum pump. This led to perform many tests in order to 
estimate the immersion time required for the paraffining. The purpose was to immerse the plant material 
into two successive baths of paraffin at 65°C; paraffin 1for 24 hours, paraffin 2 for 48 hours. After 
custing, the samples, sections of 7 microns thick were made using a microtome. The dewaxing was done 
though  three successive baths in toluene during 10 mn for each sample, followed by rehydration with 
ethanol in decreasing degrees; 99.8° during 5 mn respectively, 90° during 5 mn, and 75° during 10 mn. 
Afterward, a mordanting is made later, with iron alum for 3% for 10 mn. The sections were coloured 
with the blue of toluidine. A technique was performed aiming the preservation of the sections. It 
consisted of mounting using Canada balsam, after rapid dehydration of the tissues coloured, by ethanol 
of 99.8°. 

 
Results: 

Somatic embryos of stems and leaves callus of Spunta variety and only stem callus of Kondor 
variety were observed under a binocular (Figure.1 and Table 1). This induction time depended mainly on 
the type of explant used. For Spunta varieties, embryos were formed on the culture media: MSC3 and 
MSC4. So, for Kondor varieties, MSC1 and MSC2 media cultures were most appropriates (Table 1).  

The histological study showed the formation of new somatic embryos from the different stages of 
primary development. These observations have been noticed by Jürgens [7]; Weijers and Jürgens [19]: 
by the formation of globular embryos or primary somatic embryos begins with the formation of a single 
cell forming the apical-basal axis, then the proembryos, leading to the globular embryo. 

In our study, the formation of somatic embryos begins with the neoformation of clusters cells. These 
were linked to callus by filamentous extremity typical to globular embryo (Figure 1d and 1e). 

In embryogenic callus, a small proportion of cells divided to give rise to an organogenesis (figure 
1a, 1b and 1c). Furthermore, the majority of these cells are located on the surface of the explant or in 
contact with the nutrient medium, as was already observed by Evans et al [3]. It should be noticed that 
MSC media allows the induction of two forms of orgnogenic regeneration for both types of explants of 
Kondor: 

1 - Induction of adventitious organs on callus (Figure.2c);  
2 - Proliferation of adventitious organs directly on the explant in the development phase of the 

callus [17] (Figure.2f).  
Table 2 summarizes the results in the initiation of meristematic callus. The organogenic mediums 

differ and depend on the variety. The variety Kondor was able to regenerate through the formation of 
somatic meristem in MSC, MSC3 and MSC4 medias on stem callus, and in all media tested on leaf 
callus. For Spunta variety, only stem calluses were able to induce meristem on MSC medias after 65 
days of the cultivation (figure.2b), while respecting the cultivation factors described above. Figures 1 
and 2 present the macroscopic and the histological assessments of callus.  
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This study showed the good evolution of cell clusters forming the meristem for the variety Kondor 
after 60 days of cultivation. These clusters cells appeared in small cells sharply different from nearby 
cells, with an intense tint of the whole cell with the blue of toluidine. Subsequently, there has been a 
development of secondary meristems. Figure 2a shows the bluish coloration of these secondary 
structures. They look like a formation of primordia (the first leaves), as well as the apical meristem. 

 
Table 1: Results of induction of somatic embryos in Spunta and Kondor varieties, for stem and leaf explants. 

Culture 
mediums 

KONDOR  SPUNTA 
stem  Stem Leaf 
Induction 
time 
(days) 

Percentage 
(%) 

 
 

Induction 
time 
(days) 

Percentage 
(%) 

Induction 
time 
(days) 

Percentage 
(%) 

MSC 
MSC1 
MSC2 
MSC3 
MSC4 

- 
40 
30 
- 
- 

- 
67 
73 
- 
- 
 

- 
- 
- 
50 
40 

- 
- 
- 
70 
77 

- 
- 
- 
35 
35 

- 
- 
- 
17 
20 

 
Table 2: Results of induction of somatic meristems in Spunta and Kondor varieties. 

 
Culture 

mediums 

KONDOR  SPUNTA 
stem Leaf  Stem 
Induction 

time 
(days) 

Percentage 
(%) 

Induction 
time 
(days) 

Percenta
ge 

(%) 

 
 

Induction 
time 
(days) 

Pourcentage 
(%) 

MSC 
MSC1 
MSC2 
MSC3 
MSC4 

60 
- 
- 
35 
40 

75 
- 
- 
17 
10 

65 
75 
60 
60 
53 

44 
10 
10 
17 
20 

65 
- 
- 
- 
- 

34 
- 
- 
- 
- 

 

 
 
Fig. 1: Somatic embryo formation (ES) on callus stem and leaf of Spunta and Kondor (Solanum tuberosum). a: ES stem 

callus Spunta in MSC4; b: ES leaf callus Spunta in MSC1; c : ES stem callus in MSC1; d: Histological section 
of primary embryo (E 
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Fig. 2: Formation of somatic meristem (MS) on stem and leaves callus of Spunta and Kondor varieties 
(S tuberosum). a: histological section of MS on Kondor rod callus in MSC1; b: MS on Kondor 
leafs callus in MSC1; c: MS on Kondor stem callus in MSC2; d: primary meristem (MP) on 
Kondor leafs callus on MSC3; e: globular callus of Spunta stems in MSC1; f: development of 
MS in Kondor stems on MSC.

