Effect of Foliar Application of Gibberellic Acid (GA3) and Boron on Growth, Yield, and Quality of Phalsa (Grewia asiatica L.)

ABSTRACT
The present investigation was conducted to evaluate the effect of boron and gibberellic acid (GA3) on the vegetative growth, fruiting, yield, and biochemical quality of phalsa (Grewia asiatica L.). Foliar application of boron (0.2% and 0.4%) and GA3 (25 ppm and 50 ppm), alone and in combination, significantly influenced vegetative, reproductive, and quality parameters compared to the control. Vegetative attributes such as shoot length, shoot diameter, number of shoots per plant, and number of leaves per shoot were markedly enhanced by combined treatments. The maximum shoot length (142.69 cm), shoot diameter (0.98 cm), and number of leaves per shoot (45.86) were recorded with GA3 50 ppm + boron 0.4%. Fruit set, fruit number per shoot, fruit weight, and yield also improved significantly under combined treatments. GA3 50 ppm + boron 0.4% registered the highest fruit set (76.02%), fruit number (83.46/shoot), and yield (6.48 kg/plant and 99.73 q/ha). Similarly, physical attributes such as fruit diameter (1.08 cm) and volume (1.30 cc) were maximized under the same treatment. Biochemical constituents including TSS, sugars, and ascorbic acid content increased with GA3 and boron application, while titratable acidity decreased. The highest TSS (26.41%), total sugars (20.06%), and ascorbic acid (41.68 mg/100 g) were recorded with GA3 50 ppm + boron 0.4%. Overall, the combined application of GA3 50 ppm with boron 0.4% proved most effective in improving vegetative growth, yield, and fruit quality of phalsa.
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INTRODUCTION
	Phalsa (Grewia asiatica L.), a minor fruit crop in tropical and subtropical regions, holds economic and nutritional significance due to its rich vitamin C content and medicinal properties (Kaur, Singh, & Kaur, 2018). Enhancing its productivity and fruit quality is essential for commercial exploitation to meet rising consumer demand. Among plant growth regulators, gibberellic acid (GA3) is well-recognized for stimulating cell elongation and fruit development by modulating physiological and biochemical processes (Maurya, Tripathi, & Singh, 2020). GA3 enhances vegetative growth, fruit set, and size by promoting cell division and delaying fruit senescence (El Sherif et al., 1997).
Micronutrients like boron play a pivotal role in reproductive growth by aiding cell wall synthesis, sugar transport, and pollen germination that ultimately influence flowering and fruit retention (Prakash, Paswan, & Singh, 2022). Boron deficiency negatively impacts fruit set and quality in many fruit species (Tripathi & Kumar, 2022). Foliar application of nutrients and growth regulators is considered an effective way to overcome soil nutrient limitations and enhance crop performance (Kaur et al., 2018). Previous studies report improved fruit quality, yield, and biochemical constituents in fruit crops after combined application of GA3 and boron (Beerappa, Giraddi, & Patil, 2019; Prakash et al., 2022). However, research on their integrated effect in phalsa remains limited and requires a systematic approach. This study aims to evaluate the effect of foliar application of GA3 and boron on growth, yield, and fruit quality traits of phalsa under field conditions, providing scientific evidence for optimized nutrient and growth regulator management.
Materials and Methods
	 The present investigation was conducted during the (2024-25) at Department of Horticulture, Career Point University, Kota, Rajasthan, to study the effect of boron and gibberellic acid (GA3) on vegetative growth, fruiting, yield, and quality parameters of phalsa (Grewia asiatica L.).
Experimental Details
The experiment was laid out in a randomized block design (RBD) with seven treatments replicated thrice. The treatments consisted of boron at two concentrations (0.2% and 0.4%), GA3 at two levels (25 ppm and 50 ppm), and their combinations, along with an untreated control. The details of the treatments are as follows:
	S. No.
	Treatment

	T1 :
	Control

	T2 :
	Boron  0.2%

	T3 :
	Boron  0.4% 

	T4 :
	GA3  25 ppm

	T5 :
	GA3  50 ppm

	T6 :
	GA3  25 ppm +  Boron  0.2%

	T7 :
	GA3  50 ppm + Boron  0.4%


Plant Material and Treatment Application
Uniform, healthy phalsa plants of five years were selected for the study. Foliar sprays of boron and GA3 were applied at the appropriate at fruit set stage using a hand sprayer until runoff. Control plants were sprayed with distilled water.
Observations Recorded
Observations were recorded on vegetative, reproductive, yield, and biochemical parameters:
Vegetative parameters
	Five shoots were randomly selected from each plant. Shoot length was recorded after fruit harvest with the help of meter scale and average value was expressed in centimeters. The diameter of the five randomly selected shoots for shoot length was measured with the help of vernier callipers and average value was expressed in centimeters. The number of shoots per plant was counted after the last harvesting and average value was expressed as number of shoots per plant. The leaf of five randomly selected shoots was counted in each plant after treatment and average value was expressed as number of leaves per shoot.









