Influence of Plant Growth Regulators in Enhancing Fruit Retention, Yield, and Quality of Anola (Emblica officinalis L.) 
 
ABSTRACT
A field experiment was carried out during 2025-26 at the Nursery Farm, Department of Fruit Science, C.S. Azad University of Agriculture and Technology, Kanpur (U.P.), to study the response of aonla (Emblica officinalis L.) cv. NA-7 to foliar sprays of gibberellic acid (GA3) and naphthalene acetic acid (NAA), applied both singly and together. Nine treatments: GA3 at 25 and 50 ppm, NAA at 25 and 50 ppm, their four combinations, and a water-sprayed control, were tested in a Randomized Block Design with three replications, with sprays timed to flowering and post-fruit-set stages. Every parameter recorded responded significantly to treatment. The combined spray of GA3 50 ppm with NAA 50 ppm (T8) consistently outperformed every other treatment: fruit drop fell to 19.10% against 62.10% in the control, retention climbed to 80.90%, and yield reached 216.00 kg per plant, a gain of 32.52% over the untreated trees. The same treatment produced the longest, widest, and heaviest fruits, the densest pulp, and the most favourable pulp-to-stone ratio (21.09, nearly double that of the control). On the quality side, it raised total soluble solids to 12.20°Brix, lowered titratable acidity to 1.72%, raised the TSS: acid ratio to 7.09, and boosted ascorbic acid content to 608.32 mg per 100 g pulp. These results point to a genuine synergy between GA3 and NAA rather than a simple additive effect, and support the combined foliar spray of GA3 50 ppm + NAA 50 ppm as a practical, low-cost intervention for growers looking to reduce pre-harvest fruit drop and improve returns from 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 called Indian gooseberry, is one of the hardiest fruit crops native to India, thriving on marginal, sodic and ravine lands where few other fruit trees survive. India remains the world's leading producer, with the crop now grown over roughly 91,000 hectares and an annual output of about 9.8 lakh tonnes, most of it concentrated in Uttar Pradesh (NHB, 2024). Districts such as Pratapgarh, Raebareli and Kanpur account for the bulk of this production, and the fruit's exceptional vitamin C content, along with its long-standing place in Ayurvedic medicine and its growing use in juices, candy, murabba and chyawanprash, has kept demand for good-quality fruit rising steadily (Singh et al., 2019).
Despite this favourable outlook, aonla growers routinely lose a large share of their crop to pre-harvest fruit drop, a physiological problem rooted in an imbalance in hormonal signalling at the pedicel-peduncle junction during early fruit development. Left unmanaged, this drop can easily account for half or more of the initial fruit set, eroding yield well before harvest. Plant growth regulators are among the more dependable ways to correct this. 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 hold the fruit in place by suppressing the enzymes that trigger abscission (Pandey and Sinha, 1995). Used together, the two are widely reported to do more than either can alone, since they act on complementary parts of the same physiological problem — NAA anchoring the fruit, GA3 feeding its growth.
Individually, both regulators have already shown their worth across several fruit crops: GA3 and NAA sprays have improved fruit retention and quality in strawberry (Dubey et al., 2017; Kumar and Tripathi, 2009), guava (Kher et al., 2005; Yadav et al., 2001), litchi (Qureshi et al., 2011; Kaur, 2017), ber (Ram et al., 2005) and mango (Maurya et al., 2020; Tripathi et al., 2019). Work specific to aonla has been comparatively limited, and reports on the combined use of GA3 and NAA at graded concentrations on cv. NA-7 are scarcer still. 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 with moderate rainfall (mean annual rainfall about 627 mm) and cold winters. The orchard soil was sandy loam, slightly 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 all, spaced 8 × 8 m), were laid out in a Randomized Block Design: GA3 at 25 ppm (T1) and 50 ppm (T2); NAA at 25 ppm (T3) and 50 ppm (T4); their 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 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 fruit set against fruits held 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 derive pulp weight, stone weight and the pulp: stone ratio. Total soluble solids were read on a hand refractometer and corrected to 20°C, titratable acidity was estimated by titration against N/10 NaOH and expressed as per cent citric acid, and ascorbic acid was determined by 2,6-dichlorophenol indophenol titration (Ranganna, 2010). Analysis of Variance was used to analyse all data following Panse and Sukhatme (2000), 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 fell steadily as the concentration and combination of growth regulators increased, and the pattern was unambiguous: every combined GA3+NAA treatment outperformed the corresponding single-regulator sprays. The lowest drop, 19.10%, was recorded for T8-GA3 50 ppm + NAA 50 ppm, compared with 62.10% in the control, a reduction of nearly 70%. T7 and T6 followed at 24.97% and 28.65% respectively (Table 1). Retention mirrored this exactly: T8 held 80.90% of its fruit to maturity, more than double the 37.90% managed by the untreated trees. NAA, acting as a synthetic auxin, keeps the abscission zone quiescent by holding back the enzymes cellulase and polygalacturonase, among them — that would otherwise dissolve the cell wall at the point of attachment. At the same time, GA3 strengthens the fruit's claim on the tree's assimilate supply, reducing the competitive stress that often tips the hormonal balance towards shedding. Applied together at the higher rate, the two appear to reinforce each other rather than add up, consistent with the sharp jump seen between T7 and T8 compared with the smaller gains in the lower-dose combinations. Similar reductions in drop and gains in retention following combined GA3 and NAA sprays have been reported in aonla by Kumar et al. (2017), Tripathi et al. (2018), Chaudhary et al. (2018) and by Ghosh et al. (2009), and in litchi by Qureshi et al. (2011), who found NAA at 40 ppm cut fruit drop from 30.66% to 26.34% relative to control. Anand et al. (2003) recorded a comparable effect of repeated NAA sprays in litchi cv. Dehradun, and Uniyal and Misra (2015) reported the highest fruit retention in bael following NAA application, reinforcing the general pattern seen here.
