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ABSTRACT

Microtuber production through tissue culture offers an effective solution for producing high-quality, disease-free potato seed
tubers. This study investigates the effects of light treatment and sucrose concentration on microtuber production in red and
Granola potato varieties. The research was conducted at the Tissue Culture Laboratory of PT. G10 Agrotechnology in Medan,
North Sumatra. The treatments applied were lighting regulation (bright with 1000 lux LED lighting for 24 hr vs. total darkness
(O lux, culture bottles wrapped with aluminum foil) in the incubation room and different sucrose concentrations (80, 100 & 120
g/L) added to the MS (Murashige & Skoog) basic medium. This research used a Completely Randomized Design method with
5 replications. Data were analyzed using ANOVA. Results showed that bright light treatment and 80 g/L sucrose concentration
provided the best results for Granola and red potato plantlet growth from 14 to 70 days after planting. For the number, weight,
and diameter of microtubers, the combination of dark light treatment and 120 g/L sucrose concentration produced the highest
average values for both Granola and red potatoes. Overall, the growth and production of Granola potatoes were higher than
those of red potatoes in every parameter. The results of this research can be used as a reference for producing red potato and
Granola microtubers through tissue culture.
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INTRODUCTION

The demand for potatoes, particularly Granola and red varieties, continues to increase for both fresh consumption and processed
products, creating significant opportunities to enhance potato production in Indonesia (Bueno da Silva et al., 2024). However,
productivity remains constrained by major cultivation challenges, notably the limited availability of high-quality seed tubers
and persistent pest and disease pressures (Taylor et al., 2021; Sadawarti et al., 2023). The shortage of certified potato seeds
forces farmers to rely on farmer-saved seed tubers, which are prone to degeneration and disease accumulation, while climate
anomalies further exacerbate yield instability by affecting plant growth (Saptana et al., 2022).

The limited supply of quality potato seeds is largely attributed to slow propagation rates and the high risk of seed-borne
diseases that significantly reduce yield potential (Tessema et al., 2023). In vitro culture techniques offer an effective solution for
producing disease-free planting materials, particularly through meristem tip culture, which enables rapid multiplication under
controlled and aseptic conditions (Sawicka et al., 2021; Bettoni et al., 2022). Among in vitro approaches, microtuber production
is especially advantageous due to its short production cycle and suitability for seed systems, although its success is strongly
influenced by environmental conditions and growth regulators, including carbohydrate sources such as sucrose and tuberization-
related compounds (Paul et al., 2022; Mohamed & Girgis, 2023; Sharde et al., 2024, Vishal et al., 2025). Despite extensive
research on microtuber production, optimization of light conditions and sucrose concentrations remains a critical knowledge gap,
particularly for red and Granola potato varieties. Previous studies have examined individual factors, but the interactive effects of
lighting and sucrose concentration on these specific varieties have not been systematically investigated. Therefore, this research
aims to determine the optimal combination of light exposure (bright vs. dark conditions) and sucrose concentration (80, 100 &
120 g/L) for maximizing growth and microtuber production in red and Granola potato varieties through in vitro culture, providing
valuable insights for improving seed potato production systems. The two potato varieties studied differ in key morphological
characteristics. Red potato is characterized by red-violet flowers, red skin color, dark yellow flesh, and long-oval tuber shape,
while Granola potato features blue-violet flowers, yellow skin and flesh, and shortened-oval tuber shape.
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MATERIALS AND METHODS

Materials

The research was carried out from March to August 2024 at the Tissue Culture Laboratory of PT. Ganesha 10 Agrotechnology.
Materials used in this research included: 4-month-old red potato and Granola plantlets, and Murashige and Skoog (MS) media
for growing media. The shoot explants were obtained from the potato plantlets that had been grown previously in the Tissue
Culture Laboratory of PT. Ganesha 10 Agrotechnology. The research stages included media preparation, equipment and material
preparation (potato explants), explant planting, incubation, observation, and analysis (Warnita et al., 2021; Mohamed & Girgis,
2023).

Equipment and material preparation

Equipment and material preparation were carried out by preparing the tools and materials used. Equipment preparation
included sterilizing tools using an autoclave at a temperature of 121°C. Material preparation involved preparing explants and
other materials (Sembiring et al., 2021).

