


Short research article

Effect of gibberellic acid and age of seedling on growth and yield quality of chilli (Capsicum annum L.)

Abstract
An experiment was conducted to evaluate the effect of gibberellic acid (GA₃) and seedling age on the growth and yield quality of chilli (Capsicum annuum L.). The study was conducted in a Randomised Block Design at the Research Farm, Department of Horticulture, School of Agricultural Science, Technology & Research, Sardar Patel University, Balaghat (M.P.), during the Rabi seasons of 2022 and 2023. The treatments consisted of four concentrations of GA₃: GA₀ (0 ppm), GA₁ (50 ppm), GA₂ (100 ppm), and GA₃ (150 ppm), combined with three seedling ages: D₁ (30 days), D₂ (40 days), and D₃ (50 days). In total, twelve treatment combinations were evaluated. Among the tested concentrations, GA₃ at 150 ppm proved significantly superior in enhancing growth and yield parameters. The highest plant height (85.1 cm, 125.79 cm, and 150.06 cm at 30, 60 DAT, and harvest, respectively), number of branches (29.40 at 30 DAT and 57.19 at harvest per plant), and number of leaves (181.58, 221.56, and 297.32 per plant at 30, 60 DAT, and harvest, respectively) were recorded with the application of GA₃ @ 150 ppm in combination with 30-day-old seedlings. Maximum fruit yield (25.70 t/ha) was obtained under GA₃ @ 150 ppm with 30-day-old seedlings, followed by 17.37 t/ha under the same GA₃ concentration. The lowest yield was observed in GA₀ (0 ppm) with 50-day-old seedlings.
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Introduction
[bookmark: _GoBack]Chilli (Capsicum annuum L.) is one of the most important spice and vegetable crops cultivated in India, belonging to the family Solanaceae. It plays a vital role in Indian cuisine, particularly in curries, and is perhaps one of the most widely consumed spices worldwide. Known for its pungency, high coloring content, and characteristic aroma, chilli is extensively used not only as a culinary ingredient but also in the food, pharmaceutical, and beverage industries. Owing to these diverse applications, chilli serves as a major commercial crop with uses as a spice, condiment, vegetable, and medicinal component. Chilli seeds are always associated with physiological dormancy characteristics or endogenous dormancy that has affected their germination potential. Problems noticed on the low seed germination rate, vigour growth, further may lead to the poor seedling growth pattern of chilli crop production. Gibberellic Acid (GA3) which is usually used as a treatment solution is not a new advent of seed dormancy breaking methods for chilli (Junaidy & Shahruddin, 2022). GA3 is a phytohormone that accelerates plant growth and development. It increases plant height, shoot and root weight. GA3 also promotes fruit set in some fruits and vegetables, potentially increasing yields fourfold. NAA enhances photosynthetic activity, accelerates transport and utilization of photosynthetic products, and promotes rapid cell elongation and division in meristematic tissues. This results in increased growth and yield of crops. These plant growth regulators can be used to improve crop productivity and quality (Panda et al., 2022). 
A major constraint in chilli production is the significant loss caused by flower and fruit drop. These losses are largely attributed to hormonal and physiological imbalances in plants, particularly under adverse environmental conditions such as extreme temperatures. Along with genetic yield potential, several factors—including planting geometry, sowing time, and seedling age—substantially influence chilli productivity. Much of the research in this domain has focused on regulating plant growth to improve yield and quality. For this purpose, plant growth regulators (PGRs), considered next-generation agrochemicals after fertilizers, insecticides, and herbicides, are increasingly being employed. PGRs have shown effectiveness in reducing flower and fruit drop, enhancing vegetative growth, and thereby increasing yield per unit area and time (Thapa et al., 2003). Studies have also highlighted varying responses of chilli to different growth regulators (Balraj et al., 2002).
Among the various PGRs, gibberellic acid (GA₃) is the most widely used. GA₃ is a naturally occurring phytohormone required in trace amounts to accelerate plant growth and development. It plays a key role in stem and internode elongation, seed germination, enzyme activation during germination, and fruit set and growth. Application of GA₃ has been reported to increase plant height, biomass, root mass, and overall yield. Gibberellins, being weak acids, are synthesized in plastids—double-membrane-bound organelles responsible for photosynthesis—and subsequently transported to the endoplasmic reticulum, where they are modified for plant use. When applied exogenously at appropriate concentrations and growth stages, GA₃ can effectively manipulate several physiological processes, enhance stem elongation, improve dry matter accumulation, and increase fruit yield in chilli (Chaudhary et al., 2006).

