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ABSTRACT 

This study investigated the effect of gibberellic acid (GA₃) at 0.25 mg/L on the growth and tuber 

production of potato plants under aeroponic conditions. Tissue-cultured plantlets were acclimatized 

and grown in a controlled polyhouse using a standard hydroponic nutrient system. Growth 

parameters were recorded at 7, 15, 30, and 45 days and analysed against controls (P < 0.05). No 

significant differences were observed at 7 days; however, from day 15 onward, GA₃ treatment 

significantly improved shoot length, stem length, leaf length, and overall plant height. By day 45, 

increases in leaf thickness and tuber number were observed, with tuber yield compared to the control. 

These findings demonstrate that GA₃ enhances vegetative growth and tuber production, highlighting 

its potential application in aeroponic seed potato production systems. 

Keywords: Aeroponics; Gibberellic Acid (GA₃); Plant Growth; Tuber Yield. 

INTRODUCTION 

This study examines the effect of gibberellic acid (GA₃) supplementation in hydroponic nutrient 

solutions on the growth and development of potato plants under aeroponic conditions. It focuses on 

changes in key morphological traits, including leaf, stem, and root characteristics, as well as the 

quantitative evaluation of tuber formation. The application of gibberellic acid (GA₃) is known to 

influence various physiological processes in plants, including stem elongation and tuber initiation 

(Çalışkan et al., 2021). This inhibitory effect often stems from gibberellin's role in promoting shoot 

growth over tuber development, thereby reallocating photosynthates towards canopy expansion 

(Hamdani et al., 2024). Given that potato mini-tubers are often cultivated in aeroponic systems to 

mitigate challenges like high temperatures and soil-borne diseases (Filho et al., 2022; Lhokitasari et 

al., 2022), understanding the precise hormonal interactions, particularly with gibberellins, becomes 

critical for maximizing yield and quality in controlled environments (Saidi & Hajibarat, 2021). In 

recent time use of phytohormones such as gibberellins, anti-gibberellins, and cytokinins has shown 

promise in modulating tuberization and overall plant morphology in potato (Bharath & B, 2024). 

Hence it is necessary to study about its dose and application regime to optimize potato development 

under aeroponic conditions (Bharath & B, 2024). In the current scenario, the use of phytohormones 

has not yet proven economically viable in many commercial aeroponic systems, highlighting the 

need for further research on optimized application strategies and cost-effective production 
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methods.As a success story use of aeroponics along with phyto hormone for potato production in 

aeroponics has already been demonstrated to substantially improve mini-tuber production, with 

optimal conditions potentially inducing greater stolon development due to enhanced humidity and 

darkness at the stem base (García-Segura et al., 2021; Sharma et al., 2020).  

METHODOLOGY 

Collection and Acclimatisation of Plantlets: Healthy potato plantlets were obtained from a tissue 

culture facility and acclimatized under polyhouse conditions. The plantlets were hardened for a 

period of 30 days prior to their transfer to the aeroponic system. 

Aeroponic System Setup: An aeroponic system was established to evaluate potato growth and seed 

tuber production under the influence of gibberellic acid (GA₃). Two separate setups were maintained: 

one as a control and the other supplemented with GA₃ at a concentration of 0.25 mg/L, applied twice 

during the experimental period.  

Nutrient Solution and Polyhouse Management: A commercial hydroponic nutrient solution 

(Solution A and Solution B) was used, mixed in a 1:1 ratio. The nutrient composition included nitrate 

nitrogen (210 ppm), phosphorus (60 ppm), potassium (330 ppm), calcium (170 ppm), magnesium (50 

ppm), sulphur (65 ppm), iron (6.0 ppm), manganese (2.0 ppm), boron (0.3 ppm), copper (0.06 ppm), 

zinc (0.06 ppm), and molybdenum (0.07 ppm). Total dissolved solids (TDS) were maintained 

between 500–1000 ppm depending on the plant growth stage. Routine monitoring and adjustment of 

pH, nutrient levels, and general plant management practices were carried out as per standard 

protocols. 