Media preparation

Media preparation was carried out using MS medium with the addition of agar for planting explants and different sucrose
modifications, including 80, 100, and 120 g/L. The pH was adjusted to 5.8; if pH<5.8, a few drops of 1 N NaOH were added, and
if pH>6, a few drops of 1 N HCI were added. Subsequently, the media was heated until boiling. Before pouring into bottles, 25 mL
of solution was poured into each bottle, then covered with plastic and secured with rubber bands. The media were then sterilized
in an autoclave at 121°C. Afterward, the media was stored in the incubation room (Sembiring et al., 2021; Astarini et al., 2021).

Explant transplanting

The potato shoot explants were removed from the bottles using tweezers by cutting them into a size of about 0.2 - 0.5
cm. Thereafter, the cutting explants were transplanted to the new medium according to the treatments, with 6 shoot explants
cultivated in each bottle. (Astarini ef al., 2021).

Incubation

The culture bottles containing planted explants were placed on incubation racks and arranged according to the existing
treatment design. The culture incubation room temperature was maintained at 25 + 2°C with humidity around 70% and light
intensity of 1000 lux for 24 hr each day (Sembiring et al., 2021; Astarini et al., 2021).

Experimental design and data analysis
The experimental design used was a two-factor Completely Randomized Design (CRD) (Warnita et al., 2021). The first
factor was lighting, and the second factor was sucrose concentration, with details in Table 1:

Table 1. The light intensity and the concentration of sucrose that were applied in the experiment

Light Sucrose Treatment
Light treatment Sucrose concentration (g/L)

P1 S1 Dark 80

S2 Dark 100

S3 Dark 120
P2 S1 Bright 80

S2 Bright 100

S3 Bright 120

Note: P = light treatment, S = sucrose treatment

All treatments were incubated at a temperature of 25 + 2°C. Treatments were repeated 5 times, and each replication
consisted of 6 explants. The results of this research were followed by a two-way factorial analysis of variance (ANOVA). Before
ANOVA, data were tested for normality using the Shapiro-Wilk test and homogeneity of variance using Levene’s test to ensure
assumptions were met. When significant differences were detected (p<0.05), multiple comparisons were performed using
Tukey’s Honestly Significant Difference (HSD) post-hoc test. All statistical analyses were conducted using SPSS version 25.0
software with a significance level of a = 5% (Warnita et al., 2021; Sembiring et al., 2021; Astarini et al., 2021).

RESULTS

Plant height

Plant height was measured at 14, 28, 42, 56, and 70 days after planting. Table 2 and Figure 1 demonstrate that lighting
treatments and sucrose concentrations applied to potato cultures, for both Granola and Red potato varieties, exhibited significant
effects on plantlet height at 14 and 70 days after planting across both cultivars. However, observations conducted at 28, 42,
and 56 days after planting revealed no statistically significant treatment effects on plant height for either Granola or Red potato
varieties.
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Table 2. Effect of sucrose concentration and lighting on mean plant height (cm) at 14, 28, 42, 56, and 70 days after planting (DAP)
Mean plant height (cm)

Treatment 14 DAP 28 DAP 42 DAP 56 DAP 70 DAP
G M G M G M G M G M

P1S1 1.91bc 1.720¢ 3.87 3.76 5.53 5.44 6.59 6.49 7.85° 7.76°
P1S2 0.82% 0.75% 2.1 2.03 2.83 2.76 3.95 3.86 4.87% 4.78%
P1S3 0.612 0.53° 1.29 1.18 1.75 1.66 2.21 2.15 2.78 2.69°
P2S1 6.83 6.741 8.95 8.84 9.65 9.55 10.25 10.13 10.57¢ 10.57¢
P2S2 3.32¢¢ 3.21¢ 6.64 6.55 8.51 8.41 9.38 9.27 9.83¢de 9.83¢de
P2S3 2.67% 2.55% 5.49 5.36 7.13 7.05 7.81 7.74 8.15% 8.15%

Note: G: Granola Potato; M: Red Potato. Values followed by different letters within the same column indicate significantly different effects according to HSD analysis
at a=5%. Values without letters indicate no significant differences based on ANOVA at a=5%

(a) 14 DAP (b) 28 DAP (c) 42DAP (d) 56DAP  (e)70 DAP

Granola potato

—— _—

¥

(a) 14 DAP (b) 28 DAP (c) 42DAP (d) 56DAP  (e)70 DAP

Red potato
Fig. 1. Plant height increment at 14, 28, 42, 56, and 70 days after planting in granola and red potato cultures

Potato microtuber quantity

Analysis of potato microtuber quantity data is presented in Table 3. The results indicate that the highest mean microtuber
count was observed in treatments combining dark conditions with 120 g/L sucrose concentration (P1S3), yielding 9 microtubers
in Granola potato and 7 microtubers in red potato cultivars. However, statistical analysis revealed no significant effects of the
lighting and sucrose concentration treatment combinations on mean microtuber production across both cultivars.

