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Introduction

Potato (Solanum tuberosum L.), boasting a cultivated area 
of 16  million hectares and a production of over 360  mil-
lion tons, is a critical staple crop for ensuring food security 
worldwide (Askari et al. 2023). The demand for this tuber-
ous plant is steadily increasing due to its nutritional value, 
cost-effective production, versatile utilization, and starch 
production (Plantenga et al. 2019; Gong et al. 2021).This 
plant is propagated both sexually (through the acquisition of 
true seeds) and asexually (via tuber formation). However, 
for commercial purposes, seed tubers are primarily utilized 
(Plantenga et al. 2019). Despite all precautions this propa-
gation technique, however, contributes to the spread of pests 
and diseases, consequently decreasing yield. Although the 
production of mini-tubers from disease-free plants (i.e., 
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Abstract
Potato is an important crop in terms of its nutritional value, cost-effective production, versatile utilization, and starch pro-
duction. To produce disease-free potato starting material, the production of microtubers in vitro is a viable solution. The 
process of tuberization is a multifaceted physiological phenomenon that is regulated by a multitude of factors, including 
environmental conditions, nitrogen availability, plant growth regulators (PGRs), genetic makeup, nutrient availability, 
photoperiodic, temperature, explant source, potato cultivar, and sucrose. In this study, we evaluated the impact of diverse 
light qualities and photoperiods on in vitro microtuberzation of potato single node explant. Based on our finding, in com-
parison with white (W: control), the inclusion of the far-red wavelength in a red-blue light (RBF) in prolonged photoperiod 
significantly increased both tuberization percentage (18%) and tuberization degree (60%) in Sante® cultivar. Additionally, 
in comparison with W light at 16 h photoperiod, the application of RBF led to significant increment in various param-
eters, such as explant fresh weight (23%), microtuber diameter (40%), microtuber number (47%), and microtuber fresh 
weight (121%), microtuber dry weight (166%), and microtuber yield (FW and DW; 227%). Similarly, the utilization of 
the far-red spectrum in combination with the red-blue spectrum resulted in a 27% increase in protein content compared 
to W (control).

Key message
Potato in vitro microtuberzation was significantly improved when subjected to prolonged photoperiod and the application 
of far-red spectrum.
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tissue culture plantlets) may be an appropriate approach, 
this method requires modification due to low multiplication 
rates and acclimatization challenges faced by the plantlets 
after transplantation (Yagiz et al. 2020). On the other hand, 
microtubers (≤ 8 mm) provide several advantages, including 
germplasm conservation, high storage potential, year-round 
production, decontaminated propagation, easier acclimati-
zation and handling, rapid and economical multiplication 
procedures, and maximum yield productivity, making them 
a suitable option for potato production (Uchendu et al. 2016; 
Teng et al. 2019; Herrera-Isidron et al. 2021).

The induction of potato microtubers is a subject of inter-
est in research due to the impressive number of factors that 
can impact this process. Among these factors are light, as 
noted by Rehman et al. (2020), sucrose, as observed by 
Herrera-Isidron et al. (2021), genotype, as demonstrated by 
Mohamed et al. (2018), plant growth regulators, which has 
been explored by Sauer et al. (2013) and Salem and Hassa-
nein (2017), explant type, as studied by Yagiz et al. (2020), 
gelling agent, as reported by Arregui et al. (2003), and nutri-
tion, as highlighted by Rahman et al. (2015). Light, as a cru-
cial source of energy, represents one of the most significant 
environmental factors that elicit morphological and physio-
logical responses in potatoes (Jiang et al. 2019). The quality 
and quantity of light exert a considerable influence on plant 
growth and morphology (Brini et al. 2022). Notably, red-
blue mixed light has been documented as the most effective 
spectral composition for promoting the growth and tuber-
ization of potato plantlets (Xu et al. 2022), although certain 
evidence suggests that white light can enhance tuberization 
and plantlet growth (Chen et al. 2018). Furthermore, the 
quantity of light, known as the photoperiod, plays a crucial 

role in potato growth (Raigond et al. 2019), tuberization 
(Kondhare et al. 2021), photosynthesis, stomatal activity 
(Wheeler et al. 2019), and hormonal responses (Chincinska 
et al. 2013). This research aimed to investigate the effects of 
light spectra and photoperiod on in vitro microtuberization 
of potato, for determining the optimum light and photope-
riod combination to enhance microtuberzation processes.

