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Abstract

The present study evaluates the physiological response and multiplication efficiency of Solanum tuberosum L.
microshoots under varying concentrations of plant growth regulators during in vitro culture. The effects of
Indole-3-acetic acid (IAA) and Gibberellic acid (GA3), applied individually and in combination, were assessed
with respect to shoot elongation, nodal proliferation, and biomass accumulation. Particular emphasis was
placed on wunderstanding the synergistic interaction between these phytohormones in enhancing
micropropagation efficiency.

Results demonstrated that specific concentrations of IAA and GA3 significantly influenced growth parameters,
with combined treatments exhibiting a pronounced synergistic effect compared to individual applications.
Enhanced internode elongation, increased nodal development, and improved root initiation were observed
under optimized hormonal conditions. Additionally, the study highlights the role of these growth regulators in
accelerating dormancy break and promoting sprout development, which are critical for efficient seed tuber
production.

Overall, the findings indicate that the synergistic application of GA3 and IAA provides an effective strategy for
improving in vitro clonal propagation of potato. This approach can be employed to facilitate large-scale
production of uniform, healthy plantlets, thereby supporting sustainable seed production systems and
agricultural productivity.
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I.  Introduction

The use of in vitro propagation techniques, particularly those utilizing growth regulators like
gibberellins, has become a standard approach for the rapid multiplication of high-quality, virus-free potato seed
stock (Mohapatra & Batra, 2017). These growth regulators, such as GA3 and IBA, play a critical role in
modulating physiological processes including node formation, shoot elongation, and root development (Kumari,
2023). Furthermore, the precise optimization of these hormonal concentrations in Murashige and Skoog media
remains essential for enhancing the survival rates and overall biomass accumulation of diverse potato cultivars
(Makau et al., 2022). Additionally, the synergistic application of auxins like indole-3-acetic acid in combination
with benzylaminopurine has proven effective in maximizing multiple shoot production during the
micropropagation phase (Jos¢ & Sivaprasad, 2025). Moreover, studies investigating the interaction between
gibberellic acid and synthetic auxins such as indole-3-butyric acid have demonstrated significant improvements
in the uniformity of shoot proliferation and subsequent rhizogenesis in specific potato cultivars (Kumari, 2023).
Beyond hormonal optimization, recent inquiries have explored the integration of bio-organic amendments, such
as mycorrhiza and vermicompost, as sustainable strategies to further enhance nutrient uptake and tuberization
efficiency (Boubaker et al., 2023). In hydroponics use of plant tissue culture plantlets offers a viable pathway to
circumvent land limitations and high costs associated with traditional soil-based seed propagation (Nasution et
al., 2025). These advancements in micropropagation methodologies, specifically the standardization of sucrose
and gibberellic acid concentrations, are particularly vital for scaling the production of resilient local potato
varieties in emerging agricultural sectors (Makau et al., 2022). In the present study, we investigate the distinct
physiological responses of widely cultivated potato variety to varying concentrations of gibberellic acid and
indole-3-acetic acid to determine the optimal hormonal balance for accelerating shoot development and
enhancing root biomass under controlled in vitro conditions (Stupko & Lugovtsova, 2023), (Abdella et al.,
2023).
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II. Methodology:-
Plant collection:-
In this study, potato plants (Solanum tuberosum L.) were propagated via plant tissue culture to obtain disease-
free plantlets for use in an aeroponic system for minituber production. To initiate the process, potato tubers were
collected and used for tissue culture.

Preparation of tuber for inoculation :-

Healthy tubers were first washed three times with sterile distilled water and then surface-sterilized with 70%
ethyl alcohol for 4 minutes, followed by three additional washes with distilled water. The tubers were
subsequently treated with 0.1% HgCl, for 2 minutes with vigorous shaking and then washed again with sterile
distilled water to yield surface-sterilized tubers, which were transferred to the plant tissue culture medium.

Preparation of tuber germination media:-

Since plant tissue culture provides the healthiest and disease-free plantlets for potato planting, tubers were used
as a germination source for shoot and root induction in plant tissue culture medium with the nutrient
composition given below.

The medium contained plant growth regulators, namely indole acetic acid and gibberellic acid, which were
tested for successful plantlet germination using tubers as explants.

During media preparation, 1 N NaOH was used to adjust the pH to 5.8. Additionally, 0.2% (w/v) phytagel was
used as a solidifying agent. The solution was then heated in a microwave oven before being dispensed into tubes
and autoclaved for 15 minutes at 121°C and 15 psi pressure. The tubes were allowed to cool and solidify before
inoculating the tubers.

Plant tissue culture conditions:-

Once the tubers were successfully transferred to the culture medium, the light intensity in the lab was
maintained at 3000 lux and the temperature was set at 26 £ 1°C. During maintenance, the photoperiod was set to
16 hours of light and 8 hours of dark.

Transplanting of plantlets to polyhouse:-

Upon successful plantlet germination, the plantlets were carefully separated from the half MS medium without
damaging their roots. These plantlets were then transferred to pots filled with moist cocopeat and covered with
transparent polythene bags to maintain necessary moisture and prevent external infection. The pots were
subsequently transferred to the polyhouse for hardening. After 10 days of hardening, the plantlets were washed
with water to remove cocopeat traces and transferred to the net pods of the aeroponics system for survival
screening.

