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Abstract. This paper presents the results of a study regarding the increasing in vitro tuberization of Solanum tuberosum L. cv.
Gersa (potato), valuable from the eco-sanogenous point of view, due to the high anthocyanin content, by adding sucrose (30, 60, 90 g/
1) in the solid Murashige-Skoog culture medium, without growth regulators. At 90 days of culture, the addition of 90 g/ | sucrose was
found to be the optimal stimulation in vitro tuberization process. In terms of morphological and anatomical feature, the newly-formed
tubers showed normal aspects specific to this type of vegetative organ. Stimulation method has proven to be a simple, no extra

additives ingredient in the base medium, cheap, namely bio-economic.
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INTRODUCTION

With the requirements of humanity beyond Earth's
natural resources and environmental damage
significantly affect food production; there is a need to
identify new ways to avoid looming economic collapse
[6-8].

Potato is an important food to economy, ranked in
the fifth place among worldwide cultivated species, the
fourth global harvest and production of proteins. The
tubers are rich in vitamins, minerals, proteins,
carbohydrates and iron [12, 14].

The overall needs of seed materials increase from
year to year, and the best method to produce it, both in
financial and the quality terms, is by using in vitro
culture [10, 11, 28- 30]. Modern methods of plant
biotechnology have to facilitate increasing the
productivity of agricultural crops, and agricultural
quality product [24]. In Romania, in vitro production of
potato for seed started in 1988, to the National Institute
of Research and Development for Potato and sugar
Beet Brasov [13].

Moreover, biotechnology focused on research
related to the bio-economy is one of the ways to
eradicate hunger. Other cheap and convenient method
for the increasing formation of microtubers in vitro was
identified by replacement the sucrose, from the culture
medium, with honey [23], or adding nanoparticles into
the medium [1-3, 9], or by illuminating the culture with
colored lights emitted by LEDs (Light Emitting
Diodes) [25]. Ziv and Shemesh [36] have developed
tuber from buds in subculture derived from the tuber
inducing medium with 23.2 pM kinetin, 5.19 pM
ancymidol and 8.6% sucrose. The number and size of
the tubers per group were higher on solid medium,
which was added over a second layer of liquid
medium. Also tuberization was increased at lots which
containers had maintained on intense agitation and
decreased at Dbioreactor cultures. The authors
emphasized the possibility of using cultures in
bioreactors, bud proliferation and stimulating the
development of tubers in liquid medium, in double
layer culture.
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Another bio-economic method [34] involved the
replacement agar-agar with Phytagel™ 2%, allowing in
vitro faster and higher tubers Solanum tuberosum L.
cv. Baraka, compared with Difco Bacto-agar. The
gelling agent also resulted in the stimulation of
tuberization in the dark. The authors reported that the
moisture did not influence growth and tubers
differences.

Other authors [27] tested the effects of jasmonic
acid (JA) on in vitro tuberization from nodal explants
of Sangre and Russet Burbank potato cultivars in the
liquid and solid medium with 0, 8-16 hours
photoperiod. The explants were obtained from plants
grown material medium supplemented with 2.5 uM JA.
The most obvious benefits of pre-treatment with JA
were observed at 16 h photoperiod conditions that are
known to inhibit the tubers.

The nature of the carbon source contained in the
culture medium and its concentration were studied over
time by researchers in the field [4, 5].

An explanation of potato in vitro tuberization was
given by studying the effect of potato in vitro sucrose
metabolism (cv. Kennebec) [33]. The plants were
grown in three different media: Murashige and Skoog
basal medium containing high concentrations of
nitrogen with 0 or 20 g 17 sucrose; or a modified
medium containing small amounts of nitrogen and 20 g
1" sucrose. Researchers show that the sucrose has
reduced quantities of the organic acid; both in leaves
and in roots when plants were given a large amount of
N [33]. Sucrose sustain phosphoenolpyruvate
carboxylase activity, increased protein synthesis.
Sucrose metabolism is involved in restoration of the
tricarboxylic acid cycle, with carbon skeletons required
to sustain phosphoenolpyruvate utilization during high
nitrate assimilation.