Materials and methods

Plant materials and culture conditions

In this study, the high-yielding cultivar of potato (Sola-
num tuberosum cv. Sante) was selected (Askari et al. 
2023). A single nodal segment (1.5  cm) was excised 
from greenhouse-grown plants (Fig. 1. I) and used as an 
explant. The explants were subjected to decontamination 
procedures involving the use of 1% sodium hypochlorite 
and tween® 20 (a few drops), followed by triple rinsing 
with sterile distilled water (Askari and De Klerk 2020; 
Askari et al. 2022; Askari and Visser 2022). The ex vitro 
explants (5 explants vessel-1) were cultured on free hor-
mone MS medium (Murashige and Skoog 1962) contain-
ing 30 g L− 1 sucrose, 0.4 mg L− 1 thiamine; 100 mg L− 1 
myo-inositol; 7 g L− 1 microagar. The MS medium was 
dispensed (30  ml) into a glass vessel (10 × 5  cm) and 
sealed with transparent lids then maintained at a tempera-
ture of 25 ± 2 ºC for two weeks at 30 µmol m− 2 s− 1 light 
(Philips TL 33) for 16 h d-1. The obtained in vitro potato 
shoots from ex vitro explants were cut to single node 
(1 cm) and subcultured (once per two weeks) at the same 

Fig. 1  The steps involved in in 
vitro microtuberization of Potato 
(Solanum tuberosum cv. Sante) I) 
Potato cultivated in a greenhouse to 
supply ex vitro explants II) Shoot 
multiplication in MS medium (free-
hormone) for providing in vitro 
explants (III) The nodal explants 
were cultured on MS medium 
within a glass vessel and sealed 
with a transparent lid and incubated 
under light and photoperiod 
treatments (IV) Nodal explants 
produced microtuber after eight 
weeks (V) Single node explant 
induced microtuber on stolon (VI) 
Microtubers ready for cultivation
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medium and conditions till enough in vitro explants were 
produced (Fig.  1. II). For the microtuberzation experi-
ment the in vitro single node explants were cultured on 
MS medium (Murashige and Skoog 1962) containing 
80  g L− 1 sucrose, 0.4 mg L− 1 thiamine; 100 mg L− 1 
myo-inositol; 7  g L− 1 microagar and 2 mgl-1 BA. MS 
medium (30 ml) was poured into glass vessel (10 × 5 cm) 
and sealed with transparent lids (Fig. 1. III and IV) then 
maintained at a temperature of 25 ± 2 ºC for two months 
under different light treatments including blue (B; 400–
500 nm), white [W; 41% blue (400–500 nm), 39% inter-
mediate (500–600 nm), and 20% red (600–700 nm)], red 
and blue [RB; red (80%) and blue (20%)], red (R; 600–
700  nm), Red-Blue-Far-red [RBF; 70% R, 20% B, and 
10% F] plus darkness (Fig. 2). The photon flux density 
of LED lamps (Guangzhou Grow Light Company Model 
IGL-158‐18R17B7‐DC; Input voltage: 220–240 V; 18 W; 
0.09 A) was adjusted to 100 µmol m-2 s-1 at the explant 
level, for 16 h d-1 and 8 h d-1 for all light qualities.

Explant and microtuberization traits

Two months subsequent to the commencement of the 
experiment, an assessment was conducted on the factors 
pertaining to explant and induced microtubers (Fig. 1.V 
and VI). The parameters considered were the fresh weight 
(FW) of the explant, as well as the fresh and dry weights 
(DW) of the microtubers, microtuber diameter, and the 
number of induced microtubers. All the fresh weights 
were measured with analytical balance (± 0.01 g; MXX-
412; Denver Instruments, Bohemia, NY, USA). To obtain 
the dry weights, the microtubers and explants were sub-
jected to a drying process in a forced-air drying oven. 
Initially, they were dried at 105 °C for duration of 3 h, 
followed by further drying at 80 °C for over 72 h until no 
further reduction in weight was observed. The microtuber 
diameter was measured with digital caliper (Mitutoyo).

