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In the present study, the influence of three-wide spectrum light-emitting
diodes (LEDs), emitting warm light AP67 (moderate blue and red and
low red:far-red), AP673L (high red and high red:far-red) and G2 (high
red and low red:far-red) with different colours mixing blue, green, red
and far-red was used for micropropagation of three Polish potato
cultivars; ‘Aruba’, ‘Oberon’ and ‘Skawa’. The planlets were grown in a
growth chamber with a 16-h photoperiod. The photosynthetic photon
flux density was 30 pmol m-2 s-1. The tissue culture medium for shoot
proliferation was a standard MS-based medium. Microtuberization was
observed on MS medium supplemented with higher sugar content (40 m
g/L1). Light quality affected the number of microtubers (MTs) per
plantlet, the volume (cm3) of MTs, the fresh weight (mg) of MTs, and
the width (mm) of MTs. Different light qualities did not affect morpholo-
gical parameters, including length (mm), perimeter (mm), and cross-
section area (mm?) of microtubers, whereas the highest number of
microtuber were detected under the effect of AP67 light quality. The
morphological parameters mostly depended on cultivar. The lowest
number of microtubers was observed in the G2 treatment. In conclusion
, ‘Aruba’ and ‘Oberon’ with AP67 and AP673L, as well as LED lighting
systems, were determined as most suitable in terms of the MT count per
plantlet. Also, these variables were most suitable for MT volume (cm3),
fresh weight (mg), and width (mm).

Introduction

Potato (Solanum tuberosum L.) belongs to the
Solanaceae family. Due to its high nutrient content
and high yield production, potato ranks as the
fourth most important food crop in the world
after rice, wheat, and maize for human
consumption (AL-Shmary and AL-Taey 2020).
Potatoes are a major source of income in several
developing countries (Lutaladio and Castaidi
2009). It is predicted that the world population
will increase significantly and this will affect
countries where people have difficulties in
accessing food, natural resources, water and
shelter. With global warming, the decrease in
agricultural areas suitable for the climate makes
the situation even more difficult. Under these
conditions, the potato plantis a good field crop for
an ever-increasing global population, as it
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produces food much faster and in larger
quantities in smaller areas than other major
agricultural crops (Devaux et al. 2021).

Different techniques and strategies are constantly
being used to grow potatoes. The main goals of
these studies are to boost production, enhance
processing, and also to exist tuber quality in
various metrics. (Halterman et al. 2016).
Tuberization of potatoes is a time-consuming and
complicated process that can be induced in vitro.
Microtubers provide significant advantages in
storage, transportation, and manufacturing
applications due to their small size and weight. It
can be sown directly in the field as well as grown
in greenhouses and laboratories at any time of
year. They have morphological and biochemical
characteristics that are identical to conventional
tubers. In this approach, microtuber formation is


http://ijhst.ut.ac.ir/

Emin Develi & Miler

Int. J. Hort. Sci. Technol. 2023 10 (Special Issues): 113-124

a significant advancement in potato breeding
(Kanwal et al. 2006; Mamiya et al. 2020).

Tissue culture techniques are effective and
practical for potato seed technology because the
plants can be reproduced in vegetative form and
develop quickly in tissue culture without
requiring specialized media to obtain disease-free
microtubers (Mohapatra and Batra 2017).
Furthermore, according to Thorpe (2007), the
plant tissue culture method provides aseptic
conditions in  controlled environmental
conditions and under certain nutrient media for
the production of the new plant as well as
metabolites from plant parts. The resultant clones
are true-to-type of the selected genotype. In
addition, the controlled conditions provide the
culture with an environment conducive to their
growth also multiplication phases (Askari et al,,
2022).