Fruiting and physical parameters
Five shoot were selected from each plant for counting the number of fruits per shoot and average value was expressed as number of fruits per shoot. The total number of flowers was counted on each tagged shoots and percent fruit set was worked out with the help of the following formula:

Fully ripened hundred fruits were randomly taken from each treatment and weighed on physical balance. The value was expressed as weight of hundred fruits (g). The diameter of the fruits was recorded at the color break stage with the help of vernier callipers and average of ten fruits were taken and expressed in centimeter. The volume of the phalsa fruit was measured by water displacement method. Randomly selected 100 fruits were placed in the measuring cylinder of 1000 ml capacity one by one. The final reading of the water level was recorded. The difference between the initial reading and the final reading gave the volume of these selected fruits. From this, the average volume of fruit was calculated. Fruits after each picking were weighed on top pan balance and total yield for each plant was calculated in kilogram after the last harvesting. The fruit yield per hectare was calculated by multiplying the average yield per plant with number of plants per hectare.
Biochemical parameters:
Measurement of biochemical parameters such as TSS, acidity, sugars and ascorbic acid content was measured as per the methodology provided by (Vishwakarma et al. 2024).
Statistical Analysis
The data obtained were subjected to statistical analysis following the method described by Gomez and Gomez (1984). Standard error of mean (SEm ±) and critical difference (CD) at 5% level of significance were calculated to test the significance of treatment effects.
Results and Discussion
Vegetative Parameters
The application of boron and gibberellic acid (GA3), either alone or in combination, significantly influenced vegetative growth parameters of phalsa (Table 1). A progressive increase in shoot length, shoot diameter, number of shoots per plant, and number of leaves per shoot was observed with increasing concentrations of boron and GA3.
The maximum shoot length (142.69 cm) was recorded under the treatment GA3 @ 50 ppm + Boron @ 0.4%, which was significantly superior to the control (112.36 cm). Similarly, shoot diameter (0.98 cm), number of shoots per plant (94.68), and number of leaves per shoot (45.86) were also highest under the combined application of GA3 @ 50 ppm + Boron @ 0.4%. Among the individual treatments, GA3 @ 50 ppm alone resulted in comparatively higher shoot length (134.61 cm), shoot diameter (0.91 cm), and number of shoots per plant (91.68) as compared to boron alone. The lowest values for all vegetative parameters were observed in the control, with 112.36 cm shoot length, 0.68 cm shoot diameter, 75.31 shoots per plant, and 19.61 leaves per shoot. The interaction effect of GA3 and boron was statistically significant, with the treatment GA3 @ 50 ppm + Boron @ 0.4% showing superiority over all other treatments.
The pronounced enhancement in shoot elongation under GA3 treatments can be attributed to its well-established role in promoting cell division and elongation through modification of cell wall extensibility and stimulation of metabolic activity in meristematic tissues. Gibberellins facilitate the synthesis of expansins and other cell wall-loosening proteins, thereby enabling elongation growth in actively dividing regions (Maurya et al., 2020). Concurrently, foliar boron application is critical for maintaining structural and functional integrity of cell walls, as it forms cross-linkages between pectic polysaccharides, and aids in the translocation of assimilates from source to sink tissues (Beerappa et al., 2019).
The synergistic effect observed under combined GA3 and boron application likely arises from the simultaneous activation of cell expansion mechanisms (GA3) and strengthening of cell wall matrix coupled with improved carbohydrate mobilization (via boron). This integrated physiological stimulation not only augments vegetative vigor but also ensures that developing shoots possess greater mechanical strength and assimilate reserves. Such improvements in shoot growth metrics are of agronomic importance, as they enhance the plant's capacity for photosynthetic assimilation, nutrient uptake, and overall mobilization of resources towards reproductive development. In this context, increased shoot vigor is positively associated with higher flowering intensity and improved fruit set, as reported by Kaur et al. (2018), thereby translating vegetative gains into yield benefits.
Reproductive and yield parameters 
The results presented in Table 2 indicate that the application of boron and gibberellic acid (GA₃), either alone or in combination, significantly influenced fruiting and physical parameters of phalsa. The percentage of fruit set increased from 64.13% in the control to the maximum (76.02%) in the treatment comprising GA3 50 ppm + boron 0.4%, which was statistically superior to the control. Similarly, the number of fruits per shoot was markedly enhanced from 58.16 (control) to 83.46 under the same treatment.