The percentage of tuberization under in vitro condi-
tions was derived by applying this formula:

Tuberization percent (%) = (number of explants with 
microtuber / Total number of explants) x 100.

For determination of tuberization degree, the method 
of Veramendi et al. (2000) was employed, wherein the 
microtubers were assessed on a range of 0 to 4, taking 
into account the status of their induction on a single 
node explant. 0, representing non-stolon or microtuber 
non-induction; 1, indicating stolon development; 2, rep-
resenting microtuber induction on shoot; 3, indicating 
microtuber induction on stolon; and 4, representing ses-
sile microtuber.

The microtuber yield (Chen et al. 2018) was measured 
by sum of fresh weight and dry weight of total microtu-
bers produced in each tissue culture vessel.

Biochemical properties

To determine the starch content of microtubers, 200 mg 
of the dried microtubers were ground and transferred into 
a test tube. Subsequently, 100 µl of distilled water (this 
step was carried out on ice) was added. Following this, 
130  µl of 52% perchloric acid was introduced into the 
mixture. The test tubes were then placed in an ice bath 
for duration of 15  min. Afterward, the supernatant liq-
uid was carefully separated using a 5000 rpm centrifuge 
for a period of 10 min, and subsequently transferred to 
another test tube. The pelleted sediments were treated 
with 250 µl distilled water and 750 µl of 52% perchloric 
acid. The resulting mixture was subjected to centrifuga-
tion at 5000 rpm for 10 min. After centrifugation, 2 ml of 
the supernatant liquid were mixed with 3 ml of anthrone 
reagent. This mixture was then placed in a Bain-Marie 
device and incubated at a temperature of 100  °C for 
20 min. After cooling, the solution was analyzed using a 
spectrophotometer (UV-1601) with a wavelength of 620. 
This method was adapted from the work of Fairbairn 
(1953).

To determine the concentration of soluble sugar, 
100  mg dried microtubers were ground. Subsequently, 
one ml of double distilled water was added to the grinded 
microtubers, then the mixture was transferred to a small 
beaker. The beaker was then placed in a bain-marie and 
heated at a temperature of 100 °C for duration of 20 min. 
Once cooled, the mixture was transferred to microtubes 
and subjected to centrifugation at a speed of 10,000 rpm 
for 15 min. Following centrifugation, 50 ml of the super-
natant liquid was taken and mixed with 950 ml of con-
centrated sulfuric acid on ice. The resulting mixture was 
then analyzed using a Spectrophotometer (UV-1601) at a 
wavelength of 315 (Albalasmeh et al. 2013).

To determine the protein content of microtubers, 100 
gr dried microtubers were ground. Subsequently, one ml 
of phosphate buffer (50 mM, pH = 7.8, containing 1 mM 
EDTA, 2% of polyvinyl polypyrrolidone (PVP) and 0.1% 
triton X-100) was added to the grinded microtubers. The 
resulting mixture was then transferred into a test tube and 
placed on ice. Then the mixture was subjected to centrif-
ugation at a speed of 12,000 rpm for duration of 20 min 
at a temperature of 4  °C. Following the centrifugation, 
10 ml of the supernatant liquid was mixed with 200 ml of 
bioreagent and 790 ml of phosphate buffer. After allowing 
the mixture to incubate for 10 to 15 min, its absorbance 
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Results

Explant and tuberization traits

The findings presented in Table 1 revealed that the influence 
of light treatment and photoperiod as well as the interac-
tion between light treatment and photoperiod showed sta-
tistically significant differences in various parameters, such 
as explant fresh weight, microtuber diameter, tuberization 
percentage, tuberization degree, and microtuber number 
(Table 1).

