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Aim. To determine optimal factors of impacting the tuberization intensity of the plants of mid-early potato
variety Nevska in vitro. Methods. Complex application of the laboratory, mathematical-statistical, calculativecomparative methods and systemic analysis. Results. The experimental data on the impact of photoperiod
and acidity of the culture medium (pH) on the tuberization induction in culture in vitro were presented. The
dependence of tuberization intensity on pH of the culture medium was demonstrated. Conclusions. Optimal
indices of tuberization intensity and economic efciency were obtained during in vitro cultivation of the plants
of mid-early Nevska variety at the photoperiod of 16 hours and pH of the culture medium of 5.3: tuberization
intensity was 83.0 %, the mass of the average microtuber was 612.5 mg, the mass of microtubers per one plant
was 514.4 mg, the number of microtubers with the mass over 350 mg – 75.4 % with the production protability
of 100 % and microtuber cost price of UAH 8.08 (USD 0.3).
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At present, the process of curing potatoes from
the viral infection has been worked out sufciently
which allows curing any variety. However, the issue of searching for optimal ways of reproducing the
cured plants and obtaining the sufcient amount of
high quality seeder material is yet to be solved. The
most qualitative results are received using the methods of accelerated reproduction of plants in vitro, due
to which it is possible to obtain several thousand using one plant within a short period of time. A great advantage of this method is the possibility of obtaining
enough seed material of newly-created or cured varieties quickly and thus ensuring their timely introduction into the plant growing system [1]. In practice, the
microclonal reproduction is performed via plant cuttings cultivation on a nutrient medium in a controlled
environment [2–4].
The microclonal reproduction of potato plants in vitro culture allows obtaining genetically homogeneous
seed material with a high coefcient of reproduction
(105–106), which is viruses – free due to the use of
meristem culture. It is also reducing the duration of the
multiplication process, accelerating the transfer from
plantlets to reproductive phase of development.
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The impact of different factors of morphogenesis
in vitro in many potato varieties has been intensively
studied [5–9]. The process of tuberization in vitro may
be regulated by a number of endo- and exogenous factors (excess of assimilants, hormonal state of plants,
temperature regime, photoperiod, light intensity, pH
and composition of culture medium) which is the basis
for obtaining high quality material in primary cultivation of potatoes.
It is known that a cell functions within a narrow
framework of concentration uctuations for hydrogen
ions. The value of pH impacts the structure and activity
of biological macromolecules, proteins-enzymes rst
and foremost, stability and assimilation of a number
of culture medium components, such as heteroauxin,
vitamins B1 and B6. The availability of different iron
compounds to tissues also depends on pH value.
The second, no less relevant factor, impacting the
obtaining of the high quality initial material in vitro
is lighting. The formation of chlorophyll and morphogenesis are impossible without it. Potato plants
are particular about light. When there is shortage of
light, there is some yellowing of leaves, plant stem
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is getting thinner and thus the mass of microtubers is
reduced [10].
Thus, the study of the interaction of such factors, relevant for tuberization induction, as pH of the culture
medium and lighting regime becomes urgent for the
purpose of process optimization and reduction of the
cost price of obtained microtubers.
The aim of the studies is to determine optimal factors of impacting the tuberization intensity of the plants
of mid-early potato variety Nevska in vitro.
METHODS OF STUDIES
To study the most efcient regime of tuberization in
culture in vitro for mid-early potato variety Nevska, an
experiment was conducted in conditions of microclonal laboratory. The study was conducted in terms of the
photoperiod (10 and 16 hours – control) and acidity of
the culture medium (4.3 – control; 4.8; 5.3).
The method of thermo-chemotherapy in combination
with the culture of apical meristem was used in vitro to
obtain initial potato plants, improved via the biotechnological method. The experiments were conducted by
common methods [11–13]. The economic efciency of
the production of improved initial material in culture in
vitro was estimated based on actual cost price of microtubers according to technological cards.
RESULTS OF INVESTIGATIONS
On the 20th and 40th days of observing the development of plants, the dependence of the height of plants

