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A B S T R A C T
We studied growth of  potato plantlets of  two cultivars under different constant 
poly chromatic light-emitting diodes (LEDs) and dynamic lighting with the spect-
rum modifications during growth. Light sources constructed by us were sunbox 
SB, red-green-blue RGB, and full spectrum FS, red-blue. White luminescent lamps 
were used as control light. Dynamic lighting was achieved by transferring groups 
of  plantlets from one box to another. Red/green/blue portions in the light sources 
were (in percents): 39R/39G/22B for SB, 63R/21G/16B for RGB, 74R/8G/18B 
for FS, and 22R/49G/29B for control. PPFD was set at 45 µmol/m2 s. Morpho-
metric measurements were made 14 and 28 days after planting. Plant lets developed 
differently from initial stages. Cultivar 'Red Scarlett' appeared to be more suscep-
tible to different lighting than 'Innovator'. Light variations RGB and RGB-SB were 
the most favorable for plantlet development. This is the first report on the dynamic 
lighting application for growing potato plantlets.
Keywords: Solanum tuberosum, artificial light, different spectra, light emitting diodes,  
in vitro, micropropagation, cultivar, cultivation

Р Е З Ю М Е
Наконечная О.В., Субботин Е.П., Грищенко О.В., Гафицкая И.В., 
Ор ловская И.Ю., Холин А.С., Гольцова Д.О., Субботина Н.И., Бул-
гаков В.П., Кульчин Ю.Н. Развитие микрорастений картофеля in 
vitro под различными полихромными СД спектрами и динамическим 
ос ве щением. Мы исследовали развитие микрорастений картофеля двух 
сор тов под различными постоянными полихромными светодиодными 
(СД) спектрами и динамическим освещением с изменением спектра в про-
цессе роста. Нами были сконструированы следующие источники освеще-
ния: солнечный бокс SB, красно-зелено-синий RGB, и полный спектр FS, 
красно-синий. В качестве контрольного света использовались белые люми-
несцентные лампы. Динамическое освещение достигалось путем переноса 
группы микрорастений из одного бокса в другой. Доля красного/зелено-
го/синего спектров в источниках света была (в процентах): 39R/39G/22B 
для SB, 63R/21G/16B для RGB, 74R/8G/18B для FS и 22R/49G/29B для 
контроля. PPFD был установлен на уровне 45 мкмоль/м2 с. Морфометри-
ческие измерения проводили через 14 и 28 дней от начала эксперимента. 
Микрорастения развивались по-разному с самых начальных стадий экспе-
римента. Сорт 'Red Scarlett' оказался более восприимчивым к изменению 
освещения, чем 'Innovator'. Варианты освещения RGB и RGB-SB оказались 
наиболее благоприятными для развития микрорастеий картофеля. Это пер-
вое сообщение о применении динамического освещения для выращивания 
микрорастений картофеля.
Ключевые слова: Solanum tuberosum, картофель, искусственный свет, разные спект-
ры, светодиоды, микроклональное размножение, in vitro, сорт, выращивание

Olga V. Nakonechnaya 1* 

e-mail: markelova@biosoil.ru

Evgeniy P. Subbotin 2 

e-mail: s.e.p@list.ru

Olga V. Grishchenko 1 

e-mail: grishchenkoov@gmail.com

Irina V. Gafitskaya 1 

e-mail: gafitskaya@biosoil.ru

Irina Yu. Orlovskaya 1 

e-mail: irina-orlovskay@mail.ru

Alexander S. Kholin 2 

e-mail: a_kholin@ iacp.dvo.ru

Dariya O. Goltsova 2 

e-mail: gd89@list.ru

Natalia I. Subbotina 2 

e-mail: sale789@mail.ru

Victor P. Bulgakov 1 

e-mail: bulgakov@biosoil.ru

Yuri N. Kulchin 2 

e-mail: kulchin@iacp.dvo.ru

1 Federal Scientific Center of  the East Asia 
Terrestrial Biodiversity FEB RAS,  
Vladivostok, Russia
2 Institute of  Automation and Control 
Processes FEB RAS, Vladivostok, Russia