Applying of RBF resulted in a significant increase in the 
fresh weight of explants, in comparison to the other treat-
ments. Specifically, the explants that were exposed to RBF at 
16 h photoperiod exhibited the highest level of fresh weight, 
as indicated by the data presented in Table 2. Extending the 
photoperiod from 8 to 16 h significantly results in a 44% and 
68% increase in the fresh weight of the explant in RB and 
RBF, respectively. However, the increase in light duration 
did not show a significant impact on explant fresh weight in 
R and B. Notably, extending the photoperiod in RBF light 
led to a 50% increase in the fresh weight of the explant com-
pared to W. It is worth mentioning that all light treatments 
demonstrated better performance than the control (W) at 8 h 
photoperiod.

Conversely, at 16  h photoperiod, only RBF exhibited 
superior performance, with a 23% increase in the fresh 
weight of the explants compared to W light.

Except W, the diameter of microtuber exhibited a notable 
augmentation when the photoperiod was extended to 16 h. 
Specifically, in the presence of RBF light, an impressive 
70% increase in microtuber diameter was observed at 16 h 
photoperiod. It is noteworthy that RBF recorded the larg-
est microtuber diameter (3.85  mm) at 16  h photoperiod, 
while R resulted in the smallest diameter (1.93 mm) at 8 h 
photoperiod.

The percentage of tuberization was significantly influ-
enced by both light treatment and the photoperiod. All light 
treatments resulted in a significant increase in tuberization 
percentage when the photoperiod was extended to 16 h. The 
highest tuberization percentage was observed in B and RBF 
at 16 h photoperiod with values of 75% and 73% respec-
tively. In contrast, at 8  h photoperiod, RBF exhibited the 

was measured using a spectrophotometer (UV-1601) at a 
wavelength of 595 (Bradford 1976).

Statistical analysis

The present investigation was executed as a factorial 
experiment in accordance with the principles of a com-
pletely randomized design (CRD), involving two factors, 
namely light quality (Fig. 2) and photoperiod (8 and 16 h 
d-1). Five different light qualities were assessed plus dark-
ness including: {blue (B; having a peak at λ = 460 nm), 
white [W; consisting of 41% B (400–500 nm), 39% inter-
mediate (500–600 nm), and 20% R (λ = 660 nm)], red-
blue [RB; 80% R and 20% B], Red-Blue-Far-red [RBF; 
70% R, 20% B, and 10% F], red (R)}. The experimental 
design was replicated three times with fifteen explants 
per replicate. For statistical analyses, analysis of variance 
(ANOVA), normality test and Tukey’s multiple range test 
(P ≤ 0.01) to compare means were conducted using the 
SAS software (Version 9.0).

Table 1  An examination of variance (ANOVA) was conducted on various parameters, such as explant fresh weight, tuber diameter, tuberization 
percent, tuberization degree, and tuber number vessel-1, in the context of potato. The level of significance was denoted as follows: *; P < 0.01, **; 
P < 0.001, ***; P < 0.0001, and ns; non-significant
Source of variance df FW Explant Microtuber diameter Tuberization 

percent
Tuberization 
degree

Microtuber 
number 
vessel− 1

Light (L) 5 511.5 *** 0.43 *** 519.5 *** 1.72 *** 1.51 ***
Photoperiod (P) 1 1317.2 *** 3.92 *** 5059.6 *** 2.18 *** 23.3 ***
L × P 4 180.3 *** 0.36 *** 226.1 *** 0.41 ** 0.88 ***

Fig. 2  Light spectra of blue (B; 400–500  nm), white [W; 41% blue 
(400–500 nm), 39% intermediate (500–600 nm), and 20% red (600–
700  nm)], red and blue [RB; red (80%) and blue (20%)], red (R; 
600–700 nm), Red-Blue-Far-red [RBF; 70% R, 20% B, and 10% F] 
employed in the current study
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The fresh weight of microtubers was significantly influ-
enced by both light treatment and photoperiod. All light 
treatments resulted in a significant increase in the fresh 
weight of microtubers when the photoperiod was extended 
to 16 h. The most notable improvement, with a 115%, 70% 
and 60% increase, was observed in the B and RB and RBF 
respectively.