Light is the primary source of energy for plant
photosynthesis as well as for the growth of plants
(Aliniaeifard et al, 2018; Seif et al, 2021;
Ashrostaghi et al., 2022; Lastochkina et al., 2022;
Esmaeili et al., 2022). In addition, a wide range of
signals and information for morphogenesis also
other physiological processes are begun by light
spectra (Chen et al. 2004). It is clear that artificial
light sources are important in situations where
natural light cannot be attained at the level that is
needed by plants. In that situation, light-emitting
diodes (LEDs) have a number of benefits over
conventional lighting sources in agricultural
conditions (Lastochkina et al,, 2022). LEDs are
superior to conventional light sources for use in
plant-based applications due to their endurance,
compact size, and ability to choose precise
wavelengths for a desired plant response. (Massa
et al. 2008; Ma et al. 2021). Besides, other
important features of LEDs are low power usage,
long-term use, low heat output, and making the
best use possible by placing the LEDs closer to the
plants (Miler et al. 2019). However, fluorescent
lamps are versatile because they provide a broad
spectrum of light (350-750 nm) applicable to
plenty of plant species, despite the fact that, their
disadvantages contain unsteady radiation
parameters, significant heat emission, and high
electricity consumption (Bello-Bello et al. 2017;
Hasan et al. 2017)

There are plenty of studies focused on LEDs
efficiency in the micropropagation of potatoes
which are researched to obtain the effect of
spectral conditions in recent years (Li et al. 2018;
Pundir et al. 2021). Moreover, most studies have
focused on a variety of narrow light spectra.
Mainly red and blue lights corresponding to the
two areas of the chlorophyll absorption curve,
which are necessary absorption of light energy for
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photosynthesis (Al-Shareefi et al. 2020; Li et al.
2020). However, there was no previous research
has been done on the production of potato
microtubers with the new technology of LED
lights. The current research aimed at studying the
influence of light quality during in vitro culture on
the formation of microtubers in three Polish
cultivars of potato, i.e. ‘Aruba;, ‘Oberon’ and
‘Skawa’.

Material and Methods

Plant material

Three Polish potato (Solanum tuberosum L.)
cultivars were used in the experiment, i.e. ‘Aruba’,
‘Oberon, and ‘Skawa’. The plant material was
provided by Hodowla Ziemniaki Zamarte Sp. - z
0.0 - Grupa IHAR in the form of 7n vitro plantlets.
Plantlets were maintained in an in vitro gene
bank of the Laboratory of Ornamental Plants and
Vegetables, Faculty of Agriculture and -
Biotechnology, University of Science and
Technology, Bydgoszcz, Poland.

Multiplication of plant materials

The determined number of plantlets was
obtained by the multiplication single node
method. Plant tissue culture media were based on
components of the MS culture medium
(Murashige and Skoog 1962). The pH was
established to 5.8 with 0.1 M HCI and 0.1 M NaOH,
after adding all MS media components.

The medium (40 ml) was poured into 350 ml
glass jars and closed with plastic caps. Five
explants were inoculated in each jar. The cultures
were maintained wunder uniform lighting
conditions. Light was provided by TLD 54 / 36W
fluorescent tubes emitting standard cool daylight
with a colour temperature of 6200 K (Koninklijke
Philips Electronics N.V, Eindhoven, Netherlands),
at photosynthetic photon flux density (PPFD) of
65 pmol m?2 s! and 16/8-hour light/dark
photoperiod. The temperature was set at 23 +
0.5°C.

Microtuber formation

After the multiplication phase, the plantlets were
cut into single-node explants, and explants were
transferred onto MS basal medium supplemented
with a higher amount - 40g/L! sucrose. The
preparation and basal components of the medium
were the same as described in the previous
section. The PPFD was measured using an FR-10
photometer (Optel, Opole, Poland) at the central
area of an empty shelf surface and was
established for every tube type at 30 umol m2 s-1
and a 16/8-h light/dark photoperiod was applied.
The temperature was set at 23 + 0.5°C. The
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cultures were placed under the LED tubes

emitting three spectra combinations, including

belonging to L-series Valoya horticulture lighting

(Table 1).

AP67, AP673L and G2 (Valoya, Helsinki, Finland).
The LED lamps were tube-shaped with T8 ends

Table 1. Applied LEDs spectrum details on the lighting recipes used in the present study

Colour Wavelength LED Source
(nm)
AP67 AP673L G2
Light composition
Ultraviolet (%) 0 0 0
SIGE0) <400 14 12 8
Glgg“(;o/;) 400-500 16 19 2
500-600 53 61 65
Far Red (%) _ 17 8 25
PAR (pmol m? s) A0
700-800 83 92 75
CCT (K) 400-700 2500 2000 N/A
B:G 1.2 1.8 25.9
R:FR 3.3 5.5 3.1