Material and methods
The present study was carried out during the Rabi season of 2022 and 2023 to achieve the stated objectives. The experimental field was characterized by sandy loam soil with low nitrogen, moderate phosphorus and potassium levels, and a moderately alkaline pH, which was suitable for chilli cultivation.
The experiment was conducted at the Student Research Farm, Department of Horticulture (Vegetable Science), School of Agricultural Science, Technology & Research, Sardar Patel University, Balaghat (M.P.), using a Randomized Block Design (RBD) with twelve treatment combinations replicated three times.
The treatments consisted of four concentrations of gibberellic acid: GA₀ (0 ppm), GA₁ (50 ppm), GA₂ (100 ppm), and GA₃ (150 ppm), in combination with three seedling ages: D₁ (30 days), D₂ (40 days), and D₃ (50 days). Interaction effects were also studied, i.e., GA0 D1, GA0 D2, GA0 D3, GA1 D1, GA1 D2, GA1 D3, GA2 D1, GA2 D2, GA2 D3, GA3 D1, GA3 D2 and GA3 D3. Thus, a total of 12 treatment combinations were evaluated. Observations were recorded from five randomly selected plants per plot. 
The observations were recorded on various parameters, including growth attributes (plant height, and number of branches per plant), phenological trait (days to 50% flowering), yield attributes (fruit length, number of fruits per plant, yield per plant, and yield per hectare), and B:C ratio.
The data were statistically analyzed using the Analysis of Variance (ANOVA) technique at a 5% level of significance.
Results and discussion
During the active growth phase of the crop, the effect of gibberellic acid (GA₃) and seedling age on the growth and yield quality of chilli (Capsicum annuum L.) was evaluated, and the findings are summarised below.
Growth regulators, particularly GA₃ at varying concentrations, significantly influenced growth parameters such as plant height, number of branches per plant, and number of leaves per plant. Among the treatments, GA₃ @ 150 ppm recorded the highest values for growth traits, in agreement with earlier findings (Athaneria et al., 2011). Maximum plant height (76.82, 116.14, and 141.58 cm) and number of branches (28.37 at 30 DAT and 50.73 at harvest), and number of leaves (165.66, 209.79, and 274.47 at 30, 60 DAT, and harvest, respectively) were obtained with GA₃ @ 150 ppm, followed by GA₃ @ 100 ppm.
The treatment-wise data on the number of leaves per plant has been reported in a separate research article. Phenological observations revealed that higher concentrations of GA₃ reduced the number of days to 50% flowering. The earliest flowering (85.33 days) was recorded with GA₃ @ 150 ppm, corroborating the results of Singh and Mukherjee (2000). The promotive effect of GA₃ on flowering may be attributed to its role as a florigen or as a trigger for other signaling pathways, enhancing bud initiation, development, and overall flower quality (Reddy et al., 2002).
Seedling age also had a significant effect on growth. Transplanting at 30 days after sowing produced maximum growth parameters, while the lowest values were observed in 50-day-old seedlings. Younger seedlings developed more leaves with longer duration for photosynthetic activity, whereas older seedlings produced fewer leaves with reduced leaf longevity. These findings align with Pandy et al. (1992), who reported greater growth in early-transplanted seedlings compared to late ones.
Yield attributes—including fruit length, fruit width, fresh weight of 10 fruits, dry weight per plant, number of fruits per plant, yield per plant, yield per plot, and yield per hectare—varied significantly with PGR treatments. GA₃ @ 150 ppm consistently outperformed other treatments, producing the highest yield (25.70 t/ha), closely followed by GA₃ @ 100 ppm. Yield improvement was directly associated with fruit size and number of fruits per plant. GA₃ also shortened the duration to first fruit set, likely due to its role in stimulating internal metabolic and growth processes. Grewal et al. (1993) reported that PGRs such as cycocel improve photosynthate translocation, leading to better fruit filling and early fruit set. The promotory effect of GA₃ can thus be attributed to enhanced cell elongation and division, which increase fruit size and yield.
Quality traits were also influenced by treatments. The highest ascorbic acid content (99.23 mg/100 g) was recorded with GA₃ @ 150 ppm + 30-day-old seedlings (GA₃D₁), whereas the lowest (96.70 mg/100 g) was observed under GA₀ + 50-day-old seedlings (GA₀D₃). This indicates that the combined application of GA₃ at higher concentrations with optimal seedling age not only improves yield but also enhances fruit quality in terms of ascorbic acid content. A separate research article presents the treatment-wise data on the ascorbic acid content.
From an economic perspective, treatment GA3 D1 (GA₃ @ 150 ppm + 30-day-old seedlings) yielded the highest net income (₹2,68,408 ha⁻¹) with a benefit-cost ratio of 3.33. The next best treatment was GA2 D1 (GA₃ @ 100 ppm + 30-day-old seedlings), which produced a net income of ₹2,57,380 ha⁻¹ with a B:C ratio of 3.26. The lowest economic return (₹1,29,904 ha⁻¹) was recorded under treatment GA0 D3 (GA₀ + 50-day-old seedlings).