The highest fresh weight of microtubers, reaching 
58.6 mg per microtuber, was achieved in the RBF at 16 h 
photoperiod. Additionally, the RBF resulted in a 60% and 
121% increase in the fresh weight of microtubers compared 
to the W at 8 and 16 h photoperiod respectively (Fig. 3A).

The highest dry weight of microtubers (13.6  mg 
microtuber-1) was observed under RBF at 16 h photoperiod. 
This weight was 166% higher than that observed under W 
for the same photoperiod. Furthermore, across all light treat-
ments, extending the photoperiod from 8 to 16 h resulted in 
a significant increase in the dry weight of microtubers. The 
most substantial increases were observed under B and RBF, 
with a 127% and 88% increase, respectively (Fig. 3B).

The yield (FW) of microtubers vessel-1 was significantly 
influenced by the light treatment and photoperiod. The RBF 
produced the highest yield (FW) with 320.57 mg vessel-1 
when exposed to 16  h photoperiod. All light treatments 

highest tuberization percentage (51.9%), while R showed 
the lowest tuberization percentage (41%). RBF recorded 
the highest tuberization percentage (90%), whereas RB 
presented the lowest tuberization percentage (52%) at 16 h 
photoperiod. Furthermore, RBF increased the tuberization 
percentage by 18% compared to W at 16 h photoperiod.

The tuberization degree remained unaffected by the light 
treatment at 8 h photoperiod. However, when the explants 
were exposed to a 16 h photoperiod, the highest tuberization 
degree was observed in the presence of B (37%) and RBF 
(41%).

The microtuber number increased significantly while 
photoperiod extended to 16 h across all light treatments. The 
most notable improvement was observed in B (97%) and 
RBF (106%). Additionally, the highest microtuber number 
was produced in RBF at 16 h photoperiod, with 5.46 micro-
tubers vessel-1 (Table 2).

The data presented in Table  3 revealed that the influ-
ence of light treatment and the photoperiod as well as the 
interaction between light treatment and photoperiod exert a 
substantial statistically significant impact in various param-
eters, such as microtuber fresh weight, microtuber dry 
weight, yield fresh weight and yield dry weight (Table 3).

Table 2  The impact of light treatments including blue (B; 400–500 nm), white [W; 41% blue (400–500 nm), 39% intermediate (500–600 nm), and 
20% red (600–700 nm)], red and blue [RB; red (80%) and blue (20%)], red (R; 600–700 nm), Red-Blue-Far-red [RBF; 70% R, 20% B, and 10% 
F] and photoperiods (0 [darkness], 8 and 16 h) on various explant and tuberization characteristics in potato. Means with at least one common letter 
did not exhibit significant differences from one another
Light Photoperiod 

(h)
FW Explant
(mg)

Microtuber 
diameter
(mm)

Tuberization 
percent
(%)

Tuberization 
degree

Microtuber number 
vessel− 1

Blue 8 46.8 cd 2.29 de 48 f 2.93 bc 2.4 ef
16 49.5 c 2.86 bc 84 b 4 a 4.73 b

White 8 40.3 e 2.43 bcde 50.6 ef 2.27 c 2.54 e
16 57.9 b 2.74 bcd 76 c 2.5 c 3.71 c

Red-Blue 8 33.1 f 2.34 cde 44.6 g 2.38 c 2.6 e
16 47.5 cd 2.91 b 52 e 2.45 c 3.93 c

Red-Blue-Far Red 8 42.3 de 2.27 de 51.9 e 2.84 bc 2.64 e
16 71.1 a 3.85 a 90 a 4 a 5.46 a

Red 8 46 cde 1.93 e 41 h 2.33 c 2 f
16 48.8 c 2.52 bcd 64 d 2.5 c 3.15 d

Darkness 0 23 f 2.73 bcd 73 c 3.38 ab 3.7 c

Table 3  The analysis of variance (ANOVA) was conducted to examine various parameters in potato, including tuber fresh and dry weight, yield 
fresh and dry weight, starch, sugar, and proteins. The statistical significance was determined using different levels of significance: * indicating P 
< 0.01, ** indicating P < 0.001, *** indicating P < 0.0001, and ns indicating non-significant results
Source of variance df Microtuber 