Fruit weight and size also showed a significant response to the treatments. The weight of 100 fruits was recorded lowest in the control (66.01 g) and highest (101.68 g) in GA3 50 ppm + boron 0.4%. A similar trend was observed in fruit diameter and fruit volume, where the combined treatment produced the largest fruits (1.08 cm diameter and 1.30 cc volume) compared to the control (0.93 cm diameter and 1.15 cc volume). Yield parameters followed the same trend. The yield per plant increased from 3.41 kg in control to a maximum of 6.48 kg in GA3 50 ppm + boron 0.4%, while the corresponding yield per hectare improved from 58.8 q/ha in control to 99.73 q/ha under the best treatment. Treatments involving either GA3 alone (50 ppm) or boron alone (0.4%) were also significantly superior to the control, though the combined application of GA3 and boron proved most effective.	 The superior fruit retention and fruit set in GA3 + boron-treated plants may be attributed to the synergistic effects of these two growth regulators on floral and reproductive physiology. Gibberellic acid is known to prolong floral longevity and stimulate ovary growth, whereas boron facilitates pollen germination, pollen tube elongation, and effective fertilization, thereby enhancing the probability of successful fruit initiation (Tripathi & Kumar, 2022). The observed yield enhancement may also be associated with better mobilization of carbohydrates and improved nutrient uptake efficiency induced by foliar application of GA3 and boron. Similar reports of increased fruit biomass and superior yield performance under such treatments have been documented in several horticultural crops (Maurya et al., 2020; Prakash et al., 2022).
Furthermore, GA₃ has been extensively reported to promote cell elongation and expansion, thereby increasing fruit dimensions (El Sherif et al., 1997; Khan et al., 2018; Chang, 2006). It also facilitates enhanced mobilization of nutrients and hormones essential for fruit growth, resulting in higher fruit size, weight, and yield (Shukla et al., 2011; Choudhary et al., 2018). In parallel, boron application improves nutrient transport, cell wall formation, and reproductive development, leading to increased fruit set, firmness, and size (Al-Hajjaj et al., 2018; Borax, 2025). Its role in carbohydrate translocation and maintenance of membrane integrity further contributes to enhanced fruit quality and shelf life. The synergistic effect of GA3 and boron likely optimizes the physiological processes underlying fruit development. This interaction has been reported in several fruit crops, including guava, strawberry, and mango, where combined treatments markedly improved fruit weight and yield (Verma & Dwivedi, 2021; Yadav et al., 2018; Khan et al., 2022). Therefore, the pronounced increase in fruit diameter, weight, and volume observed in treatment can be ascribed to the complementary effects of GA3-induced cell expansion and boron-mediated nutrient and assimilate transport, in line with earlier horticultural findings on fruit quality enhancement.
Biochemical Quality Attributes
Foliar application of boron and gibberellic acid (GA3) significantly improved the biochemical quality of phalsa fruits (Table 3). Total soluble solids, total sugars, reducing and non-reducing sugars, and ascorbic acid content increased, while titratable acidity decreased compared to the control. The combined treatment of GA3 50 ppm + Boron 0.4% was most effective, recording the highest TSS (26.41%), total sugars (20.06%), reducing sugars (16.08%), non-reducing sugars (3.98%), and ascorbic acid (41.68 mg/100 g), along with the lowest titratable acidity (2.32%). All changes were statistically significant, indicating that GA3 and boron enhance fruit sweetness, vitamin C content in phalsa. Gibberellic acid is known to promote the rapid mobilization and transformation of carbohydrates into soluble sugars by influencing gene expression related to starch and sucrose metabolism, which accelerates sugar accumulation in fruits (Rodrigues et al., 2025). Furthermore, GA3 enhances photosynthate translocation from source leaves to sink organs, ensuring higher sugar content and total soluble solids (Prakash et al., 2022; Tripathi & Kumar, 2022). The combined application of GA3 and boron has also been shown to increase the synthesis of ascorbic acid and other antioxidants by stimulating enzymatic activities and metabolic pathways that boost antioxidant capacity (Moradinezhad et al., 2020; Yadav et al., 2018).
Boron plays a crucial role in carbohydrate metabolism, nitrogen metabolism, and the regulation of phytohormones, which collectively improve sugar translocation and accumulation, enhancing fruit quality attributes such as sweetness and ascorbic acid content (Vera-Maldonado et al., 2024; Maurya et al., 2020). Boron's influence extends to cell division, pollen viability, and cell wall synthesis, which facilitate better fruit development and physiological functioning (Frontiers in Plant Science, 2024). The observed decline in titratable acidity with GA3 and boron treatment aligns with studies that report reduced organic acid levels in fruits, favoring a sweeter taste profile (Kaur, 2017; Rodrigues et al., 2025).
Conclusion
The present investigation clearly demonstrates that foliar application of gibberellic acid (GA₃) and boron, either individually or in combination, significantly enhances the growth, yield, and fruit quality attributes of Phalsa (Grewia asiatica L.). The combined treatment of GA3 at 40 ppm with boron at 0.6% proved most effective, resulting in superior vegetative growth, fruit set, yield per plant, and biochemical qualities such as higher total soluble solids, sugar content, and ascorbic acid levels, along with lower titratable acidity. The synergistic interaction between GA3 and boron likely improves physiological efficiency by promoting cell elongation, assimilate partitioning, and nutrient mobilization. These findings suggest that integrated foliar application of GA3 and boron can be a practical and efficient strategy to enhance the productivity and fruit quality of Phalsa under subtropical conditions. Further validation across different agroclimatic zones and seasons is recommended for developing region-specific recommendations.
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	Treatment
	Shoot Length (cm)
	Diameter of shoot (cm)
	No. of Shoots/plant
	No. of Leaves per shoot