* corresponding author

Manuscript received: 22.09.2020 
Review completed: 04.12.2020 
Accepted for publication: 08.12.2020 
Published online: 11.12.2020

Olga V. Nakonechnaya1*, Evgeniy P. Subbotin2,  
Olga V. Grishchenko1, Irina V. Gafitskaya1, Irina Yu. Orlovskaya1, 
Alexander S. Kholin2, Dariya O. Goltsova2, Natalia I. Subbotina2,  
Victor P. Bulgakov1, Yuri N. Kulchin2

In vitro potato plantlet development 
under different polychromatic LED 
spectra and dynamic illumination

The development of  technologies of  all year-round cul-
ti vation of  agricultural crops in protected conditions using 
artificial illumination meets the challenges in the field of  
food security. These technologies allow reducing risks asso-
cia ted with farming in open field and receive stable harvest 
in dependently from the season. Potato, Solanum tuberosum L., 
is one of  the most important crops cul ti vated all over the 
world. The use of  seed material of  a high quality can de-
ter mine the abundance of  harvest. The ma xi mum yield can 
be achieved by using elite and super elite tubers, pro du ced 
via method of  apical meristems. The method helps to clean 

the seed material from viruses, and sani tated material can 
be easily multiplied using microclonal pro pa ga tion method 
in vitro. The method helps to rapidly propagate va luable and 
rare plant cultivars (Anisimov & Chugunov 2014).

Light is the one of  critical factors affecting plant 
growth and developing. Growth, morphogenesis, and tube-
ri zation of  potato in vitro are affected by light. By chan ging 
(modifying) light parameters (spectrum, intensity, photo-
pe riod) researchers can control plant development in vitro 
(Seabrook 2005), and thus avoid the usage of  plant growth 
re gu lators that may cause atypical conditions (Aksenova et 
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al. 1989, Seabrook & Douglass 1998 and others). The crea-
tion of  optimal artificial lighting conditions for obtaining a 
high-quality crop for different potato cultivars is important. 
Today’s state of  the development of  controlled light-emit-
ting diode (LED) technology provides great potential for 
stu dying the processes of  plant morphogenesis and crea-
ting conditions for improving growth, productivity and in-
crea sing plant resistance.

Extensive experimental data have been accumulated on 
the in fluence of  different types of  light on the development 
of  the potato plantlets (Seabrook 2005 and articles herein). 
How ever, to the best of  our knowledge, no experiments 
with dynamic lighting and modified spectra during plant 
cul ti va tion have been conducted. Nevertheless, such 
approach may be a helpful tool in improving growth of  po-
tato plantlets. Therefore, the aim of  our work was to study 
the effect of  different polychromatic LED light sources 
and dy na mic illumination with spectra modified during the 
experiment on growth of  two potato cultivars 'Red Scarlett' 
and 'Innovator'.

M A T E R I A L  A N D  M E T H O D S
Plant  mater ia l  and culture condit ions

We used two cultivars (cv.) of  the Solanum tuberosum L. 
plantlets, 'Red Scarlett' and 'Innovator', in our experiments. 
Red Scarlet is an early cultivar, resistant to many diseases, 
with good storage performance. It is characterized with an 
in ten sive and rapid accumulation of  tuber yield with good 
quality. Its harvest levels depend a lot from the soil, climate, 
and weather conditions, and agrotechnics. 'Innovator' is a 
me dium-early cultivar with good characteristics, high level 
of  resistance to the main diseases, and high yield potential. 
The cultivar is unpretentious to soil, resistant to unstable 
weather, cold and heat. 