Greenhouse Conditions: The experiment was conducted in a controlled greenhouse environment 

during the winter season (November to January). The temperature ranged from 15°C to 30°C, and 

relative humidity was maintained at approximately 75% throughout the study. 

Data Collection and Statistical Analysis: The effect of GA₃ (0.25 mg/L) on potato plant growth 

under aeroponic conditions was assessed and compared with the control. Observations included 

shoot length, root length, stem length, leaf length, number of leaves, number of shoots, number of 

stems, plant height, leaf thickness, stem thickness, shoot thickness, stolon length, and number of 

tubers. Statistical analysis was performed using a t-test to determine significant differences between 

treatments at a significance level of P < 0.05. 

RESULTS AND DISCUSSION 

Effect of GA₃ on Potato Plant Growth (7th Day Analysis) 

In this study, tissue-cultured potato plantlets treated with 0.25 mg/L GA₃ were evaluated alongside 

untreated controls under aeroponic conditions. Growth parameters including shoot length, root 

length, stem length, leaf length, number of leaves, number of shoots, number of stems, plant height, 

leaf thickness, and stem thickness were recorded and statistically analyzed on the 7th day. 
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The results indicated no significant differences (P > 0.05) between GA₃-treated and control plants at 

this early stage (Table 1). This suggests that the application of GA₃ at the tested concentration did not 

produce an immediate effect on the initial growth and morphological traits of potato plantlets. 

However, these findings align with previous studies reporting that the physiological effects of GA₃ 

often become evident only after prolonged exposure or at later developmental stages (Kumari, 2023; 

Partap et al., 2020; Sharma et al., 2023). Earlier research has demonstrated that plant growth 

regulators, including GA₃ and anti-gibberellins, significantly influence potato growth and 

tuberization when applied during critical stages such as stolon formation (Bharath & B, 2024). 

Furthermore, optimization of GA₃ concentration and application timing has been shown to enhance 

dormancy breaking and sprouting in potato tubers, highlighting the importance of treatment timing 

and duration in eliciting measurable physiological responses. 

These observations indicate that while no immediate effects were detected at 7 days, continued 

monitoring at later growth stages is essential to fully understand the impact of GA₃ on potato plant 

development under aeroponic conditions. 

Table 1: Comparative Change in The Plant Parameters of S. Tuberosum Till 7th Day Upon 

GA3 Treatment in Aeroponics 

Parameters Control Experiment P value Significant 

Shoot length 12±3.7 11±4.7 0.5965 No 

Root length 8.4±3.4 8.5±3.7 0.9545 No 

Stem length 1.5±0.94 2.0±1.3 0.1236 No 

Leaf length 1.7±0.96 2.1±0.85 0.0732 No 

No of leaves 23±11 31±12 0.1005 No 

No of shoots 1.3±4.5 1.3±4.9 0.6701 No 

No of stems 7.3±2.7 9.8±5.3 0.1622 No 

Plant height 21±5.5 20±6.6 0.7591 No 

Leaf thickness 0.38±0.23 0.51±0.25 0.0191 No 

Stem thickness 1.2±0.63 1.3±0.55 0.5313 No 

Shoot thickness 3.6±0.61 3.9±1.1 0.4318 No 
 

15th Day Analysis 

Under aeroponic conditions, the application of GA₃ as a growth regulator demonstrated a positive 

effect on potato plant growth by the 15th day. Comparative analysis between control and treated 

plants revealed significant increases in several aerial growth parameters, including shoot length (17 ± 

3.7 cm vs 24 ± 8.8 cm; P < 0.0241), stem length (2.2 ± 0.82 cm vs 4.0 ± 1.4 cm; P < 0.0001), leaf 

length (2.7 ± 0.86 cm vs 4.4 ± 1.3 cm; P < 0.0001), and overall plant height (28 ± 5.4 cm vs 37 ± 9.5 

cm; P < 0.0092). 
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In contrast, no significant differences (P > 0.05) were observed in root length, number of leaves, 

number of shoots, number of stems, leaf thickness, or stem thickness (Table 2). These findings 

indicate that GA₃ exerts a more pronounced effect on aerial growth components at this stage, while 

subterranean and structural parameters remain relatively unaffected. 