Table 3. Effect of sucrose concentration and lighting on the mean number of potato microtubers at 70 days after planting
Mean number of potato microtubers

Treatment

Granola Red
P1S1 6 5
P1S2 6 6
P1S3 9 7
P2S1 7 5
P2S2 7 4
P2S3 6 5

Values followed by different letters within the same column indicate significantly different effects according to HSD analysis at a=5%. Values without letters indicate
no significant differences based on ANOVA at a=5%

Potato microtuber weight

Observational data regarding the mean potato microtuber weight are presented in Table 4. The combination treatment of
dark conditions and 120 g/L sucrose concentration (P1S3) exhibited the highest mean microtuber weight values, specifically
12 g for Granola potato and 8.5 g for red potato. Conversely, the combination treatment of dark conditions and 80 g/L sucrose
concentration demonstrated the lowest values at 6 g for both Granola and Red potato varieties.
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Table 4. Effect of sucrose concentration and lighting on mean potato microtuber weight (g) at 70 days after planting

Treatment Mean potato microtuber weight (g)

Granola Red
P181 7.3 6.8
P1S2 7.2 74
P1S3 12.0 8.5
P2S1 8.6 6.9
pP2S2 8.2 6
P2S3 6.0 6.4

Values followed by different letters within the same column indicate significantly different effects according to HSD analysis at a=5%. Values without letters indicate
no significant differences based on ANOVA at a=5%

Potato microtuber diameter

Observational results regarding potato microtuber diameter are presented in Table 5. Table 5 demonstrates that the
combination treatment of dark conditions and 120 g/L sucrose concentration (P1S3) produced the largest mean microtuber
diameter, measuring 0.95 cm for Granola potato and 0.85 cm for red potato. Conversely, the combination treatment of light
conditions and 120 g/L sucrose concentration (P2S3) exhibited the smallest mean microtuber diameter values, specifically 0.55
cm for Granola and 0.58 cm for red potato.

Table 5. Effect of sucrose concentration and lighting on mean potato microtuber diameter (cm) at 70 days after planting

Treatment Mean potato microtuber diameter (cm)

Granola Red
P181 0.70 0.65
P1S2 0.73 0.72
P1S3 0.95 0.85
P2S1 0.84 0.64
pP2S2 0.78 0.55
P2S3 0.55 0.58

alues followed by different letters within the same column indicate significantly different effects according to HSD analysis at a=5%. Values without letters indicate no
significant differences based on ANOVA at a=5%

DISCUSSION

The growth patterns of Red and Granola potato microtubers were relatively similar, though Granola potato consistently
demonstrated higher values across all measured characteristics. Detailed morphological characteristics of both varieties used in
this study are presented in Figures 2 and 3 to provide a complete characterization of the experimental materials.

Meanwhile, from the research data obtained, it can be concluded that the growth patterns of Red and Granola potato
microtubers are relatively similar. However, for the measured characteristics, the granola potato consistently demonstrated
higher values than the red potato. Regarding plant height observations, the treatment combination that generally yielded the
highest results was bright light conditions with 80 g/L sucrose concentration in the basal medium (P2S1). This is evident in Table
2 data, which indicates that the P2S1 treatment combination produced greater height development compared to other treatment
combinations. These differences in plant height may be influenced by the sucrose concentration present in the medium (Astarini
et al., 2021; Diningrat et al., 2024). Appropriate sucrose concentrations can stimulate plantlet growth processes, whereas
excessively high concentrations may inhibit growth (Zeid et al., 2022; Singh et al., 2023).