PAR photosynthetically active radiation, CCT correlated color temperature, B:G blue:green light ratio
determines the effectiveness of the blue light response, R: FR red:far-red light ratio determines the
ratio between active phytochromes (Pfr) and inactive phytochromes(Pr), N/A not applicable

The spectral characteristics of lamps are given in
Figure 1. The values were determined using a
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Fig. 1. Spectral characteristics of AP67, AP673L, and G2 lamps used in the
microtuber formation of potatoes
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The plants were carefully removed from the jars
25 weeks after subculturing, followed by the
measurements. The total number of microtubers
and the average number of microtubers per
plantlet were determined after the microtubers
were harvested. The average fresh weight of each
microtuber was estimated. The volume of the
microtubers was defined with a 50 ml measuring
cylinder partially filled with water, into which
individual microtubers were immersed, and the
change in the volume reading was recorded.
Microtubers were placed on the calibrated
scanner’s trays filled with water and scan photos
were taken. Based on the scan photos, the
microtubers’ cross-sectional area, average width,
and length, as well as the perimeter was
described with the application of WinFolia
software (Regent Instruments, Canada).

Statistical analysis
The experiment was organized as a completely

uniform layout with five replication (jars) and
each jar had five explants. The results were
statistically analyzed with a two-way analysis of
variance (ANOVA), and the comparisons of means
were made with HSD Tukey’s Multiple
Comparison Test (P<0.05) using Microsoft Excel.

Results

The different light conditions affected the
development and morphogenesis of only one
cultivar. ‘Aruba’ produced microtubers under the
AP67 light and had a significantly higher number
of microtubers than the rest of the treatment
groups (Fig. 2). Furthermore, the lowest number
of microtubers was obtained under the AP673L
spectrum. In the measurements made, it was
determined that different light spectra did not
have a significant effect on microtuber production
in ‘Oberon’. Meanwhile, ‘Skawa’ produced the
microtuber only under the G2 light spectra.
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Fig. 2. Effect of different light spectra provided by AP67, AP673L, and G2 lamps (detailed information in Figure
1 and Table 1) on the number of microtubers per potato plantlet in the cultivars. Mean values followed by the
same letter do not differ significantly at P<0.05 according to Tukey’s test
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Fig. 3. Effect of light spectra provided by AP67, AP673L, and G2 lamps (detailed information in Figure 1 and
Table 1) on volume (cm3) of microtubers in cultivars -Means followed by the same letter do not differ
significantly at P<0.05 according to Tukey’s test
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LED light spectra had important effects on both
cultivars in the calculation of the volume (cm3) of
microtubers (Fig. 3). Measurements were
significantly higher in ‘Aruba’ under AP67 in vitro,
whereas the largest volume of microtubers were
obtained in ‘Oberon’ after AP67 and AP673L
treatments.

Among the tested cultivars, the fresh weight (mg)
of the microtubers had significant effects on the
different light spectra of LEDs (Fig. 4). The
greatest fresh weight (mg) of microtubers of
‘Aruba’ was reported under AP67 compared to
AP673L and G2 treatments. Considering the
‘Oberon’, no significant effect occurred under any
of the light spectra in vitro.

O Aruba ® Oberon m Skawa

1000 1
96 800
?D wv
£ 8 600
52
25
£ 5400
cE
(0]
= 200 b b b b
b
. c . c A
0
AP67 AP673L

G2

Fig. 4. Effect of light spectra provided by AP67, AP673L, and G2 lamps (detailed information in Figure 1 and
Table 1) on fresh weight (mg) of the microtubers in the cultivars. Means followed by the same letter do not differ
significantly at P<0.05 according to Tukey’s test

While calculating the other parameters, the
width, length, perimeter, and cross-sectional area

AP67

AP673L

of the microtubers were measured using the
scanner program (Fig. 5).

G2

‘Aruba’
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‘Oberon’

‘Skawa’

Fig. 5. Microtubers of ‘Aruba’, ‘Oberon’ and ‘Skawa’ formed under different light spectra provided by AP67,
AP673L, and G2 lamps (detailed information in Figure 1 and Table 1).