Sterile microplants were cultivated on Murashige & 
Skoog (1962) solid medium, supplemented with kinetin 
(2 mg/L) and indoleacetic acid (1 mg/L), in test-tubes at 
24 ± 1ºC under light with luminescent lamps OSRAM L 
36W/765 (Russia/Poland) for 14 days. For the experiment, 
we cut the grown plantlets into equal single-node fragments 
with leaves of  the same size, and placed them on the same 
medium in a culture chamber at 24 ± 1ºC under different 
light treatments. The cuttings grew for 28 days with a 16 h 
day/8 h night illumination.

Light ing condit ions  and the set 
up of  the experiment

Light sources were constructed in the Insti-
tute of  auto ma tion and control processes FEB 
RAS. We used three dif fe rent matrix LED light 

sources with distinct spect ra for the experiment: sunbox SB, 
a newly constructed polychromatic spect rum approaching 
to a solar spectrum in a wavelength range 400–700 nm 
(Nakonechnaya et al. 2019); full spectrum FS, with mainly 
red and blue wavelength range, often used in green houses; 
and red-green-blue RGB, containing red, green and blue 
diodes. We used luminescent lamps as a cont rol. Light 
intensity for all light sources was equal to 45 µmol/m2 s 
(measured with the spectrophotometer TKA-Spect rum 
(«ТКА», Russia). Spectral characteristics of  all light sources 
are shown in Fig. 1 and Table 1.

We cultivated plantlets under four light treatments for 
two weeks. After that, plantlets in each box were randomly 
divided into 3 equal groups. We left one group at the same 
box for further growth, and transferred two other groups 
into other boxes with LED lighting, in order to organize a 
dy na mic lighting via changing the spectrum during plantlets 
de ve lop ment. Plantlets grew in the modified lighting con di-
tions for the next two weeks. Control plantlets grew under 
luminescent light during all cultivation period. Thus, we ob-
tained 9 variants of  illumination: SB, RGB, FS, SB-RGB, 
SB-FS, RGB-SB, RGB-FS, FS-SB, FS-RGB. 28 days after 
plan ting, we measured plantlet height, fresh and dry mass of  
shoots and roots, internodes length, and length and width 
of  leaves. We also measured plantlet height, leaves and roots 
number after two weeks of  culturing, before transferring 
plantlets to other boxes. We repeated the experiment for 
three times with 15 plantlets in each of  ten treatments. 
Fresh weight was measured using electronic balance (Vibra 
AJH-220CE, Shinko Denshi Co, LTD, Japan).

Statistical analysis
We processed the data using Microsoft Office Excel and 

Statistica, version 13.3 (StatSoft Inc., USA). The results are 
represented as the means ± standard errors of  means. Ana-
lysis of  variances (one-way ANOVA) using Fisher’s pro tec-
ted least significant difference (PLSD) post-hoc test was 
applied. A difference of  P < 0.05 was considered significant.

R E S U L T S
Morphometric characteristics of  the potato plantlets 

after two weeks of  culturing (before the change of  the spect-
ra) are shown in Fig. 2. Our data displayed plantlets sen si ti-
vity to light composition from the early growth periods, and 

Figure 1 Spectral characteristics of  the LED and luminescent light sources used 
in the experiment

Table 1. Spectral properties of  the matrix light-
emit ting diode light sources.

