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ABSTRACT.
The article presents a study of potato (Solanumtuberosum L.) cv. Nevskytuberization dynamics in an in vitro
culture. We examined the effect of day length, sucrose, kinetin and benzylaminopurine (BAP) on in
vitrotuberization of the potato cv. Nevsky. Hormone free Murashige and Skoog medium was employed. Plants
were cultivated on the medium with various sucrose concentrations (3, 5, 6 and 8%). Also, a combination of 8%
sucrose with phytohormones (kinetin (1; 1.75, 2.5 mg/l) and benzylaminopurine (1; 3; 5; 8 mg/l)) was used. Two
photoperiod types (a short day length (8/16 hours day/night, SD) and dark (0/24 hours day/night, D)) were used.
The tuberization dynamics was evaluated during the experiment. The photoperiod was crucial to the terms of the
beginning of tuber induction. Low hormone concentrations (Kinetin 1 mg/l, BAP 1 mg/l) and high sucrose
concentration (8%) induced early in vitro tuber formation under SD conditions. In contrast, under D conditions the
hormone concentration had no effect on the initiation time of tubers formation. The tuberization process delayed
with a BAP concentration increase (8 mg/l). Kinetin effect on tuberization depended on photoperiod to a greater
extent, unlike BAP effect, which was more dependent on the concentrations and varied from 60 to 80%.
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INTRODUCTION.
Micro-tubers are miniature potato tubers. They
exist as an intermediate stage between in vitro
micro-plants and mini-tubers. Micro-tubers are a
first tuber generation from tissue culture; they
are used to overcome problems occurring in
delicate in vitro plants storage and
transplantation from aseptic conditions to the
greenhouse or field. [1]. Potato tuberization is a
highly organized process regulated by combined
hormone and carbohydrate control [2]. The
potato in vivotuberization process consists of the
following stages: stolon formation and
elongation, tuberization induction, tuber
initiation and growth. All tuberization stages
proceed gradually. In some cases of tuber
formation both in vivo and in vitro cultures,
stolon formation and growth phase may not
occur. Tubers may arise directly from above-

ground stem buds and previously formed tubers.
All known phytohormones (auxins, gibberellins,
abscisic acid, cytokinins and ethylene)
participate
in
potato
tuberization.
Phytohormones are in dynamic equilibrium,
which is characterized by the high sensitivity to
external and internal chemical and physical
factors. High sucrose concentrations (6–8%)
stimulate the in vitro plant and tuber growth,
inducetuberization and increase microtuberdry
matter content. It has been found that light
morphogenetic effect on tuber formation can be
studied in an “in vitro” culture [3,4].
Phytohormone ratio in plants depends to a great
extent on the day length [5]. Garner and Blake
[6] studied in vitro tuberization in long-day
(16/8 h), short-day (8/16 h) photoperiods and in
complete darkness (0/24 h). The authors showed
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that the most intensive microtuber formation
occurs in the short-day photoperiod. In darkness
and especially in the long-day photoperiod,
tuber weight reduction occurred compared with
that in the short-day photoperiod. The optimal
conditions for the tuber induction occur when in
vitro plants are pre-incubated under long-day
photoperiod before tuber induction under
short-day photoperiod in order to provide a
favorable leaf and stem development level.
Since plant photosynthetic capacity is
significantly reduced in vitro, a sufficient
amount of carbohydrates is needed in the
growing medium for the tuber formation.
Sucrose is an indispensable energy source under
in vitro conditions and directly affects the tuber
formation process [7]. The osmotic pressure
generated by sucrose in the culture medium acts
as a signal for micro tuber induction and
growth [8,9]. When sucrose content increases,
changes in the expression of genes responding to
hormonal signals are detected, a large number of
genes are expressed, and the activity and ratio of
enzymes involved in starch synthesis also
change [10]. Starch biosynthesis and its
deposition as starch granules in amyloplasts
actively occur during tuber initiation and growth
[11].Potato tubers induction and growth are
regulated by phytohormones. It is generally
believed that cytokinins stimulate tuber
initiation and growth. Cytokinins stimulate cell
division, inhibit elongation, contribute to their
widening and enhance the attractive ability of
organs. They also act at early stages of tuber
initiation. Sufficient sucrose content is necessary
for the stimulatory effect of kinetin [11]. The
tubers formation was accelerated in isolated
potato stolon’s cultivated in vitro in darkness if
kinetin or benzylaminopurine (BAP) were added
into the medium [12]. Kinetin addition into the
culture medium increases the number of micro
tubers [13,14]. In contrast to kinetin, BAP
inhibits root formation, helps to accelerate the
tuberization process and increases the tubers
size [15]. Hormonal regulation of tubers
induction and growth can be reproduced in an in
vitro culture. There are two possible ways to
promote in vitrotuberization: (1) use of
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exogenous phytohormones, and (2) modification
of incubation conditions such as photoperiod,
lighting intensity, leading to a change in nodal
cuttings hormonal balance for the transition to in
vitrotuberization. In practice these two methods
are combined to improve tuber formation
efficiency [16].Suboptimal kinetin (5%) and
optimal (8%) sucrose concentration are
necessary to stimulate tuberization. Cytokininin
vitro stimulates tuber initiation, reduces their
formation time and increases the number of
micro tubers. Kinetin is necessary only during
the first 3–4 days of cultivation to accelerate
tubers initiation.The aim of our research was to
study the potato (Solanumtuberosum L.) cv.
Nevskytuberization dynamics in an in vitro
culture.
MATERIALS AND METHODS.
We
studied
in
vitro
potato
plants
(Solanumtuberosum L.) cv. Nevsky.In vitro
plants were micro propagated on Murashige and
Skoog (MS) culture medium [17], with addition
of Myo-Inositol (100 mg/l), thiamine (0.1 mg/l),
pyridoxine (0.5 mg/l), nicotinic acid (0.5 mg / L)
and sucrose (2%). Cultivation conditions were
as follows — temperature: +20–23 ºС,
photoperiod: 16/8 h, light intensity: 3000–5000
lx. When plants formed 5 and more internodes,
they were cut into single-node segments (with
one leaf) and transferred to a culture medium for
the tuberization.The tuberization medium was
prepared on the base of MS medium. The
sucrose and phytohormone content are shown in
table 1. Medium pH was 5.74. Autoclaving was
carried out at 1 atm during 35 minutes. Tubes
with a diameter of 1.5 cm were used. At the first
stage of the experiment, in order to increase
explants size, they were cultivated for 2 weeks
under 16/8 h photoperiod at a temperature of
+20–23 °C. After that, the explants were
incubated under short photoperiod conditions
(8/16 h light, SD) and in darkness (0/24 hours,
D). During the experiment, we evaluated the
tuberization dynamics. In each experiment 30
plants were examined; data were averaged and
standard errors were calculated.
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Table 1.Sucrose and phytohormone content of the tuberization medium
Sucrose, mg/L
3
5
6
8