Different light qualities after the harvest of ‘Aruba’ all other LED treatments (Fig. 6). The results of
microtubers resulted in significantly higher width ‘Oberon’ showed no significant effect emanating
(mm) of MTs grown under AP673L, compared to from any of the light conditions.
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Fig. 6. Effect of light spectra provided by AP67, AP673L, and G2 lamps (detailed information in Figure 1 and
Table 1) on width (mm) of microtubers -Means followed by the same letter do not differ significantly at P<0.05
according to Tukey’s test
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Light spectra did not significantly affect the length significant effect on the values of ‘Aruba’ and
parameter (mm) of the microtubers. (Figure 7). ‘Oberon)’, the results depended on the cultivar.
Although the light spectra did not have a
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Fig. 7. Effect of light spectra provided by AP67, AP673L, and G2 lamps (detailed information in Figure 1 and
Table 1) on length (mm) of microtubers ~-Means followed by the same letter do not differ significantly at P<0.05

according to Tukey’s test

The LED spectra had no significant effect on the other calculations, the results differed depending
perimeter (mm) of microtubers in neither ‘Aruba’ on the cultivars.
nor ‘Oberon’ (Fig. 8). However, as with many
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Fig. 8. Effect of light spectra provided by AP67, AP673L, and G2 lamps (detailed information in Figure 1 and
Table 1) on the perimeter (mm) of microtubers in cultivars. Means followed by the same letter do not differ

significantly at P<0.05 according to Tukey’s test

As with some other measurements, the cross- (Fig. 9). In addition, the significant difference
section area (mm?) of ‘Aruba’ and ‘Oberon’ was between the results depended on the cultivars.
not affected by the different LED light spectra
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Fig. 9. The effect of light spectra provided by AP67, AP673L, and G2 lamps (detailed information in Figure 1
and Table 1) on the cross-section area (mm?) of microtubers in cultivars. Mean values followed by the same
letter do not differ significantly at P<0.05 according to Tukey’s test

Discussion

The light spectrum is one of the important
environmental factors that influence the
morphogenesis of plants. Mohamed Ali and
Esmail (2011) observed that white and green
lights effectively improved the yield of potato
microtubers. In a recent study, AP67 and G2
lamps were predominantly composed of red and
far red light and also consisted of green and blue
light sources with similar percentages (Tab. 1).
Likewise, Eftekhari et al. (2023) reported that red
and blue light spectra were appropriately used
along with exogenous GABA. They had a positive
effect on both the number of saffron (Crocus
sativus L.) flowers and their yield. Furthermore,
Pelacho and Mingo-Castel (1991) reported that
the yield of the microtubers was directly
proportional to the quality of the potato
seedlings. In our experiment, cultivars and LED
light spectra had an impact on the number of
microtubers per plantlet. According to the results,
‘Aruba’ had a significantly higher yield under the
AP67 and G2 LED light spectra, while the effects
of different light spectra on the measured
efficiencies of ‘Oberon’ were not significantly
different in vitro (Fig. 2). In this case, the different
genotypes and LEDs light spectrum used in the
research directly affected the results.

Potato microtubers require a different range of
wavelengths in the LED light source during the
growth period and, as determined, the largest
type of microtubers occurred on the spectrum of
R (%100 red) and B (%100 blue) LEDs under in
vitro (Chen et al. 2018).

Furthermore, Aalifar et al. (2019) observed that
blue light significantly improved plant
parameters compared to other light spectra.
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Similarly, in our study, the LED light factor
significantly affected the volume (cm3) of
microtubers. ‘Aruba’ and ‘Oberon’ proved to be
more efficient than ‘Skawa’ under all LEDs /n vitro
(Fig. 3). The AP67 (moderate blue and red and
low red:far-red) and AP673L (high red and high
red:far-red). LED lights were significantly more
effective than the G2. These results, along with
other articles, were observed to improve the plant
morphogenesis of blue and red light spectra.
Specific light treatments were beneficial to the
fresh weight of the microtubers of potato
plantlets under in vitro conditions. Chen et al.
(2018) observed that the fresh weight (mg) of
different cultivars of microtubers increased when
grown under red (100% red) and white LEDs. The
current results were also influenced by cultivars
and the light spectrum of LEDs. The ‘Aruba’ and
‘Oberon’ proved to be more effective under in
vitro AP67 and AP673L LED lamps (Fig. 4). Their
fresh weights (mg) were significantly higher than
the ‘Skawa’. Based on these results, red and far-
red spectrum LEDs light spectrum were effective
in increasing the weight of microtubers in various
genotypes. On the other hand, trying various
hormonal combinations on potato microtubers by
Dessoky et al. (2016) reported a low weight of
microtubers obtained on MS media without
growth regulators. Accordingly, if the appropriate
type of LEDs and hormonal supplements in MS
media are used, the desired level of microtuber
can be obtained. These results showed that the
effect of growth regulators and LEDs in
microtuber formation should be taken into
account.

