Influence of Plant Growth Regulators in Enhancing Fruit Retention, Yield, and Quality of Anola (Emblica officinalis L.) 
 
ABSTRACT
A field experiment was conducted during 2025-26 at the Nursery Farm, Department of Fruit Science, C.S. Azad University of Agriculture and Technology, Kanpur (U.P.), to evaluate the response of aonla (Emblica officinalis L.) cv. NA-7 to foliar sprays of gibberellic acid (GA3) and naphthalene acetic acid (NAA), applied singly and in combination. Nine treatments comprising GA3 at 25 and 50 ppm, NAA at 25 and 50 ppm, their four combinations, and a water-sprayed control were evaluated in a Randomised Block Design with three replications; sprays were applied at flowering and post-fruit-set stages. All recorded parameters responded significantly to the treatments. The combined spray of GA3 50 ppm + NAA 50 ppm (T8) consistently produced the best response among the treatments: fruit drop decreased to 19.10% compared with 62.10% in the control, fruit retention increased to 80.90%, and yield reached 216.00 kg per plant, representing a 32.52% increase over the untreated trees. The same treatment produced the longest, widest, and heaviest fruits, the highest pulp weight, and the most favourable pulp-to-stone ratio (21.09, approximately 1.78 times that of the control). In terms of quality, it increased total soluble solids to 12.20°Brix, reduced titratable acidity to 1.72%, increased the TSS:acid ratio to 7.09, and increased ascorbic acid content to 608.32 mg per 100 g pulp. These results suggest a synergistic response to the combined application of GA3 and NAA rather than a simple additive effect and support the use of GA3 50 ppm + NAA 50 ppm to reduce pre-harvest fruit drop and improve yield and fruit quality in aonla cv. NA-7 under the agro-climatic conditions of the Central Plain Zone of Uttar Pradesh.
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INTRODUCTION
Aonla (Emblica officinalis L.), popularly known as Indian gooseberry, is one of the hardiest fruit crops native to India and thrives on marginal, sodic, and ravine lands where few other fruit trees survive. India remains the world's leading producer, with the crop grown over roughly 91,000 hectares and producing about 9.8 lakh tonnes annually, most of which is concentrated in Uttar Pradesh (National Horticulture Board [NHB], 2005). Districts such as Pratapgarh, Raebareli, and Kanpur account for the bulk of this production, while the fruit's exceptional vitamin C content, its long-standing place in Ayurvedic medicine, and its growing use in juices, candy, murabba, and chyawanprash have sustained increasing demand for good-quality fruit (Singh et al., 2019).
Published evaluations of aonla cultivars also demonstrate substantial variation in physical and physicochemical fruit attributes, reinforcing the value of cultivar-specific assessment when interpreting fruit quality responses (Kaim & Bisht, 2017). Despite this favourable outlook, aonla growers routinely lose a large share of their crop to pre-harvest fruit drop, a physiological problem associated with an imbalance in hormonal signalling at the pedicel-peduncle junction during early fruit development. If unmanaged, this drop can account for half or more of the initial fruit set, reducing yield well before harvest. Plant growth regulators are among the more dependable approaches for managing this problem. Gibberellic acid (GA3) is known to encourage cell division and elongation, delay senescence, and improve the movement of photosynthates towards developing fruit, while naphthalene acetic acid (NAA), a synthetic auxin, helps retain fruit by suppressing enzymes involved in abscission (Pandey & Sinha, 1995). When used together, the two regulators may act on complementary aspects of the same physiological process, with NAA supporting fruit retention and GA3 supporting fruit growth. Recent studies in fruit crops similarly indicate that exogenous NAA and GA3, applied singly or in combination, can influence fruit retention, yield, and quality, although the magnitude of the response depends on the crop, cultivar, and application conditions (Priya et al., 2023; Abdel-Sattar et al., 2023; Zahid et al., 2024; Ali et al., 2026). Individually, both regulators have demonstrated value across several fruit crops: GA3 and NAA sprays have improved fruit retention and quality in strawberry (Dubey et al., 2017; Kumar & Tripathi, 2009), guava (Kher et al., 2005; Yadav et al., 2001; Badal & Tripathi, 2021), litchi (Qureshi et al., 2011; Kaur, 2017; Nand et al., 2023), ber (Ram et al., 2005), and mango (Maurya et al., 2020; Tripathi et al., 2019). In aonla, related studies have examined plant growth regulators and associated treatments (Bhadauria et al., 2018; Yadav et al., 2010), but evidence on the combined use of GA3 and NAA at graded concentrations in cv. NA-7 remains limited.
The present study was therefore undertaken to evaluate the individual and combined effects of GA3 and NAA on fruit drop, fruit retention, yield, and the physical and biochemical quality of aonla cv. NA-7 grown under the agro-climatic conditions of Kanpur, and to identify a treatment combination that growers in this region could reasonably adopt.
MATERIAL AND METHODS