8

Kinetin, mg/L
1
1.75
2.5
-

BAP, mg/L
1
3
5
8

Lighting conditions, temperature

8 (day) / 16 (night) h;
0 (day) / 24 (night) h;
+ 20–230С.

RESULTS AND DISCUSSION.
Sucrose concentration and photoperiod effect on in vitro tuber initiation
During the experiment, we evaluated the effect of sucrose concentration and photoperiod on
tuberization dynamics of in vitro culture of cv. Nevsky. The tuber formation process was observed
during 12 weeks. Observations were carried out weekly. The beginning of the tuber initiation and
growth were estimated. The productive plants abundance during the observation is shown in table 2.
Table 2.Tuberization dynamics of in vitro culture of cv. Nevsky depending on sucrose concentration and
photoperiod

Incubation, weeks
Sucrose concentration, %

Photoperiod, h 1 2 3 4 5

6

7

8

9

10 12

Productive plants abundance, %
3

5

6

8

8/16

0 0 0 0 0

0

0

0

25 25 25

0/24

0 0 0 0 0

5

5

5

5

8/16

0 0 0 0 0

0

0

0

30 30 30

0/24

0 0 0 0 0 10 20 20 25 25 25

8/16

0 0 0 0 0

0/24

0 0 0 0 0 30 30 30 30 30 30

8/16

0 0 0 0 0

0/24

0 0 0 0 0 25 25 35 45 45 45

0

0

0

0

0

0

5

5

25 25 25

5

10 25

The photoperiod was crucial for tuberization initiation of cv. Nevskyin vitro. In D conditions, first
micro tubers were obtained on the 6th week of incubation of potato explants. In SD conditions, the
tuberization started on the 9th week. According to [2], photoperiodic regulation induces tuberization
under SD conditions and inhibits this process under long-day conditions (LD). We found that tuber
initiation under D conditions starts 3 weeks earlier than under SD conditions. Tuberization stimulus at
low (3%) and suboptimal (5–6%) sucrose concentrations was formed nearly simultaneously depending
on photoperiod (Tab. 2). This fact indicates that the tuberization process is completely regulated by the
photoperiod. Sucrose is an energy and material source for the new cells formation and starch
accumulation. Sucrose concentration determined the relative number of productive plants. At optimal
sucrose concentrations (8%), tubers on productive plants were formed not simultaneously, but appeared
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gradually over 3–4 weeks. The tuberization initiation time was the same for plants growing at either low
or suboptimal sucrose concentrations. Interaction between sucrose osmotic pressure and day length
signals resulted in different ways of tuberization stimulus formation. Plants grown under SD conditions,
low (3%) and suboptimal (5–6%) sucrose concentrations formed tubers massively and intensively. At
the optimal sucrose concentration (8%), the induction (initiation) process occurred gradually with a
maximum in the 12th week. Plants cultivated under D conditions formed tubers gradually and
continuously. At low sucrose concentrations (3%), a small amount of productive plants was obtained.
Increasing sucrose concentration up to 8% induced a raise of the number of productive plants, but less
intensively. During the 9th week of cultivation of cv. Nevsky plants in vitro under SD and D conditions,
diverse non-differentiated tissues and organs (tubers, roots, etiolated shoots) grew on the nodal cuttings.
Also, plant growth was observed under SD conditions (Fig. 1).

(А)

(B)

th

Figure 1.Potato cv. Nevskyin vitro plants in the 9 week of cultivation in short-day conditions (A) and darkness
(B), on phytohormone-free medium (3; 5; 6; 8% sucrose concentration).

Kinetin and BAP effect on tubers initiation in an in vitro cultureUnder SD and D conditions, in