In this work, light spectra had different effects on
the cultivars. The highest width (mm) value was
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determined as AP673L light for ‘Aruba’ and, in
addition, there was no significant difference
between light spectra in ‘Oberon’. (Fig. 6). In this
respect, Aruba’ was several times wider than
other cultivars. Besides, according to Asadi et al.
(2017), potato microtubers morphogenesis and
subsequent growth of microtubers were affected
by diverse LEDs. This may suggest that the several
cultivars and different light spectra created
variable results.

It has been proven that the red LED light
spectrum has a positive effect on potato
microtuber production. Omar (2017) wused
different light spectra on potatoes, using two
potato cultivars, and reported that microtubers
growing under the light spectrum of red LEDs
showed a significant increase in height.
Nevertheless, we observed that the LED lights
used herein were not significantly effective on the
cultivars. However, the cultivar was the only
factor affecting microtuber length (mm). ‘Aruba’
proved to be more productive with respect to
many results. ‘Oberon’ had equivalent values (Fig.
7). All types of LED spectra had similar effects on
cultivars. When considering the research, LEDs
may have had various effects on dissimilar
genotypes.

Studies have shown that red LED light spectra
(100% red) have different effects on plants.
Poudel et al. (2008) showed that grape cultivars
cultured under red LED light spectra had longer
plant height and length. Despite that, Chen et al.
(2020) observed that potato plantlets grown
using red LED (100 % red) produced the smallest
tuber size and weight under greenhouse
conditions. Regarding the perimeter (mm) of
microtubers in our experiment, there was no
significant difference between the effects of LED
lights on the cultivar (Fig. 8). These results may
be due to the difference between the genotypes
and the variety of plants that responded
differently to environmental conditions.

LED lights are reportedly effective on
microtubers. Chen et al. (2018) indicated that the
growth of microtubers may necessitate a variety
of wavelengths in the LED light spectra. Many
authors have discovered that microtubers can
increase in size when exposed to various types of
LEDs in vitro (Barcel6-Muoz et al. 2022; Rahman
et al. 2021). In our study, however, no significant
difference was determined between the different
light spectra on the cultivars (Fig. 9). The current
study found that these LEDs had a similar effect
on the cultivars in some parameters, which may
explain the discrepancies among the results of
various studies.
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Conclusion

The current research demonstrated that an
appropriately selected LED light source promoted
potato plant development and microtuber growth
in a variety of parameters. The characteristics of
in vitro-produced potato microtubers were
affected by the light spectrum and -cultivar
(genotype). LEDs had a significant influence on
the number of microtubers produced per plantlet,
volume (cm3), fresh weight (mg), and width
(mm) of the microtubers. In terms of microtuber
production and fresh weight, the AP67 LED
spectrum was the most effective, whereas the G2
spectrum was the least effective. In terms of in
vitro microtuber yield, ‘Aruba’ and ‘Oberon’
outperformed ‘Skawa’ The microtuber size and
fresh weight depended on the cultivar.

References

Aalifar M, Arab M, Aliniaeifard S, Dianati S, Mehrjerdi
MZ, Limpens E, Serek M. 2019. Embryogenesis
efficiency and genetic stability of Dianthus
caryophyllus embryos in response to different light
spectra and plant growth regulators. Plant Cell, Tissue
and Organ Culture (PCTOC) 139, 479-492.

Al-Shareefi MJH, Abbass JA, Abdulhussein MAA. 2020.
Effect of light sources and culture systems on
microtubers production of potato (Solanum tuberosum
L.) in vitro. International Journal of Agricultural and
Statistical Sciences 16(2), 679-686.