 

 
Discussion: 

The potato (Solanum tuberosum L.) is regularly reproduced asexually, which ensures the stability of 
varietal characteristics through the generations. The tubers however, are infected by viruses leading to 
significant losses in yields. The multiplication in vitro allows purifying and performing cloning with a 
high vegetative multiplication. 

Several studies have underlined the cultural techniques and the hormones needed to induce 
organogenesis or embryogenesis. Unfortunately, no data are available about comparative studies 
between the two techniques using the same hormones. It should be noticed that few studies have shown 
the impact of varietal character on the choice of the explant with the mode of regeneration in vitro using 
the same hormones. 

The results showed the influence of varietal factor on the concentration of 2.4-D hormone; either a 
somatic embryogenesis or a somatic organogenesis at Solanum tuberosum L. Comparison of the ability 
of organogenic of different type of explants growth showed that the stems are able to regenerate itself 
compared to leaf explants. 

However, the organogenic and embryogenic abilities on callus vary according to the nature and/or 
the concentration of phytohormones used. It should be mentioned that the success of experimental 
applications depends significantly on respect of cultivation factors, particularly the photoperiod, the 
temperature and the luminous intensity used.  

Litz and Gray [9] explained that the Solanaceae presents a recalcitrant potential for somatic 
embryogenesis. Current studies, however, showed controversial results, using the appropriate hormone 
concentrations as it was reported by De Garcia and Martinez [2], Seabrook and Douglass [13], Jayasree 
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et al, Vargas et al. and finally Sharma and Millam [14]. That’s perfectly concords with the results 
obtained in our study. 

Sharma and Millam [14] and Sharma et al. [15] used the hormone 2.4-D at a concentration of 5 
mg.l-1 for somatic embryos induction from the internodes for Desirée variety, during two weeks. The 
concentration used of this hormone is exceeding that used in our study: 2.5 mg.l-1. This can be explained 
by the addition of auxin (BAP) which allowed the formation of somatic embryo with a longer time 
estimated at forty days. This association is reminiscent of a synergistic effect and/or complementary to 
auxins and cytokinins on: callogenesis in general, organogenesis and embryogenesis, particularly in the 
two studied varieties. 

The research’s carried out on S.tuberosum led to a direct organogenesis on the explant. For Yaya-
Lancheros and Chaparro-Giraldo [20] they induced somatic buds directly on stem explants of the variety 
Diacol Capiro. 

In our work, it has been shown that the explant stem was more favourable to the regeneration in 
vitro than the leaf. In S.tuberosum, the varietal factor (genotype) influences significantly the callus 
organogenesis expression (2008). The variety Spunta has more ability to the formation of somatic 
embryos. Using the tested culture media, the variety Kondor makes growing faster the somatic 
meristems. It is evident that variety is the determining factor for not to say limiting to obtaining the 
desired results. This allows us to say that for the same species of S.tuberosum, it is not sufficient to 
respect the concentration of hormones used, but, we should consider the choice of variety (broad 
genotypic variability). 
 
Conclusion: 

This study allowed the application of some methods used in regeneration of potato through somatic 
embryogenesis and bud meristem. Although micropropagation is well controlled, the regeneration in this 
species still has difficulties affecting the somatic embryogenesis or organogenesis on callus. 

The callogenesis was not affected by the nature of the phytohormones used, but rather by their 
concentration in the culture media. On the other hand, the induction and proliferation of somatic 
embryos and somatic buds on callus were strongly influenced by the nature and the concentration of 
phytohormones used, and also by the cultivation factors. 

The expression shown by the hormonal combination BAP/2.4-D was also influenced by the 
genotype factor. However the concentration variability of 2.4-D for both varieties was not important 
related to the frequency of somatic embryogenesis or organogenesis. 

Hence, we can state that the somatic embryogenesis seems to be the more reproducible and efficient 
regeneration of somaclonal variants in potato, since it ensures continuously a high level of 
multiplication for healthy, juvenile and homogeneous. 

This morphological potential should facilitate access to new technologies, including somaclonal 
variation tolerant to some stress. 
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