This differential response suggests varying sensitivity of plant morphological traits to GA₃ during early 

growth stages. Similar observations have been reported in previous studies, where exogenous application 

of gibberellins showed limited or delayed effects due to complex endogenous hormonal regulation. 

Additionally, other research has demonstrated that GA₃ can significantly enhance growth characteristics 

such as sprout length and diameter, particularly when combined with factors like immersion duration and 

interaction with other growth regulators such as 6-benzylaminopurine (Lizarazo-Peña et al., 2020). 

Overall, the results indicate that GA₃ begins to influence vegetative growth from the 15th day 

onward, primarily affecting elongation-related parameters in potato plants under aeroponic 

conditions. 

Table 2: Comparative Change in The Plant Parameters of S. Tuberosum Till 15th Day Upon 

GA3 Treatment in Aeroponics 

Parameters Control Experiment P value Significant 

Shoot length 17±3.7 24±8.8 0.0241 Yes 

Root length 11±3.7 13±2.3 0.0825 No 

Stem length 2.2±0.82 4.0±1.4 <0.0001 Yes 

Leaf length 2.7±0.86 4.4±1.3 <0.0001 Yes 

No of leaves 28±11 44±20 0.0301 No 

No of shoots 1.3±0.45 1.4±0.51 0.4086 No 

No of stems 12±3.8 11±3.7 0.3901 No 

Plant height 28±5.4 37±9.5 0.0092 Yes 

Leaf thickness 0.39±0.20 0.31±0.16 0.780 No 

Stem thickness 0.99±0.53 0.82±0.33 0.0681 No 

Shoot thickness 4.1±0.78 3.3±0.64 0.0109 Yes 
 

30th Day Analysis 

By the 30th day, the positive effects of GA₃ treatment on potato plant growth became more pronounced, 

with trends observed at the 15th day continuing and expanding to additional parameters. Notably, the 

number of leaves showed a significant increase in GA₃-treated plants compared to the control. 

Statistical analysis revealed significant differences (P < 0.05) between control and treated plants for 

several growth parameters, including shoot length (25 ± 4.5 cm vs 32 ± 10 cm; P < 0.0386), stem length 

(2.8 ± 0.87 cm vs 3.8 ± 1.1 cm; P < 0.0001), leaf length (2.9 ± 0.80 cm vs 4.2 ± 1.2 cm; P < 0.0001), 

number of leaves (38 ± 14 vs 58 ± 22; P < 0.0124), and plant height (39 ± 4.8 cm vs 47 ± 11 cm; P < 

0.0328). 
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However, no significant differences (P > 0.05) were observed in root length, number of shoots, 

number of stems, leaf thickness, stem thickness, or shoot thickness (Table 3). 

These results indicate that GA₃ continues to predominantly influence elongation and expansion of 

aerial plant parts, while root development and secondary growth parameters remain relatively 

unaffected. This pattern suggests that different physiological processes may require distinct hormonal 

regulation or longer exposure periods for measurable changes. 

The observed selective response aligns with previous studies reporting that gibberellic acid enhances 

stem elongation and internode growth without necessarily affecting stem thickness or root 

development (Li et al., 2022; Sardoei et al., 2024). Overall, the findings highlight the stage-specific 

and targeted role of GA₃ in modulating plant growth under aeroponic conditions. 