AL-Shmary RF, AL-Taey DK. 2020. The response of two
potato cultivars to organic and bio fertilization and
their interaction with chemical fertilization on some
growth and yield traits. International Journal of
Psychosocial Rehabilitation 24(6), 6774-6780.

Asadi A, Kafi A, Nabati ], Goldani M. 2017. Effect of
different light sources in vitro on growth, morphology
and minituber production of potato (Solanum
tuberosum L.) in hydroponic conditions. Iranian
Journal of Horticultural Science 48(4), 933-941.

Ashrostaghi T, Aliniaeifard S, Shomali A, Azizinia S,
Abbasi Koohpalekani ], Moosavi-Nezhad M, Gruda NS.
2022. Light intensity: The role player in cucumber
response to cold stress. Agronomy 12, 201.

Askari N, Aliniaeifard S, Visser RG. 2022. Low CO2
levels are detrimental for in vitro plantlets through
disturbance of photosynthetic functionality and
accumulation of reactive oxygen species. Horticulturae
8, 44.

Barcel6-Muiioz A, Barcelo-Muiioz M, Gago-Calderon A.
2022. Effect of LED lighting on physical environment
and micro environment on in vitro plant growth and
morphogenesis: The need to standardize lighting
conditions and their description. Plants 11(1), 60.

Bello-Bello J], Perez-Sato JA, Cruz-Cruz CA, Martinez-
Estrada E. 2017. Light-emitting diodes: progress in
plant micropropagation. In Tech 6, 93-103.



Emin Develi & Miler

Int. J. Hort. Sci. Technol. 2023 10 (Special Issues): 113-124

Chen L, Xue X, Yang Y, Chen F, Zhao ], Wang X, Khan AT,
Hu Y. 2018. Effects of red and blue LEDs on in vitro
growth and microtuberization of potato single-node
cuttings. Frontiers of Agricultural Science and
Engineering 5(2), 197-205.

Chen L, Zhang K, Gong XC, Wang HY, Gao YH, Wang XQ,
Zeng ZH, Hu YG. 2020. Effects of different LED light
spectra on the growth, leaf anatomy and chloroplast
ultrastructure of potato plantlets in vitroand minituber
production after transplanting in the greenhouse.
Journal of Integrative Agriculture 19(1), 108-119

Chen M, Chory ], Fankhauser C. 2004. Light signal
transduction in higher plants. Annual Review of
Genetics 38, 87-117.

Dessoky EDS, Attia OA, Ismail Al, Ehab IEH. 2016. /n
vitro propagation of potato under different hormonal
combinations. International Journal of Advanced
Research 4(1), 684 689.

Devaux A, Goffart JP, Kromann P, Andrade-Piedra ],
Polar V, Hareau G. 2021. The potato of the future:
opportunities and challenges in sustainable agri-food
systems. Potato Research 64: 681-720.

Eftekhari M, Javid MG, Aliniaeifard S, Nicola S. 2023.
Alteration of flower yield and phytochemical
compounds of saffron ( Crocus sativusL.) by application
of different light qualities and growth regulators.
Horticulturae 9, 169.

Esmaeili S, Aliniaeifard S, Dianati Daylami S, Karimi S,
Shomali A, Didaran F, Telesinski A, Sierka E, Kalaji HM.
2022. Elevated light intensity compensates for nitrogen
deficiency during chrysanthemum growth by
improving water and nitrogen use efficiency. Scientific
Reports 12, 1-14.

Halterman D, Guenthner ], Collinge S, Butler N, Douches
D. 2016. Biotech potatoes in the 21st century: 20 years
since the first biotech potato. American Journal of
Potato Research 93, 1-20.

Hasan MM, Bashir T, Ghosh R, Lee SK, Bae H. 2017. An
overview of LEDs effects on the production of bioactive
compounds and crop quality. Molecules 22(9), 1420.

Kanwal A, Ali A, Shoaib K. 2006. /n Vitro
microtuberization of potato (Solanum tuberosum L.)
cultivar kuroda - a new variety in Pakistan.
International Journal of Agriculture and Biology
8(3):337-340.

Lastochkina O, Aliniaeifard S, SeifiKalhor M, Bosacchi
M, Maslennikova D, Lubyanova A. 2022. Novel
approaches for sustainable horticultural crop
production: advances and prospects. Horticulturae 8,
910.