(FW)
Microtuber 
(DW)

Yield (FW) Yield (DW) Starch Sugar Pro-
teins

Light (L) 5 573.1 *** 33.97 *** 17457.1 *** 698.2 *** 13.98 *** 5.35 ** 1.9 
***

Photoperiod (P) 1 1512.7 *** 69.21 *** 91222.7 *** 3648.9 *** 30.2 *** 21.07 *** 3.68 
***

L × P 4 115.2 *** 9.09 *** 9281 *** 371.2 *** 0.69 ns 1.98 * 0.11 
***

1 3
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treatment and photoperiod did not yield a significant effect 
on the accumulation of starch in the microtubers (Table 3).

The impact of photoperiod on sugar accumulation was 
found to be dependent on the quality of light, as evidenced 
by the results in Table 4. Red light was determined to be the 
most effective in promoting the accumulation of sugar by 
35% in potato microtubers at 16 h photoperiod. Moreover, 
in comparison to the control (W), the R light led to an aug-
mentation in the accumulation of sugar, attaining a rise of 
20% at 16 h photoperiod (Table 4).

According to the findings presented in Table  4, both 
the light treatment and photoperiod presented a significant 
impact on the protein content of the microtubers. Across all 
light treatments, there was a significant increase in protein 
content when the photoperiod was extended to 16 h. Nota-
bly, RB light exhibited a 52% improvement, while RBF 
light showed an even greater improvement of 65% when the 
photoperiod was extended. The highest protein content of 
3.3 (mg g FW− 1) was observed in B and RBF at 16 h pho-
toperiod. In comparison to W (control), B and RBF resulted 

resulted in an increase in yield (FW) when the photope-
riod was extended to 16 h. The greatest improvement was 
observed in B (324%) and RBF (235%). In both photope-
riods, RBF increased the yield (FW) by 65% and 227% in 
comparison to W at 8 and 16  h photoperiod, respectively 
(Fig.  3  C). The yield (DW) showed similar trends as the 
yield (FW). Extending the photoperiod to 16 h resulted in 
a 324% and 232% increase in yield (DW) in B and RBF, 
respectively. The highest yield (DW) was achieved in RBF 
at 16 h photoperiod with 64.11 mg DW vessel-1 (Fig. 3D).

Biochemical properties

The data presented in Table 3 revealed that the influence of 
light treatment and the photoperiod as well as the interaction 
between light treatment and photoperiod exert a substantial 
statistically significant impact on sucrose and protein con-
tent of the induced microtubers (Table 3). In the realm of 
starch, light treatment and photoperiod exhibited a statisti-
cally significant impact on the accumulation of starch in the 
induced microtubers. However, the interaction between light 

Fig. 3  Effect of light treatments including blue (B; 400–500 nm), white 
[W; 41% blue (400–500 nm), 39% intermediate (500–600 nm), and 
20% red (600–700 nm)], red and blue [RB; red (80%) and blue (20%)], 
red (R; 600–700 nm), Red-Blue-Far-red [RBF; 70% R, 20% B, and 

10% F] and photoperiods (0 [darkness], 8 and 16  h) on microtuber 
fresh weight (A), dry weight (B), yield (fresh weight) (C) and yield 
(dry weight) (D) in potato in vitro microtuberzation
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nitrogen availability, growth regulators (PGRs), genetic 
makeup, nutrient availability, photoperiodic cycles, temper-
ature, explant source, potato cultivar, and sucrose concen-
tration (Ramawat and Merillon 2013). In vitro tuberization 
of nodal explants was found to vary depending on expo-
sure to different LED lights, which led to the exploration of 
the pathway reliant upon the light involved in tuberization 
(Jiang et al. 2019). The photoperiodic response holds sig-
nificant importance for plants in perceiving environmental 
symptoms and plays a crucial role in their development, 
particularly in regulating tuber formation (Sivakumar et al. 
2006). In the context of potato plants, phytochromes serve 
as the primary photoreceptors for sensing day-length, with 
phytochromes B and F playing pivotal roles in the modula-
tion of photoperiodic tuberization through the regulation of 
the CO-FT pathway. The perception of day length by pho-
toreceptors in leaves is followed by the transportation of 
signals to subterranean stolons, which in turn triggers tuber 
initiation (Ai et al. 2021). It has been reported that there 
exists a close relationship between the formation of tubers 
and the presence of gibberellic acid (GA3) and abscisic acid 