on the photoperiod in vitro was established. For instance, on the 20th day of the study the plants were 0.1
cm higher on average with 16 light hours compared
to 10 hours (Table 1). On the 40th day, this index was
44.4 % higher with longer light duration compared to
10 hours, amounting to 2.6 cm.
The number of internodes on days 20 and 40 of the
cultivation was higher for 16 h photoperiod, amounting
to 4.1 and 5.8 items on average respectively, compared
to 3.8 and 5.2 – in case of 10 light hours. Nevska variety potato belongs to mid-early varieties. Therefore,
only 5.1 % microtubers were formed on day 20 of the
cultivation with 16 light hours, with even a lower number for 10 hours – 3.6 %. On day 40 of the observations, the photoperiod had almost no impact on the tuberization: 12.1 % of plants formed microtubers with
16 hours and 11.1 % – with 10 light hours.
There was inconsiderable impact of pH of the culture
medium on the height of plants and number of internodes on days 20 and 40 of the cultivation. On day 20,
the height of plants was 4.0; 4.7 and 4.2 cm (pH 5.3;
4.3 and 4.8 respectively), and the number of internodes – 3.8; 4.1 and 3.9. On day 40 of the studies, the
height growth of plants was 2.1; 2.2 and 2.4 cm with
the number of internodes 5.3; 5.7 and 5.6 (pH 5.3; 4.3;
4.8), respectively.
The acidity of the culture medium impacts the intensity of tuberization. On day 20 of the cultivation it
was higher at pH=5.3, amounting to 5.6 % compared to
4.4 and 3.2 % at pH=4.3 and 4.8 respectively. On day

Table 1. The impact of acidity (pH) of the culture medium and photoperiod on growth, development, and tuberization of
Nevska variety potato plants in vitro
Day of cultivation

Photoperiod,
hours

10

16

38

20
pH
of the
% of plants
culture Height Number
which formed
of
intermedium
plants, nodes,
MicroStolons
cm
it.
tubers
4.8
4.3
5.3
4.8
4.3
5.3

4.3
4.6
3.8
4.0
4.7
4.1

3.9
3.9
3.6
3.9
4.3
4.0

94.5
96.6
97.0
98.2
94.6
91.8

4.5
3.4
3.0
1.8
5.4
8.2

40
Height
growth
of
plants,
cm
1.8
1.9
1.7
2.9
2.5
2.4

60

80

Number
% of plants which formed
of internodes,
Micro- Micro- MicroStolons
it.
tubers
tubers
tubers
5.3
5.3
5.0
5.9
6.1
5.5

82.6
92.2
91.8
92.3
88.0
83.5

17.4
7.8
8.2
7.7
12.0
16.5

33.5
11.7
23.7
20.5
30.8
34.7

69.4
44.9
64.7
60.5
60.7
83.4
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40, 2.5–2.7 % fewer microtubers were formed with the
decrease of pH level to 4.3.
When the photoperiod duration and acidity of the
culture medium were combined, the highest plants
(4.7 cm) were noted with 16 light hours and pH =
= 4.3 and the lowest (3.8 cm) – with 10 light hours and
pH = 5.3 on day 20 of the cultivation.
On day 40 of the study, the maximal height growth
was observed for 16 hours and pH = 4.8, amounting
to 2.9 cm, and the minimal – for 10 hours and pH =
= 5.3–1.7 cm. The number of internodes on days 20
and 40 was the highest for 16 photoperiod hours and
pH = 4.3–4.3 and 6.1, and the lowest – 3.6 and 5.0 – for
10 light hours and pH = 5.3 respectively.
The smallest amount of microtubers on days 20 and
40 of the cultivation was formed at 16 light hours and
pH = 4.8–1.8 and 7.7 %, and the highest amount on
day 20 – at 16 light hours and pH = 5.3–8.2 %, and day
40 – at 10 light hours and pH = 4.8–17.4 %.
On day 60 of the cultivation with photoperiod duration of 16 hours, regardless of the acidity of the culture medium, 28.7 % of microtubers were formed, and
at 10 hours – 23.0 %. The best indices of tuberization
were noted at the acidity of 5.3–29.2 % compared to
27.0 and 21.3 % at 4.8 and 4.3 respectively.
When photoperiod and acidity of the culture medium
were combined, more microtubers were formed at 16
light hours and pH = 5.3–34.7 %. The lowest index was
noted for 10 light hours and pH = 4.3–11.7 %.