Li R, Huang W, Wang X, Liu X, Xu Z. 2018. Effects of
yellow, green and different blue spectra on growth of
potato plantlets in vitro. Hortscience 53(4), 541-546.

Li R, You ], Miao C, Kong L, Long |, Yan Y, Xu Z, Liu X.
2020. Monochromatic lights regulate the formation,
growth, and dormancy of in vitro-grown Solanum
tuberosum L. microtubers. Scientia Horticulturae 261,

122

108947.

Lutaladio N, Castaidi L. 2009. Potato: The hidden
treasure. Journal of Food Composition and Analysis 22,
491-493

Ma Y, Xu A, Cheng Z.-M. (Max). 2021. Effects of light
emitting diode lights on plant growth, development and
traits a meta-analysis. Horticultural Plant Journal 7(6),
552-564.

Mamiya K, Tanabe K, Onishi N. 2020. Production of
potato (Solanum tuberosum, L.) microtubers using
plastic culture bags. Plant Biotechnology 37(2), 233—
238.

Massa GD, Kim HH, Wheeler RM, Mitchell CA.
2008. Plant productivity in response to LED lighting.
Hortscience 43(7), 1951-1956.

Miler N, Kulus D, Wozny A, Rymarz D, Hajzer
M,Wierzbowski K, Nelke R and Liwia S. 2019.
Application of wide-spectrum light-emitting diode in
micropropagation of popular ornamental plant species:
a study on plant quality and cost reduction. /n vitro
Cellular and Developmental Biology - Plant 55, 99-108.

Mohamed Ali FH, Esmail MA. 2011. The impact of in
vitro light quality on potato microtuberization from
single-node cuttings. Acta Horticulturae 923; 73-77.

Mohapatra PP, Batra VK. 2017. Tissue culture of potato
(Solanum tuberosum L.): a review. International
Journal of Current Microbiology and Applied Sciences
6(4), 489-495.

Murashige T, Skoog F. 1962. A revised medium for rapid
growth and bioassays with tobacco tissue cultures.
Physiologia Plantarum 15, 473-497.

Omar GF. 2017. Growth responses of potato plantlets
cultured in vitro under different color light-emitting
diodes (LEDs). Hortscience Journal of Suez Canal
University 6(1), 65-71.

Pelacho AM, Mingo-Castel AM. 1991. Jasmonic acid
induces tuberization of potato stolons cultured 7n vitro.
Plant Physiology 97, 1253-1255.

Poudel PR, Kataoka I, Mochioka R. 2008. Effect of red-
and blue-light-emitting diodes on growth and
morphogenesis of grapes. Plant Cell, Tissue and Organ
Culture 92, 147-153.

Pundir RK, Pathak A, Upadhyaya DC, Muthusamy A,
Upadhyaya CP. 2021. Red and blue light-emitting diodes
significantly improve 7n vitro tuberization of potato
(Solanum tuberosum L.). Journal of Horticultural
Research 29(1), 95-108.

Rahman MH, Islam M], Azad MOK, Rana MS, Ryu BR,
Lim YS. 2021. LED light pre-treatment improves pre-
basic seed potato (Solanum tuberosum L. cv. ‘Golden
King”) production in an aeroponic system. Agronomy
2021, 11, 1627.

Seif M, Aliniaeifard S, Arab M, Mehrjerdi MZ, Shomali A,
Fanourakis D, Li T, Woltering E. 2021. Monochromatic
red light during plant growth decreases the size and
improves the functionality of stomata in



Emin Develi & Miler Int. J. Hort. Sci. Technol. 2023 10 (Special Issues): 113-124

chrysanthemum. Functional Plant Biology 48, 515-528. Journal of Molecular Microbiology and Biotechnology

37,169-180.
Thorpe TA. 2007. History of plant tissue culture. ’

Creative Commons Attribution [CC BY A1.0), which permits unrestricted wse, distribution, and

reproduction in amy medivrm, as long as the original authors and sounee are cited. Mo permission is

COPYRIGHTS ©2021 1he autho(s). |his is an open access article distributed under the tenms of the ®
required from the authors or the publishers

123



Emin Develi & Miler Int. J. Hort. Sci. Technol. 2023 10 (Special Issues): 113-124

124