I11. Result And Discussion:-
Collection of Potato tubers and surface sterilization:-

In this study, disease-free potato plantlets were germinated using half MS medium supplemented with
plant growth regulators, namely IAA and GA3. Initially, healthy potato tubers were collected. These were
successfully surface-sterilized first with 70% ethyl alcohol for 4 minutes, followed by 0.1% HgCl, for 2 minutes
(Fig. 1). This sterilization procedure effectively eliminated microbial contaminants, ensuring that the subsequent
inoculation of nodal explants into the Murashige and Skoog medium remained axenic (Omar, 2017). The use of
given sterliants facilitated a sterile initiation process, similar to protocols utilizing 0.1% HgCl, for surface
sterilization of primary explants (Borna et al., 2019).
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Potato having tubers Tuber collection After Surface sterilization

Fig. 1 : Process of potato tuber collection, sorting and surface sterilisation

Shoot and Root induction of half MS media:-

Upon transferring potato tubers to half MS medium supplemented with sucrose, IAA, and GA3,
positive effects on shoot and root induction were observed using potato tuber explants. A photoperiod of 16
hours light and 8 hours dark at 26 + 1°C proved promising with this supplemented half MS medium.

Maintenance studies recorded initial shoot induction at 7-10 days and root induction by 10-14 days
under tissue culture conditions. Well-developed plantlets were ready by the 20%-25" day and transplanted into
cocopeat by the 28%-30" day (Fig.2). Following this acclimatization period, plantlets with well-proliferated
roots were suitable for transfer to the acroponic unit, where environmental parameters such as temperature and
nutrient delivery could be precisely controlled (Borna et al., 2019; Miriam et al., 2018). The use of IAA, and
GA3 significantly enhanced the vegetative growth phase and subsequent stolon development, which is critical
for maximizing minituber yield within the closed aeroponic environment (Bharath & B, 2024). Here sucrose
served as the primary carbon source at a concentration of 30 g/l, providing the necessary energy for cellular
metabolism and robust plantlet development (Buckseth et al., 2020). Furthermore, the integration of such
controlled micropropagation techniques is essential for the subsequent mass production of high-quality

propagules in specialized aeroponic systems (Tang et al., 2024).

Shoot induction on tubers Shoot elongation Development of root and
shoot
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Well-developed plantlets

Fig 2: Plant tissue culture used to generate seedling from the potato showing the stages of shoot
induction, elongation and development of shoot and root

Hardening of potato plantlets:-

The plantlets were successfully transferred to cocopeat and, with proper bagging, hardened without any
traces of acclimatization issues. By the 12% day of acclimatization, they were ready for transplanting to the
aeroponics system for disease-free potato seed production (Fig. 3 and Fig. 4). This approach ensures a high
survival rate of the plantlets upon transition to the controlled environment, as consistent moisture and nutrient
management are vital for successful establishment (Kulus & Tymoszuk, 2024), (Kafle et al., 2023).
Furthermore, the implementation of an aeroponic growth chamber facilitates optimal root development and
tuber initiation, significantly increasing the yield of virus-free seed potatoes (Buckseth et al., 2020). Hence use
of hardened plants serves as a robust foundation for achieving higher uniformity in minituber production while
mitigating the risk of pathogen transmission during the transition to soil-free cultivation (Toma, 2022).

Hardening of in vitro grown plantlets
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After hardening 6 days
Fig. 3: Hardening of the plant upon 6" day
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furhter process

Growth performance of tissue culture plantlets for potato seed production:-

The tissue-cultured plantlets, previously hardened in the polyhouse, were successfully transferred to the
aeroponics system, where they grew well and produced potato seeds by 75 to 90 days, as shown in the setup and
techniques used (Fig. 5). Quantitative analysis revealed that these aeroponically grown plantlets exhibited
superior tuberization metrics compared to traditional soil-based cultivation, largely due to the precise delivery of
nutrient solutions (Abuhena et al., 2022). Use of plant tissue culture plants facilitates the rapid generation of
healthy, disease-free materials that serve as an ideal foundation for high-density aeroponic production
(Sadawarti et al., 2020). Earlier also studies have demonstrated that utilizing microplants for seed production
systems under insect-proof net house conditions provides a secure pathway for mass multiplication prior to
aeroponic transfer (Sadawarti et al., 2020). By optimizing root zone aeration and maintaining independence
from seasonal constraints, this aeroponic integration maximizes the yield of high-quality minitubers while
significantly reducing pathogen exposure compared to conventional soil-based methods (Buckseth et al., 2022;
Sugiyono et al., 2021). Moreover, the deployment of such soilless cultivation technologies effectively addresses
critical challenges, including water scarcity and environmental degradation, by enabling efficient potato
production in non-arable areas. Hence use of plant tissue culture along with Hydroponics for potato seed
production represents a paradigm shift toward sustainable agriculture, offering a viable solution for the massive
production of potato mini-tubers with high efficiency (Rajendran et al., 2024).

DOI: 10.35629/6734-14126572 Www.ijesi.org 70 | Page



Synergistic Effects of Indole-3-Acetic Acid and Gibberellic Acid on In Vitro Growth of

Potato plant s

Fig. 5: The setup of the aeroponics used for tissue cultured potato plantlets showing success of disease-
free potato seed production

IV.  Conclusion:-

Study highlights the importance of disease free plantlets production of potato once used for aeroponics
systems. Here study showcased that potato tubers can be used as a source of explant and upon successful surface
sterilization using ethyl alcohol (70%) and HgCI2 (0.1%) the tubers can induce shoot and root and resultant
complete plantlet once maintained with half MS (4.4g/L), sucrose (30g/L), IAA( 0.1g/L) and GA3 (0.25 g/L) by
the 25 to 30 days of maintenance study also showcased that plantlets successfully abled to grow in aeroponics
set and produced potato seed production successfully .Hence we proposed to use the plant tissue cultured
plantlets by the given MS media for future aeroponics system which provides better controlled , low cost and
disease free plantlets for potato aeroponics farming.
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