	Treatment
	Plant height of chilli at Harvest (cm)
	Number of branches/ plant of chilli at Harvest (cm)
	Days to 50% flowering of chilli
	Length of fruits of chilli (cm)
	Number of fruits/ plant of chilli
	fruit yield/ plant of chilli (g)
	fruit yield/ ha of chilli (t)
	B: C ratio

	Effect of Gibberellic acid

	GA0
	104.22
	45.57
	98.00
	23.78
	78.12
	447.47
	18.62
	1.91

	GA1
	131.96
	47.33
	96.00
	28.51
	111.97
	578.45
	23.48
	2.52

	GA2
	138.82
	48.65
	93.33
	29.27
	118.64
	610.83
	24.57
	2.65

	GA3
	141.58
	50.73
	85.33
	29.74
	127.91
	636.04
	25.70
	1.91

	SEm±
	0.58
	0.13
	0.40
	0.11
	0.55
	1.17
	0.08
	

	CD(P=0.05)
	1.92
	0.42
	1.32
	0.35
	1.85
	3.91
	0.25
	

	Effect of Age of seedling

	D1
	137.89
	50.69
	98.00
	29.46
	124.42
	634.97
	26.17
	2.93

	D2
	128.66
	47.13
	92.75
	27.74
	109.75
	563.15
	22.44
	2.36

	D3
	120.88
	46.40
	88.75
	26.29
	93.31
	506.47
	20.66
	2.09

	SEm±
	0.67
	0.15
	0.46
	0.12
	0.64
	1.35
	0.09
	

	CD(P=0.05)
	1.66
	0.36
	1.15
	0.30
	1.60
	3.39
	0.22
	

	Interaction effect of Gibberellic acid and Age of seedling

	GA0 D1
	111.19
	46.00
	105.00
	24.64
	83.38
	480.72
	19.62
	2.07

	GA0 D2
	101.06
	45.50
	97.00
	24.61
	78.06
	451.93
	18.86
	1.91

	GA0 D3
	100.42
	45.20
	92.00
	22.10
	72.92
	409.75
	17.37
	1.74

	GA1 D1
	142.95
	48.20
	101.00
	29.67
	132.39
	660.66
	26.91
	3.04

	GA1 D2
	136.51
	47.20
	96.00
	28.34
	115.20
	564.48
	22.68
	2.42

	GA1 D3
	116.41
	46.60
	91.00
	27.51
	88.31
	510.20
	20.84
	2.11

	GA2 D1
	147.35
	51.35
	98.00
	31.58
	139.01
	692.65
	28.35
	3.26

	GA2 D2
	136.81
	47.80
	93.00
	28.51
	116.00
	597.60
	23.58
	2.50

	GA2 D3
	132.29
	46.80
	89.00
	27.73
	100.90
	542.24
	21.78
	2.20

	GA3 D1
	150.06
	57.19
	88.00
	31.93
	142.90
	705.86
	29.79
	3.33

	GA3 D2
	140.26
	48.00
	85.00
	29.48
	129.73
	638.57
	24.66
	2.59

	GA3 D3
	134.41
	47.00
	83.00
	27.82
	111.10
	563.70
	22.64
	2.29

	SEm±
	1.15
	0.25
	0.79
	0.79
	1.11
	2.35
	0.15
	

	CD(P=0.05)
	3.33
	0.73
	2.29
	2.29
	3.20
	6.77
	0.43
	


Table 1: Effect of Gibberellic acid and Age of seedling on growth and yield quality of chilli (Capsicum annum L.)



 
	

	





























Conclusion
[bookmark: _Hlk516358568]Among the four concentrations of GA₃ tested, GA₃ @ 150 ppm was found to be significantly superior to all other treatments. The maximum plant height (85.1, 125.79, and 150.06 cm at 30, 60 DAT, and harvest, respectively), number of branches (29.40 at 30 DAT and 57.19 at harvest per plant), and number of leaves (181.58, 221.56, and 297.32 per plant at 30, 60 DAT, and harvest, respectively) were recorded with GA₃ @ 150 ppm in combination with 30-day-old seedlings.
The highest fruit yield (25.70 t/ha) was also obtained from GA₃ @ 150 ppm with 30-day-old seedlings, followed by 17.37 t/ha under the same GA₃ concentration. In contrast, the lowest yield was recorded under GA₃ @ 0 ppm with 50-day-old seedlings.
Economic analysis revealed that the highest gross monetary returns (₹3,48,948 ha⁻¹), net monetary returns (₹2,68,408 ha⁻¹), and benefit-cost ratio (3.33) were achieved with GA₃ @ 150 ppm + 30-day-old seedlings, whereas the lowest values were obtained under GA₃ @ 0 ppm + 50-day-old seedlings.
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Fig. 1 : Effect of Gibberellic acid and Age of seedling on growth and yield quality of chilli (Capsicum annum L.)
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