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FORMATION OF POTATO MICROTUBERS IN VITRO
DEPENDING ON TEMPERATURE AND LIGHT INTENSITY
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Aim. To specify optimal techniques influencing the increase of intensity of potato tuber formation in meristem
culture in vitro. Methods. Integrated use of laboratory, mathematical and statistical, calculation and compari-
son methods and the method of systematic analysis. Results. The paper represents experimental data about the
influence of temperature and light intensity on the induction of tuber formation under microclonal reproduction
of the health-improved initial material. It proves that the decisive factor in the process of morphogenesis of
plants in vitro of the early maturing potato variety Kobza and their productivity is temperature conditions for
cultivation. Conclusions. Optimal indexes of productivity and economic efficiency are maintained by grow-
ing test-tube plants under the temperature of cultivation of 14—16 °C and the light intensity of 3,000 lux. The
number of microtubers per plant was 1.2 pieces, the weight of an average microtuber was 262,0 mg, the weight
of microtubers per plant was 363,7 mg, the number of microtubers weighing more than 350,0 mg was 20,9 %;
the cost price of microtubers was 5,31 UAH with the profitability of 201 %.
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INTRODUCTION

A recent decade has been remarkable for intense
development of various biotechnologies, the most rel-
evant one being the elaboration of efficient measures
to fight viral diseases in potato growing [1-3]. In par-
ticular, the techniques of health-improving potatoes us-
ing meristem culture have been developed; productive
ways of cultivation and clonal microreproduction of
plants as well as highly sensitive immunological [4—6]
and PCR-methods of virus diagnostics are widely used.
There is active search for the ways of creating virus-
resistant varieties using gene engineering [7], cell and
tissue technologies [8, 9].

The specificity of modern potato cultivation is the
restoration of elite varieties using the initial material,
health-improved via the methods of active treatment of
infected potato varieties, including thermotherapy and
the culture of meristem tissue in combination with mi-
croclonal reproduction, which should ensure obtaining
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the initial material of potatoes, free from diseases and
in the volume, sufficient for the needs of primary units
of seed production.

The changes in the environmental factors during the
in vitro cultivation of plants in the controlled condi-
tions in artificial media may be used to regulate the or-
ganogenesis process, in particular, to induce the tuber
formation. This process is affected by variety speci-
ficities of plants: in most varieties (95 %) microtubers
are formed within 55-60 days, in others, it takes more
time. This process may be accelerated using optimal
interaction of the main stimulating factors: the content
of carbohydrates and biologically active substances in
the medium, the values of photoperiod and tempera-
ture, etc. [10-12].

At the initial stages of usage, the seed material,
health-improved using the biotechnology methods,
is notable for better quality, as during its production
the synthesis of the viral protein in plants is delayed
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and, as a result, the tempo of viral infection accumu-
lation is slowed down. At the same time, taking into
consideration considerable cost of the seed material,
obtained in vitro, the improvement of microreproduc-
tion of the health-improved material is of special rele-
vance. Light intensity and temperature are considered
some of the most important factors while growing mi-
crotubers in vitro.

The aim of this work was to determine optimal tech-
nological ways, affecting the increase in the intensity
of potato tuber formation in meristem culture in vitro.

MATERIALS AND METHODS

The experiment, using common methods [11-13],
was conducted in conditions of microclonal labora-
tory to identify the most optimal mode of tuber for-
mation in the culture in vitro for Kobza potato variety.
Two factors were studied: temperature mode (14—16,
20-22, 24-26 °C) and light intensity (500, 1500,
2000, 3000 lux).

RESULTS AND DISCUSSION

The analysis of the data obtained about the tempera-
ture mode testified to direct dependence of the in vitro
plant height on temperature. For instance, on day 20 of

the observations, this index at the temperature of 24—
26 °C was 2.7 cm higher on average compared to the
temperature of 14—16 °C, and 0.5 cm higher compared
to the temperature of 20—22 °C (Table 1). On day 40
of the observations this dependence was the same
and the difference was 3.8 and 1.5 cm, respectively.
Here the plants in vitro, grown at light intensity of
1,500 lux, were 9.4 % taller than those at light intensity
of 500 lux, and 26.0 and 22.8 % higher compared to
light intensity of 2,000 and 3,000 lux.