in a 27% increase in protein content at 16  h photoperiod 
(Table 4).

The microtubers induced under W light demonstrated the 
highest starch content, measuring at 20.68 (mg g FW− 1), 
while the microtubers induced under RBF displayed the 
lowest starch content, recording a value of 19.17 (mg g FW− 

1). Additionally, the microtubers induced under a 16 h pho-
toperiod exhibited the greatest quantity of starch content, 
reaching 20.95 (mg g FW− 1) (Fig. 4).

Discussion

The activity of plant life is stimulated by environmental 
signals in the form of light wavelengths. Furthermore, the 
quantity of light of varying wavelengths, acting as primary 
sources of energy, exerts a significant impact on photosyn-
thesis, which ultimately leads to alterations in plant growth 
(Yang et al. 2021). The process of tuberization is a multi-
faceted physiological phenomenon that is regulated by a 
multitude of factors, including environmental conditions, 

Table 4  Effect of light treatments including blue (B; 400–500 nm), white [W; 41% blue (400–500 nm), 39% intermediate (500–600 nm), and 
20% red (600–700 nm)], red and blue [RB; red (80%) and blue (20%)], red (R; 600–700 nm), Red-Blue-Far-red [RBF; 70% R, 20% B, and 10% 
F] and photoperiods (0 [darkness], 8 and 16 h) on biochemical traits in potato. Means with at least one identical letter are not significant different 
from each other
Light Photoperiod (h) Sugar (mg g FW− 1) Protein (mg g FW− 1)
Blue 8 7.1 cd 2.5 bcd

16 9.3 abc 3.3 a
White 8 8.1 bcd 2.3 d

16 9.2 abc 2.6 bc
Red-Blue 8 8 bcd 1.7 f

16 10.1 ab 2.6 bc
Red-Blue-Far Red 8 8.1 bcd 2 e

16 8.3 bcd 3.3 a
Red 8 8.2 bcd 2.3 d

16 11.1 a 2.82 b
Darkness - 6.2 d 0.8 g

Fig. 4  Effect of light treatments including blue (B; 400–500 nm), white 
[W; 41% blue (400–500 nm), 39% intermediate (500–600 nm), and 
20% red (600–700 nm)], red and blue [RB; red (80%) and blue (20%)], 

red (R; 600–700 nm), Red-Blue-Far-red [RBF; 70% R, 20% B, and 
10% F] (A) and photoperiod (0 [darkness], 8 and 16 h) (B) on micro-
tuber starch content
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(control) at 16 h photoperiod. Furthermore, it was observed 
that the application of W light alleviated the accumulation of 
starch by 8% and 36% when compared to RBF and darkness 
respectively. The presence of sugar in microtuber exposed 
to red (R) light was found to be 21% higher in comparison 
to the W light at 16 h photoperiod. The regulation of starch, 
protein and sugar are important factors in determining the 
growth of tuber tissues in potato plants. The significance of 
light quality in this process has been recognized (Kang et 
al. 2013). For instance, it has been reported that blue light 
induces sugar and starch contents in potato tubers under in 
vitro conditions (Chen et al. 2020). Additionally, exposure 
to RBF at longer photoperiod increased the accumulation of 
protein content (65%) in the microtuber tissues. B and RBF 
produced the highest amount of protein (3.3  mg g FW-1) 
when the photoperiod extended to 16  h. On the contrary, 
the microtubers exhibited the greatest quantity of sugar 
(11.1  mg g FW-1) when exposed to R light under a 16  h 
photoperiod, resulting in a 35% increase in sugar content 
with the extension of the photoperiod to 16 h. These find-
ings are in line with previous research that has demonstrated 
an enhanced biosynthesis of soluble sugar content under R 
light (Pundir et al. 2021).