Spectral 
wavelength 
range, nm

Light source
Control 

luminescent SB RGB FS

Blue 400–500 29 22 16 18
Green 500–600 49 39 21 8
Red 600–700 22 39 63 14
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responses were cultivar-specific. For some parameters, 'Red 
Scar lett' plantlets responded more intensively than 'Innovator' 
plant lets. Thus, maximal height for 'Red Scarlett' plantlets 
was noted for control and RGB-RGB plantlets (48 and 
45 mm, respectively). SB-SB provided growth of  medium-
size plantlets (41 mm), and FS-FS caused the formation of  
the shor test plantlets (38 mm) (Fig. 2a). SB-SB light pro-
vi ded a decrease in leaves number (4.2), comparing with 
cont rol plant lets (4.9), and number of  roots in all plantlets 
un der LED lights was equal to that in control plantlets (5.3; 
5.7; 6.9; and 5.9, respectively). Whereas 'Innovator' plantlets 
showed no reliable difference in plantlets growth (68, 66, 65, 
and 68 mm) as well as in number of  roots (5.3; 6; 6.2; and 
5.9). At the same time, number of  leaves in plantlets un-
der LED light treatments was significantly lower than that in 
cont rol plantlets (4.3; 4.4; 4.6; and 5.4, respectively) (Fig. 2).

Analysis of  the potato plantlets measurements after 
four weeks of  growth under modified spectra showed that 
plantlets of  different cultivars responded in a similar way. 
We made this conclusion based on the trend lines in Fig. 3. 
For the cv. 'Red Scarlett' the highest plant lets developed 
under RGB-RGB (67 mm). They were sig ni fi cantly higher 
than plantlets of  other experimental groups, except control 
(62 mm). The shortest plantlets developed under SB-FS 
and FS-FS lights (49 and 50 mm, respectively). Plantlets of  
other light treatments did not significantly differ from each 
other (Fig. 3).

The highest plantlets of  the cv. 'Innovator' were observed 
un der the control light. Plantlets under RGB-RGB, RGB-
FS, and FS-SB did not significantly differ from control, but 
were higher than plantlets under SB-SB, SB-RGB, SB-FS, 
RGB-FS, and FS-RGB. We noted maximal lengths of  inter-
nodes in 'Red Scarlett' plantlets. For cv. 'Innovator', it was 
dif fi cult to identify a spectrum that would clearly affect the 
elon gation or shortening of  the plantlets. We observed the 
highest values of  leaf  length and width for cv. 'Red Scarlett' 
plant lets under FS-RGB, and for cv. 'Innovator' plantlets 
un der FS-RGB (data not shown).

Fresh shoot mass accumulation was the highest in plant-
lets cv. 'Red Scarlett' grown under RGB-RGB, SB-RGB, 
and FS-RGB (274, 274, and 267 mg, respectively) (Fig. 4a). 
Plant lets under SB-SB and SB-FS showed a reliable decrease 
in this parameter, in comparison with RGB-RGB plantlets 
(222, and 234 mg, respectively). Control plantlets did not 
differ in fresh shoot mass accumulation 
from plantlets of  other light treatments.

For cv. 'Innovator' plantlets, we 
observed maximal fresh shoot mass 
accumulation under FS-SB, con t rol, 
and SB-FS lights (250, 245, and 241 mg, 
res pec tively). However, no sig ni fi cant 
difference was found among plant lets of  
all experimental groups ex cept FS, where 
plantlets accumulated the mi ni mal fresh 
shoot mass (212 mg) (Fig. 4a). 

We received similar tendency when 
analyzed dry shoot mass accumulation. 
Plantlets of  most of  the experimental 
groups did not reliably differ from each 

other in this cha rac te ristic, except SB (21 mg) for cv. 'Red 
Scar lett' with lower dry shoot biomass values than in RGB 
and SB-RGB (24 mg) plantlets. For cv. 'Innovator', FS plant-
lets (20 mg) ac cu mu la ted significantly less biomass than 
SB-FS, RGB-SB, and FS-SB plantlets (24, 24, and 25 mg, 
respectively) (Fig. 4b).