On day 80 of the study the intensity of tuberization
increased considerably. For instance, it was 68.2 % on
average for 16 light hours compared to 59.7 % for 10
light hours (Table 2).
The duration of photoperiod impacted the formation
of the mass of an average microtuber and the yield of
microtubers with the mass over 350 mg considerably.
The correlation coefcients (r) were 0.716 + 0.221
and 0.720 + 0.219, respectively. The mass of an average microtuber at 16 light hours was 234.5 mg higher
compared to 10 light hours, amounting to 450.7 mg.
55.1 % of microtubers with the mass over 350 mg were
obtained at the photoperiod duration of 16 hours and
18.9 % – at 10 hours.
The photoperiod duration had average impact on the
mass of microtubers per plant, the correlation coefcient (r) was 0.549 ± 0.264. The mass of a microtuber
per 1 plant at the photoperiod of 16 hours was 320.0 mg
which is 175.5 mg higher compared to 10 hours.
There was an average correlation between the tuberization intensity, the mass of an average microtuber, the
mass of microtubers per one plant and pH of the culture
medium (r = 0.469 ± 0.279; 0.425 ± 0.286; 0.528 ±
± 0.269, respectively). The highest number of microtubers was formed at pH = 5.3–74.1 % compared
to 52.8 and 65.0 at pH = 4.3 and 4.8 respectively.
The best indices of the mass of an average microtuber was formed at pH = 5.3–439.2 mg compared to
262.7 and 298.5 mg at pH = 4.3 and 4.8 respectively.
The mass of microtubers per one plant is maximal at

Table 2. The performance of Nevska variety potato plants in culture in vitro depending on the acidity (pH) of the culture
medium and photoperiod duration
Yield
Number
of microtubers
of plants,
with the mass
which formed
over 350 mg, % microtubers, %

Photoperiod,
hours

pH of the
culture medium

Mass of
average
microtuber, mg

Mass of
microtuber per
1 plant, mg

10

4.8
4.3
5.3
4.8
4.3
5.3

181.4
201.4
265.8
415.7
324.0
612.5

129.4
105.8
198.3
254.5
191.0
514.4

11.6
17.9
27.3
52.2
37.9
75.4

69.4
44.9
64.7
60.9
60.7
83.4

Multiple correlation index

0.890

0.895

0.866

0.926

05, mg

49.6
30.5

58.8
23.3

16

A
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Number
of microtubers
per one plant,
it.
0.70
0.45
0.65
0.61
0.61
0.83
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The impact of photoperiod and acidity of the culture medium on the formation of microtubers of Nevska potato variety in
culture in vitro

pH = 5.3, amounting to 356.4 mg. With such acidity,
the yield of microtubers with the mass over 350 mg was
51.3 % compared to 27.9 and 31.9 % at pH = 4.3 and
4.8, respectively.
The impact of the interaction of investigated factors on the productivity indices was strong, the multiple correlation index was 0.890; 0.895; 0.866 and
0.926. At the interaction of pH of the culture medium
and photoperiod duration, the higher tuberization intensity was noted at pH = 5.3 and 16 light hours –
83.4 % and the lowest – 44.9 % at 10 light hours and
pH = 4.3. The best indices of the mass of an average
microtuber were obtained at 16 light hours and pH =
= 5.3–612,5 mg and the lowest – at 10 hours and
pH = 4.8–181.4 mg.
The mass of a microtuber per one plant was also the
highest at 16 light hours and pH = 5.3 – 514.4 mg and
the lowest – at 10 hours and pH = 4.3 – just 105.8 mg.
The highest yield of microtubers with the mass over
350 mg was at pH = 5.3 and 16 photoperiod hours –

5.4 %, and the lowest – at pH = 4.8 and 10 light
hours – 11.6 % (Figure).
While using 16 light hours, the cost price of one microtuber decreased by 13.8 % compared to 10 hours
(Table 3). Using pH of the culture medium of 5.3
while cultivating the plants in vitro, the cost price of a
microtuber was 8.7 and 29.7 % lower compared to pH
of 4.8 and 4.6, respectively, regardless of photoperiod
duration.
CONCLUSIONS
The maximal indices of Nevska variety potato plant
productivity in vitro were obtained at 16 photoperiod
hours and pH of the culture medium of 5.3: the intensity of tuberization – 83.0 %, the mass of an average
microtuber – 612.5 mg, the mass of microtubers per
one plant – 514.4 mg, the number of microtubers with
the mass over 350 mg – 75.4 %, the cost price of a
microtuber – UAH 8.08 at the protability of production of 100 %.

Table 3. The economic efciency of the cultivation of potato microtubers of the mid-early potato variety Nevska in the culture in vitro depending on photoperiod and acidity of the culture medium
Photoperiod,
hours
10

16

40

pH
of the culture
medium

Number of
microtubers per
one plant, it.

Expenses per
one plant,
UAH

Cost price,
UAH/microtuber

4.8
4.3
5.3
4.8
4.3
5.3

0.70
0.45
0.65
0.61
0.61
0.83

6.18
6.28
6.38
6.48
6.58
6.68

9.18
15.54
10.64
11.32
11.09
8.08

Operating prot
Protability,
or loss,
%
UAH/microtuber
6.82
0.46
5.36
4.68
4.90
7.90

79
14
62
50
48
100
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