The addition of sucrose concentration in tissue culture basal media serves as a carbon source (Melyan et al., 2025).
Appropriate sucrose concentration facilitates plant assimilation processes and converts starch substances into energy sources
for growth (Long et al., 2024). Higher sucrose concentrations in basal media result in decreased shoot numbers, internode
length, node quantity, and overall plant height (Singh et al., 2023; Long et al., 2024). This phenomenon is attributed to sucrose's
influence on the osmotic pressure of the medium, which affects the absorption of other essential nutrients by the plant (Long et
al., 2024; Melyan et al., 2025).

The sucrose concentration and light exposure influence plant development (Dogramaci et al., 2024). Decreased light
intensity can result in excessive etiolation or shoot elongation due to the presence of gibberellin in plants (El-Yazied et al., 2022;
Dogramaci et al., 2024). Additionally, the intensity, quality, and duration of light exposure affect potato (Solanum tuberosum)
microtuber production (El-Yazied et al., 2022; Dogramaci et al., 2024; Melyan et al., 2025). Conversely, dark periods influence
the total carbohydrates utilized for respiration in these plants (Singh et al., 2023; Dogramaci et al., 2024).

Results indicate that the combination of light exposure and sucrose concentration in potato tissue culture basal media did
not increase microtuber production. Sucrose, as a carbohydrate source for plants, is essential for photosynthesis maintenance
and energy provision (Astarini et al., 2021; Singh et al., 2023; Long et al., 2024). However, the addition of inappropriate sucrose
concentrations to tissue culture media adversely affects potato microtuber formation (Singh et al., 2023; Long et al., 2024).

The excessively high sucrose levels can increase the risk of abnormal organ formation in potato plantlets (Zeid et al.,
2022). Furthermore, inappropriate sucrose concentrations may enhance nodule or shoot growth, consequently decreasing
potato microtuber formation (Warnita et al., 2021; Singh et al., 2023). Organized in vitro plant tissue growth generally does not
experience light-induced inhibition; rather, light is often required for optimal results (Diningrat et al., 2024; El-Yazied et al., 2022).
Under optimal light conditions, in vitro plants utilize light for morphogenesis processes (El-Yazied et al., 2022; Dogramaci et al.,
2024). However, under light-deficient conditions, plants reduce carbohydrate utilization, resulting in carbohydrate accumulation
and subsequent microtuber formation in potato plants (Valencia-Lozano et al., 2022; Di et al., 2024).
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Analysis of variance yielded non-significant differences for microtuber quantity and microtuber weight variables, indicating
that the combination of light/dark exposure treatments and varying sucrose concentrations in potato tissue culture basal media
did not significantly impact microtuber production in this study. Several factors may explain these non-significant results. First,
the culture duration of 70 days may have been insufficient for microtuber maturation, as some studies suggest longer incubation
periods enhance microtuber development. Second, the explant size and physiological state could have influenced the uniformity
of responses across treatments. Third, genotype-specific responses to environmental conditions may require cultivar-specific
optimization protocols. These findings highlight the complexity of microtuber induction and suggest that future research should
investigate extended culture durations, additional sucrose concentration ranges, and the molecular mechanisms underlying
variety-specific responses to light and carbohydrate availability.

Genotype
Characterization Granola Red
Leaf
Flower
Tuber

Fig. 2. Comparative morphological characteristics of granola and red potato varieties
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(a) Granola (b) Red

Fig. 3. Comparative morphological characteristics of plantlet granola and red potato varieties

The mean diameter values of potato microtubers showed no significant differences according to the analysis of variance;
however, the observational values revealed different mean values. Varying sucrose concentrations substantially influence potato
microtuber formation in tissue culture, as microtubers represent food reserves in in vitro potato plants. Potato microtubers form
when energy requirements derived from sucrose exceed photosynthesis rates, causing excess sucrose to stimulate starch
synthesis and microtuber formation (Dogramaci et al., 2024; Melyan et al., 2025).

CONCLUSION

The results demonstrate that light exposure and sucrose concentration significantly affected plant height but not microtuber
characteristics. Future research should investigate longer culture durations, additional sucrose concentrations, and the molecular
mechanisms underlying genotype-specific responses to optimize microtuber production. A sucrose concentration of 80 g/L under
bright light conditions provided the best results for potato plantlet growth from 14 to 70 days after planting. Observational data
indicated no significant differences in microtuber quantity, weight, and diameter based on analysis of variance. However, the
mean values obtained showed varying results. For microtuber quantity, weight, and diameter observations, the combination of
dark light exposure and 120 g/L sucrose concentration yielded the highest mean values.
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