The aim of this study was to develop a biological
and economical method to stimulate in vitro potato
tuberization.

MATERIALS AND METHODS

Inoculs, provided from subculture, consisted in one
nod minicuttings of Solanum tuberosum L. cv. Gersa -
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Table 1 Experimental protocol

Culture medium

Culture conditions

Measurements time Measurements type

Vo | MS+30gl trol Stem no.
0 g/l sucrose (control) - fluorescent white of 1700 lux Stem L. (cm)
A\ MS + 60 g/l sucrose - 16h light/24 h photoperiod, 90 days Ramification no.
-21°C £ 2°C temperature Tubers no.
V2 MS+ 90 g/l sucrose Callus

Note: MS —Murashige-Skoog basal solid culture medium [22], without growth regulators; L. - length; no - number.

14381, a genotype received from Suceava Plant
Genetic Resource Bank (Romania), and the
experimental protocol is shown in Table 1.

Culture vessel consisted by colorless jars with 11 cm
height and 2 cm diameter, containing 5 ml of solid
medium.

Sections of fresh plant material were -created
manually using shaving blades in a transversal plan.
These were immediately analysed using an optical
microscope (Leitz brand, Webster M) and the most
representative images were taken with the adapted
Cannon digital camera. The macroscopic photos were
made with a Nikon 3100 digital camera.

RESULTS

At 90 days after inoculation, growth was similar in
all of the three tested variants, growth indices of in
vitro plants from culture media with the supplementary
sucrose, with differences either positive or negative,
compared to the control, but not statistically significant
(Table 2). The single and most imported difference,
comparing the control lot, was the significantly
increasing of the tuberization, by statistical point of
view (Table 2). In the lot with the 60 g / | sucrose
addition was reported the callus presence (Table 2).

Table 2. Statistical processing of the data measured in the in vitro
plants of potato (Solanum tuberosum L. cv. Gersa), in a 90
days on the following culture media: VO - MS culture
medium with sucrose 30 g/ 1, VI - MS culture medium,
sucrose 60 g /1, V2 - MS culture medium with sucrose
90g/1.

Vi-30 g/l sucrose — control lot

Statistical data X + Sx
Stem no. 1.23+0.43
Stem L. (cm) 10.25+4.84
Ramification no. 4.69+2.26
Tubers no. 0.03+0.12

V1-60 g/ sucrose
Statistical data X + Sx +d P
Stem no. 1.45+0.51 0.22 Ns
Stem L. (cm) 11.00+1.98 0.75 Ns
Ramification no. 4.32+1.64 -0.37 Ns
Tubers no. 0.82+0.59 0.79 Hokx
Callus ++

V,-90 g/l sucrose
Statistical data X + Sx +d P
Stem no. 1.44+0.73 0.21 Ns
Stem L. (cm) 11.00+1.32 0.75 Ns
Ramification no. 3.56%1.67 -1.14 Ns
Tubers no. 1.11+0.60 1.08 Hokx

Nota: X + Sx [average (cm) + standard deviation], +d [difference to control lot
(cm)], p (significance of difference to control lot): ns — no
significance difference, *** - very significant difference.
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From the morphological point of view, during the
in vitro period, have been regenerated stems, each
having one or more ramification (Fig. 1). At each node
was formed one leaflet with whole edge of foliar limb,
arranged alternate on the stem. From axillary buds was
formed stolons, which gradually thickened at distal
end, developing tubers. The tuberization which
appeared at 30 days at lot with 60 g / 1 sucrose
determined slowing plantlets growth, especially aerial
organs. At 90 days after inoculation, tuberization was
identified in all experimental lots with more intensively
to the addition of 90 g/l sucrose (suppose that the
sucrose reserve, at the lot with the addition of 60 g/l,
was exhausted after 60 day of culture). From the in
vitro regenerated tuber were both regenerated
adventitious roots and stems, which in turn showed
adventitious roots (Fig. 1). Stems and tubers were
covered with multicelular, uniseriate (unbranched),
tector trichomes (Fig. 2 and 3A).