combination with the optimal (8%) sucrose concentration and different phytohormone concentrations
(kinetin, BAP), a marked exogenous hormone effect on the tubers initiation was detected. Cytokinins
are involved in tubers growth process, but are not direct tuber inducers. It is known that kinetin also
increases the number of tubers [13,14].
Fig. 2 and 3 show microtuberization dynamics in an in vitro culture. From these results it is clear that
the addition of exogenous phytohormones to the medium was crucial for the tuber induction process at
its earliest stages. In SD conditions, the tuber formation started at the 1st week of explants cultivation. In
D conditions, tuberization started a week later. Also, the data obtained show that the phytohormone
concentration changes had no significant effect on tubers induction. Kinetin addition to the growing
medium caused an early in vitrotuberization (Fig. 2).
When adding kinetin to the culture medium under an 8/16 h photoperiod, tuber formation proceeded
gradually with an increase of the explants number of formed tubers at the end of incubation. At the
same time, the tuberization process under D conditions was characterized by a considerable increase of
productive plants in the 4th week (50%) and a gradual increase of the number of productive plants by
the end of the incubation.
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Figure 2.Microtuberization dynamics of in vitro culture in kinetin containing medium (kinetin concentration: 1 –
1 mg/l, 2 – 1,75 mg/l, 3 – 2,5 mg/l; sucrose concentration: 4–8%). A – 8/16 h photoperiod; B – 0/24 h
photoperiod.

In BAP containing medium under SD conditions, the tuberization process developed gradually, in
contrast to the plants cultivated in D conditions (Fig. 3).
A

B

100
Productive plants,%

100

80

80

60

60

40

40

20

20

0

0

0

1

2

3

4

5

6

7

8

9 10

0

1

2

3

4

5

6

7

8

9

10

Figure 3.Microtuberization dynamics of in vitro culture in BAP containing medium (BAP concentration: 1 – 1
mg/l, 2 – 3 mg/l, 3 – 5 mg/l, 4 – 8 mg/l; sucrose concentration: 5 – 8%). A – 8/16 h photoperiod; B – 0/24 h
photoperiod.

Tuber formation process in D conditions proceeded intensively with a considerable increase in the 4th
week. More than 50% of plants formed tubers in the 5th week. Tuber initiation started later (from 1 to 2
weeks) after increasing BAP concentration. Most tubers formed in the 5th week.
Under D conditions, the tuber initiation started in the 4th week for all studied BAP concentrations.
CONCLUSIONS.
Our
results
showed
that
exogenous
phytohormones and exogenous sucrose have a
significant effect on the tuberization process in
vitro. The sucrose effect on the potato cv.
Nevskyin vitrotuberization was dependent on
the photoperiod.A marked difference in the
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tuberization regulation was detected in the
experiment
with
use
of
exogenous
phytohormones. Low hormone concentrations
(Kinetin 1 mg/l, BAP 1 mg/l) and high sucrose
concentration (8%) induced an early in vitro
tuber formation under SD conditions. In
contrast, under D conditions the hormones
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concentration had no effect on the start time of
tubers formation. The tuberization process
delayed after increasing BAP concentration (8
mg/l). Kinetin effect on tuberization depended
on the photoperiod to a greater extent, unlike
BAP effect, for which the number of productive
plants was more dependent on concentrations
and varied from 60 to 80% of the total number
of plants.
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