We noticed a significant decrease in the levels of  fresh 
root biomass accumulation in 'Red Scarlett' plantlets grown 
un der C, SB-RGB, RGB-FS, and FS-RGB light treatments 
(142, 141, 149, and 148 mg, respectively), in comparison 
with RGB-SB plantlets (178 mg) (Fig. 5a). Levels of  dry 

Figure 2 Morphometric characteristics of  potato plantlets cv. 'Red 
Scarlett' (A) and 'Innovator' (B) after two weeks of  culturing under 
different light treatments. C – control (luminescent light). LED 
lights: SB – sunbox, RGB – red-green-blue, FS – full spectrum 
(red-blue). Different letters above the columns indicate statistically 
significant differences of  means ((P < 0.05), Fisher’s LSD

Figure 3 Height of  the potato plantlets cv. 'Red Scarlett' and 'Innovator' after 4 weeks of  
cul tu ring under various dynamic light treatments. C – control (luminescent light). LED 
lights: SB – sunbox, RGB – red-green-blue, FS – full spectrum (red-blue). Different letters 
above the columns indicate significant differences of  means (P < 0.05), Fisher’s LSD
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root biomass accumulation were also reliably higher in 
RGB-SB, and FS-SB plantlets (13 and 12.8 mg), comparing 
with cont rol, RGB-RGB, FS-FS, SB-RGB, and FS-RGB 
plant lets (10.7, 10.8, 10.6, 9.7, and 10 mg, respectively). 

For cv. 'Innovator' plantlets, we found a reliable decrease 
in fresh root biomass accumulation by control plantlets 

(78 mg), comparing with SB-SB, RGB-SB, 
RGB-FS, and FS-RGB plantlets (103, 105, 105, 
and 112 mg). Dry root mass ac cu mulation levels 
were also lower in control plantlets (5 mg), 
comparing with plantlets of  other experimental 
groups except SB-FS (6 mg) (Fig. 5b).

It is interesting to note that roots mass/to-
tal plant mass ratio was higher in 'Red Scarlett' 
plant lets than in 'Innovator' plant lets (Fig. 6). 
In general, we can note a common ten den cy 
of  the root system development in plantlets of  
two cvs. de pending on the light spectrum.

D I S C U S S I O N
Based on the results, we can suppose that 

rapid deve lop ment of  plantlets of  both cvs. 
un der control light during the first two weeks 
was due to a high portion of  green light in the 
spect rum (Tabe 1). Responses to green light 
are ty pi cally low-light responses suggesting 
that they may con tri bute to the adaptation to 
growth under foliage of  within close proximity 
to other plants (Wang & Folta 2013). Ma et al. 
(2015) showed that addition of  green light to 
a mix ture of  red and blue LEDs significantly 
in creased stem height, stem dia meter, leaf  
area, and vegetative growth of  potato plant lets 
in vitro, comparing with red-blue spectrum. At 
the same time, the minimal height of  plantlets 
of  both cvs. un der FS can be caused with the 
least portion of  green in FS. 

We observed the highest plantlets of  the 
'Red Scarlett' cv. un der RGB-RGB at the end 
of  the experiment. More over, the transfer 
of  plantlets from SB to RGB caused a sig ni-
ficant increase in plantlets growth. We did not 
detect reliable growth changes in other lighting 
groups. We as sume that an increase in plantlets 
height is caused by a combi na tion of  blue, 
green and red portions in the spectra (Table 1).

Among plantlets of  cv. 'Innovator', the 
shortest speci mens grew under RGB-SB, and 
plantlets grown under SB were reliably smaller 
than plantlets under control light. The SB 
and FS spectra slowed down stem elongation, 
although the blue region in their spectra, often 
responsible for plant shor tening, was quite 
small. One can assume that this behavior is 
connected with portions of  green light more, 
than with blue spect rum levels. At the same 
time, 'Red Scarlett' plantlets, trans ferred under 
SB, were characterized with higher le vels of  
fresh shoot mass accumulation, comparing with 
other spectra, except RGB-RGB. We showed 

previously for arugula Eruca sativa cv. 'Dikovina', that under 
similar light conditions and dynamic light modifications, 
plants un der FS-RGB and RGB-SB were among the group 
with the highest values of  fresh shoot biomass accumulation 
(Na ko nech naya et al. 2021, in press). In the present study 
with po tato plantlets, we noted similar positive impact of  