The anatomy, in vitro new formed potato tubers
showed the characteristic structure of this vegetative
organ (Fig. 3B). Thus, from the outside to the inside,
we have identified phellem, a suberized layer, a
secondary tissue with protective role, as periderm

Figure 1. Aspects of potato (Solanum tuberosum L. cv. Gersa) tuber
in vitro regenerated on V, lot (a.r. —adventive roots; i —
internode; i.a.r. —adventive roots, new formed at inocul
base; 1 — leaflets; n — node; ram — ramification; t — tuber,
with adventive roots; s — stem new formed from inocul,
with adventive roots; t.s. — stem newly formed from tuber,
with adventive roots) (ruler mark 1 cm)
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Figure 2. Morphological detail of potato (Solanum tuberosum L. cv.
Gersa) tuber in vitro new formed on V, lot, with tector
hairs and stem newly developed from tuber (s- stem; t.h. —
tector hairs) (ruler mark 0.5 cm)

periderm

Parenchyma

d B = - 21 ; 34
Figure 3. Tector hairs on potato (Solanum tuberosum L. cv. Gersa)
tuber in vitro new formed on V, lot (A - 200X) and tuber

structure (B - 400X)

component. This tissue was composed from flattened
and death cells, radial arranged without intercellular
spaces, being the soft elastic tissue, less permeable.
Next layer, under periderm, was a cortical parenchyma,
as storage tissue, rich in starch grains (Fig. 3B), with
scarce and dissipated vascular tissue.

DISCUSSIONS

By increasing the sucrose content in the culture
medium, but supplemented with kinetin and
chlorocholine chloride (CCC), has been reported [26]
in tuber formation to in vitro cultured node explants of
Solanum tuberosum cv. Superior. The authors noted,
however, that the addition of growth regulators was not
essential for the formation of tubers, although smaller
tubers were formed in the free kinetin and CCC. Also
that chlorocholine chloride 200 mg/I or 90g/I sucrose in
the medium resulted in maximum tuber induction [20].

However, paradoxically, in high concentrations, K"
is not usefully to the development of in vitro tubers
once the induction took place [32]. The results were
discussed in the context of the possible effects of high
K" in preventing sucrose intake and metabolism.

According to other authors [16], some mutant
potatoes have complex change of development and
phenotypic characteristics that are typical for strong
induced tubers formation. These changes are likely to
be related to photosynthesis and carbohydrate
metabolism  rather than impaired gibberellin
transduction inhibitor. Moreover any axillary buds on
stems or tuber cuttings may form a tuber, provided that
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there is tuberization inducing conditions. Only cuttings
take from induced plant develop directly tuber,
regardless of the concentration of sucrose in the
medium [18].

Tubers was found to be under various types of
hormones control, including gibberellins, cytokinins,
abscisic acid, jasmonic acid and others, although,
evidences for the involvement of hormones remains
controversial [31]. In contrast, exogenous application
of gibberellins produced stolons elongation and tuber
formation was inhibited, while a decrease in the level
of gibberellin preceding first peaks visible signs of
stolon swelling [35]. In vitro potato tuberization
increased in hormone-free systems on solidified
medium, including the effects of environmental factors,
composition of medium, genotype and explants [15].

Romanian researchers have improved the method of
potato multiplication and tuberization stimulation by
adding phytohormones in the culture medium,
especially 2 mg/l or 2.5 mg/l BA and 0.05 mg/l NAA,
as well the addition of 60 g/l sucrose [37].

Other simple method for increased tuberization by
60 g/l sucrose addition was reported for ‘Hunde’ and
‘Ararsa’ potato varieties [17] and sucrose 60 g/l with
15 g/l BAP showed maximum number of tuber [21].
Culture medium Murashige Skoog with 6% sucrose
and 4 mg/L KIN combination of treatment was best for
in vitro tuberization of potato [19].

In conclusion, in our experiment addition of 90 g/l
sucrose in the culture medium without growth
regulators, stimulated in vitro tuberization without
morpho-anatomical changes of newly formed tubers.
The method is simple, cheap and convenient for the
user.
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