	Control
	112.36
	0.68
	75.31
	19.61

	Boron  0.2%
	122.61
	0.81
	86.34
	35.61

	Boron  0.4% 
	124.32
	0.83
	88.73
	37.35

	GA3  25 ppm
	129.21
	0.88
	90.31
	39.14

	GA3  50 ppm
	134.61
	0.91
	91.68
	40.26

	GA3  25 ppm +  Boron  0.2%
	137.85
	0.95
	92.41
	43.76

	GA3  50 ppm + Boron  0.4%
	142.69
	0.98
	94.68
	45.86

	SEm ±
	1.88
	0.014
	1.445
	0.607

	CD @ 5%
	5.70
	0.041
	4.369
	1.835


Table 1: Effect of Boran and Gibberellic Acid on Vegetative Parameters of Phalsa. 













Table 2: Effect of Boran and Gibberellic Acid on Fruiting and Physical Parameters of Phalsa.


	Treatment
	Fruit set (%)
	No. of fruits/shoot
	Weight of 100 fruits (g)
	Fruit Diameter (cm)
	Volume of fruit (cc)
	Yield per plant (kg)
	Yield per hectare (q/ha)

	Control
	64.13
	58.16
	66.01
	0.93
	1.15
	3.41
	58.8

	Boron  0.2%
	69.32
	66.40
	81.46
	1.01
	1.21
	4.96
	79.47

	Boron  0.4% 
	71.68
	69.55
	86.32
	1.02
	1.22
	5.04
	80.53

	GA3  25 ppm
	74.06
	72.16
	94.05
	1.03
	1.25
	5.46
	86.13

	GA3  50 ppm
	74.98
	75.32
	96.13
	1.05
	1.27
	5.95
	92.67

	GA3  25 ppm +  Boron  0.2%
	75.78
	78.63
	101.05
	1.06
	1.29
	6.12
	94.93

	GA3  50 ppm + Boron  0.4%
	76.02
	83.46
	101.68
	1.08
	1.30
	6.48
	99.73

	SEm ±
	1.415
	1.152
	1.141
	0.015
	0.018
	0.064
	1.301

	CD @ 5%
	4.280
	3.482
	3.452
	0.044
	0.053
	0.193
	3.935









Table 3: Effect of Boran and Gibberellic Acid on Bio-chemical Parameters of Phalsa.
	Treatment
	TSS (%)
	Titratable Acidity (%)
	Total Sugar (%)
	Reducing Sugars (%)
	Non-reducing sugars (%)
	Ascorbic Acid (mg/100g of fresh pulp)

	Control
	17.10
	2.83
	14.06
	11.86
	2.20
	28.30

	Boron  0.2%
	20.06
	2.58
	17.26
	14.04
	3.22
	34.48

	Boron  0.4% 
	20.98
	2.51
	17.60
	14.18
	3.42
	36.34

	GA3  25 ppm
	22.68
	2.45
	18.16
	14.48
	3.68
	37.98

	GA3  50 ppm
	23.31
	2.41
	18.92
	15.21
	3.71
	38.68

	GA3  25 ppm +  Boron  0.2%
	25.82
	2.37
	19.56
	15.72
	3.84
	40.88

	GA3  50 ppm + Boron  0.4%
	26.41
	2.32
	20.06
	16.08
	3.98
	41.68

	SEm ±
	0.178
	0.044
	0.250
	0.224
	0.057
	0.494

	CD @ 5%
	0.539
	0.132
	0.756
	0.678
	0.173
	1.494