The increase in the cultivation temperature led to the
inhibition of the process of stolon formation by plants.
On day 20 of the observations, the number of plants
which formed stolons at the temperature of 24-26 °C
was on average 30.2 and 21.4 relative per cent less
compared to the temperature of 14—16 and 2022 °C,
respectively. On day 20 of the observations, the micro-
tubers were formed in 7.3, 8.7 and 2.0 % of plants at
the cultivation temperature of 14—16, 20—22 and 24—
26 °C, respectively. On day 40 of the observations, the
highest average number of stolons was obtained at the
temperature of 24-26 °C (63.6 %), and that of micro-
tubers — at 14—16 °C (69.5 %).

The correlation dependence between the total num-
ber of microtubers, formed by plants in vitro, the yield

Table 1. The impact of temperature and light intensity on the growth and development of the plants of the early maturing

variety Kobza in culture in vitro

Day of cultivation
Light 20 40 60 80
T, °C in.ten- Height % of plants which | pejght % of plants which | % of plants which
sity, of Number formed of Number formed formed
lux plants of inter- - plants of inter- - - -
> | nodes micro- > | nodes micro- | micro- | micro-
¢m stolons tubers cm stolons tubers | tubers | tubers
14-16 500 1.4 1.3 82.5 11.1 2.0 1.8 11.1 87.9 96.9 100.0
1500 1.5 1.4 87.0 4.9 2.2 1.9 21.5 78.5 91.5 100.0
2000 1.8 1.7 81.5 7.7 3.7 3.2 36.4 57.3 90.0 100.0
3000 1.5 1.3 82.9 53 34 2.5 45.1 54.2 87.8 99.6
20-22 500 3.6 3.1 72.3 9.4 43 3.9 32.6 54.7 70.8 84.8
1500 3.8 3.3 79.5 5.9 4.6 4.1 44 .4 48.0 69.8 91.7
2000 39 34 73.4 11.8 5.7 4.8 40.7 50.8 77.8 96.9
3000 3.7 33 73.4 7.6 5.9 5.4 58.4 324 63.2 89.8
24-26 500 4.4 3.4 49.6 2.6 6.4 5.3 60.1 12.4 26.9 53.2
1500 4.4 4.2 48.4 2.0 7.1 5.9 62.3 10.5 34.6 62.3
2000 4.2 4.0 59.2 1.2 6.6 5.7 66.9 11.7 38.6 62.7
3000 4.1 3.8 56.0 2.1 6.3 5.5 64.9 12.1 43.7 69.4
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of microtubers with the weight of over 350 mg and the
interaction of the investigated factors is significant (R
= 0.878 and 0.895). A significant reverse dual interre-
lation between the temperature of cultivation and the
productivity of the plant in vitro was observed: the
number and weight of formed microtubers and the
weight of the average microtuber. The dual coefficients
of the correlation are, respectively, » = —0.895 £ 0.141;
—0.895 +0.141; —0.801 + 0.189.

The average reverse correlation dependence was
observed between the temperature conditions and the
yield of microtubers with the weight over 350 mg
(r =-0.673 £ 0.234). On day 60 of the observations,
most microtubers were formed by the plants at the tem-
perature of 14—16 °C — 91.6 % from their total amount,
at 2022 °C — 70.4 %, at 24—26 °C — only 36.0 %,
and on day 80, according to the mentioned temperature
modes this index was 99.9, 90.8 and 61.9 %.

On day 20 of the cultivation, the light intensity prac-
tically did not affect the induction of tuber formation:
only 4.3—7.7 % of plants in vitro formed the microtu-
bers. During the mentioned period this factor did not
affect the number of plants which formed the stolons
either. On day 40 of the observations, most plants

(51.7 %) which formed the microtubers, were on aver-
age at light intensity of 500 lux. On day 60 of the ob-
servations, the number of such plants at the light modes
of 500, 1,500, 2,000 and 3,000 lux was 64.9, 65.3, 68.8
and 64.9 % on average respectively.

On day 80 of growing plants, the ratio of microtubers,
formed by them was almost even for all the experiment
variants except for the variants with light intensity of
500 lux. The mentioned index at the light intensity of
1,500-3,000 lux was 84.7-86.5 % and at 500 lux —
79.3 %, that is the light intensity practically did not af-
fect the formation of microtubers by the in vitro plants
of the early maturing variety Kobza.