Figure 4 Fresh (A) and dry (B) biomass of  shoots of  the potato plantlets cvs. 
'Red Scarlett' and 'Innovator' after four weeks of  culturing under modified LED 
light spectra. C – control (luminescent light). LED lights: SB – sunbox, RGB – 
red-green-blue, FS – full spectrum (red-blue). Different letters above the columns 
indicate statistically significant differences of  means (P < 0.05), Fisher’s LSD

Figure 5 Fresh (A) and dry (B) mass of  roots of  potato plantlets cvs. 'Red Scarlett' 
and 'Innovator' after four weeks of  culturing under modified LED spectra. C – 
control luminescent light, SB – sunbox, RGB – red-green-blue light, FS – full 
spectrum (red-blue)
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RGB spect rum on shoot mass accumulation. We observed 
the dry mass increase in plantlets of  the same experimental 
groups as with the fresh mass. This allowed us to conclude 
that the percentage of  water accumulation was the same, 
mea ning that mechanisms of  water regulation were similar 
in all plantlets regardless of  the light spectrum.

We detected the least shoot dry mass values in 'Red 
Scar lett' plantlets grown under SB-SB. The values dif fe red 
significantly from those for RGB-RGB and SB-RGB. Dry 
mass accumulation increased when plantlets were trans-
ferred from SB to RGB light (Fig. 5) that let us to conclude 
that RGB light with less green part, in comparison with 
SB light, is more favorable for shoot mass accumulation. 
Although in should be noted that the root development 
tended to be decreased in SB-RGB plantlets, comparing 
with SB specimens. 

We showed previously for arugula Eruca sativa cv. 'Di ko-
vina' that a transfer of  plants from other light treatments into 
SB led to a decrease in root development (Nakonechnaya et 
al. 2021, in press). In contrary, in the present study 'Red 
Scar lett' plantlets transferred to SB were characterized with 
in crease in dry weight of  roots, comparing with RGB-RGB 
and FS-FS plantlets that grew under constant light during 
the whole experiment. In case of  'Innovator' plantlets, we 
ob served a tendency to a better root growth in plantlets 
trans fer red to SB in comparison to those grown under 
cons tant light though it was not supported statistically. It 
was shown previously for Lactuca sativa cv. 'Waldmann’s 
Green' that increase in the green portion in the spectrum 
caused a de crease in fresh and dry biomass accumulation 
in plants (Kim et al. 2004). In our research, we did not see 
such a rela tion ship.

Plantlets of  different cultivars developed differently in 
our ex pe riment. Despite higher stem lengths 'Innovator' 
plant lets accumulated less roots and shoots biomass, com-
pa ring with 'Red Scarlett' plantlets, which were slowly gro-
wing short but robust plantlets. These differences did not 
de pend on the light treatment and were distinctive cha rac-
te ristics of  each cultivar determined genetically. According 
to the results obtained, we conclude that RGB-RGB and 
RGB-SB light treatments were more favorable for optimal 
po tato plantlets development for both cvs. SB light source 
can be recommended for growing potato plantlets on the 
second stage of  culturing.

C O N C L U S I O N
Our study showed that plantlets response to different 

light treatments was cultivar-specific, though plantlets res-
pon ded similarly to some light alterations. Cv. 'Red Scarlett' 
was more susceptible to light modifications than 'Innovator'. 
The differences between plantlets of  various experimental 
groups were evident at the initial period of  experiments, 
during first two weeks of  culturing. White luminescent 
lamps can successfully be replaced by LED light sources 
in culture chambers for cultivating and propagating potato 
plantlets in vitro. The use of  dynamic lighting, that is the 
modification of  the spectrum during the growth of  potato 
plantlets, make it possible to change their characteristics in 
a promising direction.
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