Conclusion

Microtuber production plays a crucial role in the contamina-
tion losses, multiplication, and yield of potatoes. The pres-
ent study aimed to evaluate the impact of photoperiod and 
light quality on potato (Solanum tuberosum cv. Sante). The 
findings of this research indicate that incorporating a far 
red fraction into a RB light significantly improves the fresh 
and dry weight of microtubers, as well as tuberization traits 
and protein accumulation in comparison with the other light 
regimes. This effect is particularly pronounced when the 
potatoes are exposed to an extended photoperiod. In sum-
mary, the inclusion of a far red fraction in the light spectrum 
can greatly enhance various aspects of microtuber develop-
ment and yield in potato cultivation. A more in-depth com-
prehension of the complex molecular pathways affected by 
the far-red spectrum is necessary in order to elucidate the 
mechanisms by which it enhances in vitro microtuberzation 
in potatoes.
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(ABA) (Xu et al. 1998). Additionally, it has been observed 
that the inhibition of tuber formation is a direct result of the 
presence of GA3 (Martínez-García et al. 2001). The findings 
of our investigation indicate that the potato tuberization in 
vitro is influenced by both the light source and day length. 
Of the various light regimes tested, the RBF at a 16 h photo-
period resulted in the highest values for several parameters, 
including fresh weight (FW) explant, FW microtuber, dry 
weight (DW) microtuber, microtuber diameter, tuberization 
degree, tuberization percentage, number of tubers vessel-1, 
and yield vessel-1 (FW and DW). However, the incorporation 
of the far-red wavelength in a combination of red and blue 
light spectra significantly enhanced both the tuberization 
percentage and tuberization degree, resulting in a 73% and 
43% increase, respectively when the photoperiod extended 
to 16 h. The tuberization percentage was notably enhanced 
by extending the photoperiod across all light regimes. How-
ever, it was observed that light regimes B (75%) and RBF 
(73%) exhibited a more pronounced response to the exten-
sion of day length. The extension of photoperiod has led to 
a significant enhancement in the majority of the measured 
variables. Furthermore, adding far red to RB spectrum 
(RBF) led to notable improvements in various parameters 
including explant fresh weight (50%), tuber number (39%), 
as well as microtuber fresh (45%) and dry (86%) weight, 
when compared to the RB at 16 h photoperiod. Furthermore, 
it was noted that the explants exposed to the RBF spectra 
demonstrated a significant rise in the percentage of tuber-
ization (18%) and the fresh weight of the explants (23%). 
Moreover, there was a notable increase in the diameter of 
microtubers (40%), tuberization degree (60%), the fresh 
weight of microtubers (121%), the dry weight of microtu-
bers (166%), yield fresh and dry weight (227%) and the 
number of microtubers (47%) when compared to the control 
(W) at 16 h photoperiod. The inhibitory effect of gibberel-
lins on tuber formation in potato has been observed (Melis 
and van Staden 1984; Xu et al. 1998). This effect is elicited 
through the application of exogenous gibberellins, which 
hinder tuber formation (Vreugdenhil and Sergeeva 1999). 
Specifically, exogenous GA4/7 has been shown to promote 
stolon elongation and inhibit tuber formation, while exoge-
nous ABA stimulates tuberization and reduces stolon length 
(Xu et al. 1998). Far-red light has the capacity to impede the 
biosynthesis of gibberellin hormones, which are crucial for 
plant growth (Li et al. 2020). The precise mechanism under-
lying the inhibition of gibberellin biosynthesis by far-red 
light remains incompletely elucidated, but it is hypothesized 
to involve the modulation of gene expression and enzymatic 
activity within the biosynthetic pathway (Sun et al. 2023).

Based on our results, the addition of far-red to a red-blue 
spectrum (RBF) and blue (B) light resulted in a noteworthy 
increase of 27% in protein content when compared to the W 
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