2. Physical Characteristics of Fruit
Fruit length, width, weight, volume and specific gravity all followed the same ranking as 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, against 3.32 cm, 3.32 cm, 25.26 g, 25.01 cc and 1.02 g/cc in the control (Table 1). T7 and T6 again occupied the next two positions. This is broadly what one would predict from the growth-promoting roles of the two regulators. GA3 loosens the cell wall matrix and promotes both cell division and elongation, allowing individual pulp cells to expand more than they would under endogenous hormone levels alone. At the same time, NAA further drives cell division in the parenchymatous pulp tissue. The rise in specific gravity under T8 points in the same direction a denser pulp generally means more dissolved solids and less air space, which fits with a fruit that has had a longer, better-supported period of active growth. Similar improvements in fruit dimensions following combined GA3 and NAA sprays have been reported in aonla by Singh et al. (2007) and Patel et al. (2017). Comparable gains in fruit size have been noted in acid lime by Jagtap et al. (2013), in guava by Kher et al. (2005), in aonla by Tripathi et al. (2018), Kumar et al. (2017) and in ber by Ram et al. (2005).
3. Fruit Composition  Pulp, Stone and Pulp: Stone Ratio



The most striking effect on fruit composition was on the pulp: stone ratio, which is arguably the single most important quality trait for a fruit whose main commercial use is processing. T8 produced both the heaviest pulp (28.68 g) and the lightest stone (1.36 g), giving a pulp: stone ratio of 21.09, nearly 1.8 times the control's 11.86 (Table 1). T7 (19.38) and T6 (18.55) followed. The pattern suggests that GA3 and NAA are not simply enlarging the whole fruit uniformly but are actively redirecting assimilate towards the pulp at the expense of the stone, a form of preferential sink strengthening that has real economic value, since a higher pulp share means more usable material per fruit for murabba, candy and juice. This is consistent with the findings of Tripathi et al. (2018), Singh et al. (2007) in aonla cv. Narendra Aonla-10, where combined bio-regulator sprays likewise raised pulp weight while trimming stone weight, and with Chandra et al. (2015), who obtained the heaviest pulp in aonla 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 tracked fruit retention closely, which is exactly what one would expect given that most of the fruit lost to abscission is fruit that never reaches the scale. T8 yielded 216.00 kg per tree, 32.52% above the control's 163.00 kg, with T7 (207.00 kg) and T6 (201.00 kg) close behind (Fig. 1). This is not purely a retention effect; however, the T8 fruits were also individually larger and heavier. Hence, the yield gain reflects both more fruit staying on the tree and each of those fruits carrying more weight. Tripathi et al. (2018) and Chaudhary et al. (2018) reported the same combination as most effective for aonla yield, while comparable synergy between GA3 and NAA has been documented 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), where 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 rose from 9.81°Brix in the control to 12.20°Brix under T8, titratable acidity fell from 1.98% to 1.72% (the single lowest value, 1.71%, actually came from T7, the TSS: acid ratio climbed from 4.95 to 7.09, and ascorbic acid content rose from 586.29 to 608.32 mg per 100 g pulp (Table 2). These shifts are consistent with an accelerated 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 appear to accelerate the metabolic turnover of citric and malic acids, lowering acidity as sugar content rises. The improvement in ascorbic acid, though real, was proportionally more modest than the other quality gains understandable given that vitamin C accumulation in aonla is strongly governed by genetics and is already unusually high even in untreated fruit, leaving comparatively less room for hormonal treatments to move the needle. Comparable increases in TSS and reductions in acidity under combined GA3, NAA and micronutrient sprays have been reported in aonla by Patel et al. (2017) and Tiwari et al. (2017), and similar trends have been documented in guava by Kher et al. (2005) and Sharma and Tiwari (2015), in pear by Singh et al. (2003), Tripathi et al. (2018) and in Washington navel orange by Hamdy (2017). Increases in vitamin C content following GA3 treatment have also been noted 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
Across every parameter measured fruit drop, retention, yield, physical dimensions, composition and biochemical quality the combined foliar spray of T8-GA3 at 50 ppm with NAA at 50 ppm consistently outperformed both the single-regulator sprays and the untreated control. The gap between it and the next-best treatment, T7-GA3 50 ppm + NAA 25 ppm, was large enough to suggest genuine synergy rather than a simple additive response. Given that both regulators are inexpensive and the spray schedule requires only two applications per season, this combination offers aonla growers in the Central Plain Zone of Uttar Pradesh a practical and economically sound way to cut pre-harvest losses and improve both yield and processing quality.
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