As for the interaction of the affecting factors of tem-
perature and light intensity, it was determined that the
highest number of plants with microtubers were formed
on day 80 of the cultivation at the temperature of 14—16
°C and light intensity of 500—3000 lux — 99.6—100 %.
The multiple correlation index was R = 0.878. The in-
teraction of the temperature of cultivation and light in-
tensity had great effect on the productivity of plants in
vitro (Table 2).

The weight of the average microtuber and the weight
of microtubers per plant were maximal at the tem-

Table 2. The productivity of the plants of the early maturing potato variety Kobza in the culture in vitro depending

on temperature and light intensity

. Yield of
T, °C Light intensity, Weight ofa mﬁiﬁﬁ;gf& microtu.bers with of rIr:Iil(l:Irr;?Elr)ers
Tux microtuber, mg m/plant the weight over per one plant
350 mg, %
14-16 500 163.8 224.6 6.8 1.2
1500 210.9 266.4 15.8 1.2
2000 263.8 369.1 243 1.1
3000 262.0 363.7 20.9 1.2
20-22 500 95.0 82.3 0.4 0.9
1500 138.8 143.0 6.0 1.1
2000 140.7 154.1 6.2 1.1
3000 174.0 186.1 11.4 0.9
24-26 500 60.5 42.8 0.0 0.6
1500 128.9 81.4 6.8 0.6
2000 132.1 82.4 7.2 0.6
3000 132.2 119.1 9.4 0.8
Multiple correlation index (R) 0.951 0.971 0.895 0.878
HIPs for temperature factor 14.6 8.6 — —
HIP,; for light intensity factor 12.1 13.9 - -
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perature of 14—16 °C and light intensity of 2,000 and
3,000 lux and were 263.8, 369.1 and 262.0, 363.7 mg,
respectively. Also the highest yield of microtubers
with the weight of 350 mg and higher was observed
in these variants — 24.3 and 20.9 %. The correlation
dependence between the weight of the average mi-
crotuber, the weight of microtubers per plant and the
investigated factors was very close: R = 0.951 and
0.971, respectively.

When the temperature of cultivation is increased,
there comes an additional factor of the compensatory
effect of light intensity on the productivity indices of
the plants in vitro: the total weight of microtubers per
plant (r=0.377 £ 0.293), the average weight of a micro-
tuber (» = 0.512 £ 0.272) and the yield of microtubers
with the weight of over 350 mg (= 0.590 = 0.255). At
the temperature of 20—22 C the productivity of plants
was lower than at the temperature of 14—16 °C. The
lack of productivity is compensated at the highest level
of light intensity — 3,000 lux: the weight of an average
microtuber is increased by 83.2 %, and the weight of
microtubers per one plant — 1.3-fold compared to the
light intensity of 500 lux. At the temperature of 24—
26 °C the highest productivity was obtained at the light
intensity of 3,000 lux.

The regression analysis of the obtained data allowed
building linear mathematical models of the dependence
of the productivity of the plants of the early maturing

variety Kobza in the culture in vitro on the interaction
of the cultivation temperature and light intensity.

The equations of the regression of the dependence:

the weight of the average microtuber in vitro (Y)
on the temperature (X,) and light intensity (X)) —
Y=321.4-11.45X +0.0334X;

the weight of microtubers per one plant (Y) on
the temperature (X)) and light intensity (X)) —
Y =541.16 - 22.85X, + 0.0439X;

the yield of microtubers with the weight over 350 mg
(Y) on the temperature (X)) and light intensity (X)) —
Y'=24.0-1.17X, + 0.00466.X,.

It was determined that the decisive factor in the mor-
phogenesis process of plants in vitro of the early ma-
turing potato variety Kobza and the formation of their
productivity is the temperature mode of cultivation, as
light intensity is of much lesser effect. The maximal in-
dices of plant productivity in vitro were obtained using
the temperature mode of 14—16 °C and light intensity
0f2,000-3,000 lux.

At the temperature of cultivation of 14—16 °C the cost
of one production unit was UAH 5.21, and the increase
in temperature to 20—22 and 24—26 °C caused the 1.2-
fold and 1.9-fold increase in the cost price of a microtu-
ber and the decrease in economic efficiency by 54 and
147 %, respectively (Table 3).