The experiment was conducted during 2025-26 on 28-year-old aonla trees of cv. NA-7 growing at the Nursery Farm, Department of Fruit Science, C.S. Azad University of Agriculture and Technology, Kanpur, Uttar Pradesh. Kanpur lies in the subtropical, semi-arid belt of the central Gangetic plains (25°26′-26°58′ N, 79°31′-80°34′ E; ~135 m amsl), with hot, dry summers, a monsoon season with moderate rainfall (mean annual rainfall of about 627 mm), and cold winters. The orchard soil was sandy loam and alkaline in reaction (pH 9.3), with an organic carbon content of 0.30% and low-to-medium levels of available nitrogen, phosphorus, and potassium.
Nine treatments, each replicated three times on single-tree plots (27 trees in total, spaced 8 × 8 m), were laid out in a Randomised Block Design (Fisher, 1947): GA3 at 25 ppm (T1) and 50 ppm (T2); NAA at 25 ppm (T3) and 50 ppm (T4); the four combinations GA3 25 + NAA 25 ppm (T5), GA3 25 + NAA 50 ppm (T6), GA3 50 + NAA 25 ppm (T7), and GA3 50 + NAA 50 ppm (T8); and a plain-water spray as the control (T9). Each tree received a 10-litre foliar spray of the appropriate solution, applied to run-off with a pneumatic foot sprayer, once at flowering (13 August) and again after fruit set (10 October). Fruits were harvested on 20 December 2025.
Fruit drop and retention were recorded by tagging shoots and counting the fruits initially set and those retained to maturity. At harvest, total yield per tree was recorded, and five randomly sampled fruits per treatment were used to measure fruit length and width (Vernier calliper), fruit weight (electronic balance), volume (water displacement), and specific gravity (weight/volume). Pulp and stone were separated and weighed independently to determine pulp weight, stone weight, and the pulp:stone ratio. Total soluble solids were measured using a hand refractometer, with readings corrected to 20°C; titratable acidity was estimated by titration against N/10 NaOH and expressed as percentage citric acid; and ascorbic acid was determined by 2,6-dichlorophenol indophenol titration (Ranganna, 1986). Analysis of variance was used to analyse all data following Panse and Sukhatme (1985), and treatment means were compared using the standard error of the mean and the coefficient of variation.
RESULTS AND DISCUSSION
1. Fruit Drop and Fruit Retention
Fruit drop decreased progressively as the concentration and combined use of the growth regulators increased, and every combined GA3 + NAA treatment recorded lower fruit drop than the corresponding single-regulator sprays. The lowest fruit drop, 19.10%, was recorded with T8-GA3 50 ppm + NAA 50 ppm, compared with 62.10% in the control, representing a reduction of about 69%. T7 and T6 followed with 24.97% and 28.65%, respectively (Table 1). Fruit retention showed the opposite trend: T8 retained 80.90% of the fruit to maturity, more than twice the 37.90% recorded in the untreated trees. NAA, acting as a synthetic auxin, may help maintain the quiescence of the abscission zone by suppressing enzymes such as cellulase and polygalacturonase that otherwise degrade cell walls at the point of attachment. At the same time, GA3 may strengthen fruit sink activity and assimilate supply, thereby reducing the competitive stress associated with fruit shedding. Applied together at the higher concentration, the two regulators appeared to reinforce one another, consistent with the marked response observed under T8. Similar reductions in fruit drop and improvements in retention following plant growth regulator and nutrient treatments have been reported in aonla by Kumar et al. (2017), Tripathi et al. (2018), Chaudhary et al. (2018), and Ghosh et al. (2009), and in litchi by Qureshi et al. (2011), who reported that NAA at 40 ppm reduced fruit drop from 30.66% to 26.34% relative to the control. Anand et al. (2003) recorded a comparable effect of repeated NAA sprays in litchi cv. Dehradun, while Uniyal and Misra (2015) reported the highest fruit retention in bael following NAA application, supporting the general trend observed in the present study.
2. Physical Characteristics of Fruit
Fruit length, width, weight, volume, and specific gravity followed the same treatment ranking as fruit drop and retention, with T8 producing the largest, heaviest, and densest fruits in every case: length 4.45 cm, width 4.12 cm, weight 30.04 g, volume 27.82 cc, and specific gravity 1.08 g/cc, compared with 3.32 cm, 3.32 cm, 25.26 g, 25.01 cc, and 1.02 g/cc, respectively, in the control (Table 1). T7 and T6 again occupied the next two positions. This response is consistent with the growth-promoting roles of the two regulators. GA3 promotes cell division and elongation, allowing pulp cells to expand, while NAA may further support cell division in parenchymatous pulp tissue. The increase in specific gravity under T8 is also consistent with denser pulp and greater accumulation of dissolved solids during a better-supported period of active fruit growth. Similar improvements in fruit dimensions following plant growth regulator treatments have been reported in aonla by Singh et al. (2007) and Patel et al. (2017). Comparable improvements in fruit size have been reported in acid lime by Jagtap et al. (2013), in guava by Kher et al. (2005) and Gaur et al. (2014), in aonla by Tripathi et al. (2018) and Kumar et al. (2017), and in ber by Ram et al. (2005).
3. Fruit Composition Pulp, Stone and Pulp: Stone Ratio