Table 3: Comparative Change in The Plant Parameters of S. Tuberosum Till 30th Day Upon 

GA3 Treatment in Aeroponics 

Parameters Control Experiment P Value Significant 

Shoot Length 25±4.5 32±10 0.0386 Yes 

Root Length 14±3.4 15±2.1 0.4303 No 

Stem Length 2.8±0.87 3.8±1.1 <0.0001 Yes 

Leaf Length 2.9±0.80 4.2±1.2 <0.0001 Yes 

No Of Leaves 38±14 58±22 0.0124 Yes 

No Of Shoots 1.3±0.45 1.3±0.49 0.6701 No 

No Of Stems 17±3.2 14±6.5 0.2437 No 

Plant Height 39±4.8 47±11 0.0328 Yes 

Leaf Thickness 0.46±0.23 0.55±0.18 0.0601 No 

Stem Thickness 1.2±0.53 1.2±0.59 0.6004 No 

Shoot Thickness 4.3±0.77 4.2±1.3 0.7460 No 
 

45th Day Analysis (Comprehensive Evaluation) 

By the 45th day, the effect of GA₃ was most pronounced, demonstrating a consistent and significant 

enhancement in overall plant growth and productivity under aeroponic conditions. The positive 

trends observed at earlier stages persisted, with additional improvements recorded in leaf thickness 

and, notably, in tuber production. 

Statistical analysis revealed significant increases (P < 0.05) in GA₃-treated plants compared to the 

control for multiple parameters, including shoot length (25 ± 4.4 cm vs 33 ± 9.8 cm; P < 0.0248), 

stem length (3.0 ± 0.85 cm vs 3.9 ± 1.1 cm; P < 0.0001), leaf length (3.1 ± 0.77 cm vs 4.4 ± 1.1 cm; 

P < 0.0001), number of leaves (39 ± 13 vs 61 ± 22; P < 0.0061), leaf thickness (0.50 ± 0.15 cm vs 

0.60 ± 0.16 cm; P < 0.0065), and number of tubers (4.0 ± 1.4 vs 9.3 ± 4.5; P < 0.0168) (Table 4; Fig. 

5). 
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The substantial increase in tuber number highlights the effectiveness of GA₃ in enhancing yield under 

aeroponic systems. These findings support earlier studies indicating that gibberellic acid plays a critical 

role in regulating potato tuberization, particularly through its influence on node formation and subsequent 

tuber development (Bharath & B, 2024). Additionally, GA₃ has been reported to improve plant height and 

canopy spread in tuber crops, reflecting its broader role in promoting vegetative growth (Chaudhary & 

Bahadur, 2024). 

The results of the present study are consistent with reports demonstrating the dose-dependent effects of 

GA₃ on potato growth and yield parameters (Paikra et al., 2020). However, previous research also 

cautions that excessive concentrations of GA₃ may negatively affect tuber quality, leading to reduced 

marketable yield and morphological abnormalities such as elongated tubers (Çalışkan et al., 2021). This 

emphasizes the importance of optimizing both concentration and application timing for achieving 

desirable outcomes in controlled cultivation systems. 

The observed enhancements in plant height, leaf development, and tuber production can be attributed to 

the role of GA₃ in promoting cell division and elongation, thereby facilitating internode extension and 

overall shoot growth. Furthermore, GA₃ is known to regulate tuber initiation through complex 

interactions with environmental factors such as light and endogenous hormonal balance (Sumarni et al., 

2022). Its involvement in dormancy breaking and metabolic activation—through increased enzyme 

activity, nucleic acid synthesis, and mobilization of stored reserves—further contributes to improved 

plant vigor and productivity. 

Overall, the findings demonstrate that GA₃ application at 0.25 mg/L significantly enhances both 

vegetative growth and tuber yield in potato under aeroponic conditions, underscoring its potential for 

optimizing seed potato production systems when applied with precise regulation. 

CONCLUSION 

The application of gibberellic acid (GA₃) at 0.25 mg/L significantly enhanced the growth and 

productivity of potato plants under aeroponic conditions. Although no measurable effects were observed 

at the early stage (7 days), notable improvements in vegetative growth parameters—including shoot 

length, stem length, leaf length, and plant height—were evident from the 15th day onward. By the 45th 

day, GA₃ treatment further resulted in increased leaf thickness and a substantial rise in tuber production. 

Overall, these findings demonstrate that GA₃ is effective in promoting both vegetative development and 

yield, highlighting its potential application in optimizing aeroponic seed potato production systems. 
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