Table 3. The economic efficiency of the cultivation of potato microtubers of the early maturing potato variety Kobza in the
culture in vitro depending on temperature and light intensity

. Operatin

T, °C Light intensity, Hﬁiﬁ?ﬁi:rfs Ezizn;f; IIE . COStAI)gfe’ IjI;roﬁt, y Ecc?nomic

hux per one plant UAH microtuber .UAH/ efficiency, %
microtuber

14-16 500 1.2 5.92 4.93 11.07 224
1500 1.2 6.01 5.01 10.99 219
2000 1.1 6.15 5.59 10.41 186
3000 1.2 6.37 5.31 10.69 201

20-22 500 0.9 5.97 6.63 9.37 141
1500 1.1 6.28 5.71 10.29 180
2000 1.1 6.41 5.83 10.17 174
3000 0.9 6.55 7.28 8.72 121

24-26 500 0.6 6.11 10.18 5.82 57
1500 0.6 6.43 10.72 5.28 49
2000 0.6 6.62 11.03 4.97 45
3000 0.8 6.70 8.38 7.62 91
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Light intensity does not have a considerable effect on
economic indices. The lowest cost price of the micro-
tuber and the maximal economic efficiency of the pro-
duction were achieved at the temperature of cultivation
of 14—16 °C and light intensity of 500 lux: UAH 4.93
and 224 %, respectively.

CONCLUSIONS

In conditions of dry southern climate, it is important
to select microtubers with the highest weight, which
will allow obtaining the maximal amount of health-im-
proved potato minitubers and promote the increase in
the yield of prebasic and basic seeds. While determin-
ing the optimal elements of the cultivation technology
for the microtubers of the early maturing potato variety
Kobza in the culture in vitro, it was defined that the
cultivation of test-tube plants at the temperature mode
of 14—16 °C and light intensity of 3,000 lux ensured
better indices of productivity and economic efficiency.
Here the number of microtubers per one plant was 1.2
it., the weight of the average microtuber — 262.0 mg,
the weight of microtubers per one plant — 363.7 mg,
the number of microtubers with the weight over
350.0 mg — 20.9 %; the cost price of a microtuber —
UAH 5.31 with the economic efficiency of 201 %.

®opmMyBaHHSA MIKpo0YJI60 KapTOMIi B KyJbTYpi
in vitro 3aJ1e’KHO BiJ TemMnepaTypu
Ta iIHTEeHCMBHOCTI OCBIT/IeHOCTI

10. O. JlaBpunenko, P. A. Boxerosa,
I'. C. banamoga, O. I. Korora, b. C. Koros

e-mail: lavrin52@mail.ru

TactutyT 3ponryBanoro 3emnepooctea HAAH
Cen. Hagyinpsineske, XepcoH, Ykpaina, 73483

Meta. BusHauuTy ONTUMANIbHI TEXHOJIOTTYHI PUHOMH, 110
BIUIMBAIOTh HA IMIJABHIICHHS IHTCHCUBHOCTI Oynb00yTBO-
PEHHSI KapToILIi B KYJIBTYpl MepuCTeM in vitro. Metoau.
KomriekcHe BHKOpPHCTaHHS J1a00OpaTOpHOTO, MaTeMaTHKO-
CTaTUCTUYHOIO, PO3PaxXyHKOBO-IIOPIBHSJIBHOTO METOIB Ta
cucreMHoro aHainizy. Pesyasrarn. HaBeneHo ekcriepimMeH-
TaJbHI JaHl 100 BIUIMBY TEMIIEPAaTypH Ta IHTEHCHBHOCTI
OCBITJICHOCTI Ha IHAYKIIO OyITb00yTBOPCHHS 3a MIKpO-
KJIOHAJILHOTO PO3MHOKEHHS 03/I0POBJICHOTO BHXIJTHOTO Ma-
Tepiany. BeraHoBneHo, 1110 BUpiMIaIbHUM (aKTOPOM Y TPO-
1eci MopgoreHesy pOCIHH in Vitro PaHHbOCTHUIJIOTO COp-
Ty kapromii Ko0G3a Ta ¢opmyBaHHI iX NPOIYKTHBHOCTI €
TEMIIepaTypHi YMOBM KyJIbTHBYBaHHS. BucHoBkH. Onrh-
MaJIbHI MTOKa3HUKH MPOJYKTHBHOCTI Ta EKOHOMIYHOI edek-
THUBHOCTI 3a0e3Iedye BHPOIIYBaHHS NMPOOIPKOBUX POCINH
3a TeMmmeparypu KyinsTuByBaHHS 14—16 °C Ta iHTEeHCHB-
HOCTi ocBiTneHocti 3000 nk. IIpu 1POMY KUTBKICTH MiK-
poOynb0 Ha OIHY pOCIMHY CTaHOBHTH 1,2 mT., Maca ce-
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penHbOi MikpoOymsou — 262,0 Mmr, maca MikpoOyms0 Ha
omHy pociuHy — 363,7 MI, KiTbKicTE MIKpoOyTp0 Macoro
noHax 350,0 mr — 20,9 %; cobiBapricTe MiKpoOymbOH —
5,31 rpu npu penradensHOCTI 201 %.