The most pronounced effect on fruit composition was observed for the pulp:stone ratio, an important quality trait for a fruit used extensively in processing. T8 produced both the highest pulp weight (28.68 g) and the lowest stone weight (1.36 g), resulting in a pulp:stone ratio of 21.09, approximately 1.78 times the control value of 11.86 (Table 1). T7 (19.38) and T6 (18.55) followed. The pattern suggests that GA3 and NAA enhanced pulp development relative to stone weight, which may increase the proportion of usable material for products such as murabba, candy, and juice. This is consistent with findings from aonla studies by Tripathi et al. (2018) and Singh et al. (2007), where bio-regulator and associated treatments improved pulp-related traits, and with Chandra et al. (2015), who reported the highest pulp weight in aonla cv. NA-7 under combined NAA and 2,4-D treatment.



Table 1: Effect of GA3 and NAA on the improvement of fruit drop, fruit retention and physical parameters of Anola fruits
	Treatment Details and Notations
	Fruit drop (%)
	Fruit retention (%)
	Fruit length (cm)
	Fruit width (cm)
	Fruit weight (g)
	Fruit volume (cc)
	Specific gravity (g/cc)
	Pulp weight (g)
	Stone weight (g)
	Pulp: Stone ratio

	T1-GA3 @ 25 ppm
	52.79
	47.21
	3.94
	3.76
	26.51
	25.03
	1.06
	24.69
	1.82
	13.57

	T2-GA3 @ 50 ppm
	38.97
	61.03
	4.17
	3.85
	27.03
	26.75
	1.03
	25.42
	1.61
	15.79

	T3-NAA @ 25 ppm
	57.86
	42.14
	3.51
	3.72
	25.83
	26.46
	0.98
	23.94
	1.89
	12.68

	T4-NAA @ 50 ppm
	46.67
	53.33
	4.10
	3.81
	26.82
	25.94
	1.03
	25.09
	1.73
	14.49

	T5-GA3 25 ppm+NAA 25 ppm
	33.85
	66.15
	4.14
	3.87
	27.12
	26.82
	1.01
	25.56
	1.56
	16.38

	T6-GA3 25 + NAA 50 ppm
	28.65
	71.35
	4.27
	3.92
	28.72
	27.13
	1.06
	27.25
	1.47
	18.55

	T7-GA3 50 + NAA 25 ppm
	24.97
	75.03
	4.31
	3.97
	28.94
	27.21
	1.06
	27.52
	1.42
	19.38

	T8-GA3 50 + NAA 50 ppm
	19.10
	80.90
	4.45
	4.12
	30.04
	27.82
	1.08
	28.68
	1.36
	21.09

	T9-Control (water spray)
	62.10
	37.90
	3.32
	3.32
	25.26
	25.01
	1.02
	23.16
	2.10
	11.86

	SE (m) ±
	2.40
	2.25
	0.32
	0.30
	2.15
	0.94
	0.045
	3.35
	0.076
	2.02

	C.D.  at 5% level
	0.80
	6.74
	0.11
	0.10
	0.71
	0.44
	0.015
	1.11
	0.025
	0.67



4. Fruit Yield
Yield closely followed fruit retention, as fruit lost through abscission does not contribute to the harvested crop. T8 yielded 216.00 kg per tree, 32.52% more than the control yield of 163.00 kg, while T7 (207.00 kg) and T6 (201.00 kg) followed (Fig. 1). The yield increase was not attributable solely to fruit retention, as fruits under T8 were also larger and heavier. Thus, the higher yield reflected both greater fruit retention and higher individual fruit weight. Similar improvements in aonla yield under growth-regulator and nutrient treatments were reported by Tripathi et al. (2018) and Chaudhary et al. (2018). Comparable responses to plant growth regulators have also been reported in mango by Kumar et al. (2017), Tripathi et al. (2019), Tripathi and Shukla (2006), Singh and Tripathi (2010), and Painkra et al. (2012), and in guava by Yadav et al. (2001), who reported that NAA at 60 ppm nearly doubled the control yield in cv. L-49.