Korouogi citoBa: xaproris, MikpoOyiib0H, TemMreparyp-HUi
PEKHUM, IHTEHCUBHICTb OCBITIICHHS, i1l Vilro.

®opMupOBaHHEe MUKPOKIYOHell kapTodens
in vitro B 3aBHCHMOCTH OT TeMIepaTypsbl
U UHTEHCHBHOCTH OCBeIleHHsI

10. A. JlaBpunenko, P. A. Boxerosa,
I'. C. banamoga, E. 1. Koroga, b. C. Koros

e-mail: lavrin52@mail.ru

WuctutyT opomaemoro 3emuenenust HAAH
[oc. Hannuenpsauckuii, XepcoH, Ykpauna, 73483

Heﬂb. Ol'[pe}:[eJ'II/ITI) ONTUMAJIBHBIC TEXHOJIOTHUYCCKUEC TIPHUC-
MBI, BIUSIOIINE Ha IOBBIIICHUE WHTEHCUBHOCTH KIIyOHe-
oOpazoBaHMsl KapTodelst B KyJIbTYpe MEpUCTEM in Vitro.
Metonpl. KomiuiekcHoe wncmonb3oBaHKHEe J1abOpaToOpHOTO,
MaTeMaTHKO-CTaTUCTUYECKOTO, PAacYeTHO-CPABHUTEIHLHOTO
METO/IOB M cuUcTeMHOro anainusa. Pesyabrarsl. [Ipusene-
HbI SKCTICPUMCHTAJILHBIC JTaHHBIC IO BJIUAHUIO TEMIICpATy-
pPBl ¥ MHTEHCHBHOCTH OCBEIICHHS Ha WHIYKIUIO KITyOHe-
00pa3oBaHMs NPU MUKPOKJIOHAIEHOM Pa3MHOKEHUH 03710-
POBJIEHHOTO MCXOJHOTO Marepuayia. YCTaHOBJIEHO, YTO pe-
mamMM (akTopoM B Ipouecce MOpdoreHesa pacTeHUH
in vitro panHecnenoro copra kaptodens Kobza u ¢op-
MHUPOBAHHHU MX ITPOYKTHBHOCTH SIBISIFOTCS] TEMIIEpaTypHBIE
YCIIOBUS KYJBTUBHPOBaHMSA. BbIBOABI. OnTHMaIbHBIE MO-
KaszaTell TPOAYKTUBHOCTH M SKOHOMHYECKOH S(PPEKTHB-
HOCTH O00ECTIeUYMBAEeT BBIpAIIMBaHHWE MPOOMPOUYHBIX pacTe-
HUH mpu TeMmeparype KyneTuBHpoBaHus 14—16 °C u uH-
TeHcuBHOCTH ocBemleHus 3000 nk. ITpu 3TOM KOIMUECTBO
MHUKpOKITyOHEl Ha OfHO pacTteHue cocrasiser 1,2 1T,
Macca CpeIHEro MUKPOKIYOHs — 262,0 Mr, Macca MHKpO-
KIIyOHE! Ha OffHO pacTeHue — 363,7 MT, KOIHIeCTBO MUKPO-
kinyoHer maccoit cBbire 350,0 mr — 20,9 %; cebecrou-
MOCTb MUKPOKITYyOHS — 5,31 TpH npu pentadensHoctH 201 %.

KiroueBbie ciaoBa: xapTodenb, MUKPOKIyOHH, TemIiepa-
TYPHBII peXUM, UHTEHCUBHOCTb OCBELIECHMUS, i1 Vilro.
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