                         Fig. 1: Effect of GA3 and NAA on the improvement of Anola fruit yield   
5. Biochemical Quality - TSS, Acidity, TSS: Acid Ratio and Ascorbic Acid
Fruit quality improved alongside fruit size. TSS increased from 9.81°Brix in the control to 12.20°Brix under T8, while titratable acidity decreased from 1.98% to 1.72%; the lowest acidity value, 1.71%, was recorded under T7. The TSS:acid ratio increased from 4.95 to 7.09, and ascorbic acid content increased from 586.29 to 608.32 mg per 100 g pulp (Table 2). These changes are consistent with the conversion of starch and organic acids into sugars during ripening. GA3 is known to stimulate hydrolytic enzymes such as amylase and invertase, which break down stored starch into soluble sugars, while both regulators may influence the metabolic turnover of organic acids as sugar content increases. The increase in ascorbic acid was proportionally more modest than the other quality changes, which may reflect the strong genetic control of vitamin C accumulation in aonla and its already high concentration in untreated fruit. Comparable increases in TSS and reductions in acidity following plant growth regulator and micronutrient treatments have been reported in aonla by Patel et al. (2017) and Tiwari et al. (2017), and similar trends have been reported in guava by Kher et al. (2005) and Sharma and Tiwari (2015), in pear by Singh et al. (2003), in aonla by Tripathi et al. (2018), and in Washington navel orange by Hamdy (2017). Increases in vitamin C content following growth-regulator treatments have also been reported in strawberry by Kumar and Tripathi (2009), Shukla et al. (2011), Tripathi and Shukla (2011), and Bhati and Yadav (2003).
         Table 2: Effect of GA3 and NAA on biochemical quality attributes of aonla fruit
	Treatment Details and Notations
	TSS (°Brix)
	Titratable acidity (%)
	TSS: acid ratio
	Ascorbic acid (mg/100 g pulp)

	T1-GA3 @ 25 ppm
	10.20
	1.75
	5.83
	589.95

	T2-GA3 @ 50 ppm
	10.74
	1.81
	5.93
	596.86

	T3-NAA @ 25 ppm
	10.15
	1.79
	5.67
	587.28

	T4-NAA @ 50 ppm
	10.35
	1.86
	5.56
	594.38

	T5-GA3 25 ppm+NAA 25 ppm
	11.07
	1.74
	6.36
	599.23

	T6-GA3 25 + NAA 50 ppm
	11.85
	1.75
	6.77
	602.95

	T7-GA3 50 + NAA 25 ppm
	11.98
	1.71
	7.01
	605.02

	T8-GA3 50 + NAA 50 ppm
	12.20
	1.72
	7.09
	608.32

	T9-Control (water spray)
	9.81
	1.98
	4.95
	586.29

	SE (m) ±
	1.58
	0.72
	0.54
	14.26

	C.D.  at 5% level
	0.52
	0.24
	0.18
	4.71




CONCLUSION
The study demonstrated clear treatment-related differences in fruit retention, yield, physical characteristics, fruit composition, and biochemical quality of aonla cv. NA-7. Among the nine treatments, the combined foliar application of GA₃ 50 ppm + NAA 50 ppm (T₈) consistently produced the most favourable measured responses. Fruit drop declined to 19.10%, while fruit retention increased to 80.90%. The same treatment produced the highest yield of 216.00 kg per plant, compared with 163.00 kg per plant in the control. T₈ also recorded the greatest fruit size and weight, the highest pulp weight, and a pulp:stone ratio of 21.09. Quality attributes were similarly improved, with total soluble solids reaching 12.20 °Brix, titratable acidity declining to 1.72%, the TSS:acid ratio increasing to 7.09, and ascorbic acid content reaching 608.32 mg per 100 g pulp. Within the agro-climatic conditions and experimental setting of Kanpur, the combined GA₃ 50 ppm + NAA 50 ppm treatment may therefore provide a practical approach for reducing pre-harvest fruit loss and improving the yield and quality of aonla cv. NA-7. 

Limitations
This study was conducted during a single production season at one location using 28-year-old trees of aonla cv. NA-7. Therefore, the treatment response reflects the specific orchard, cultivar, soil, and agro-climatic conditions of Kanpur. Although the combined GA₃ 50 ppm + NAA 50 ppm treatment produced the most favourable measured responses, its consistency across seasons, tree ages, cultivars, and production environments was not evaluated. Multi-season and multi-location validation would therefore be appropriate before broad recommendation.
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