Influence of bio-enhancers and bio-fertilizers on physical and biochemical traits of aonla (Emblica officinalis Gaertn.) cv. NA-7

Abstract
The present investigation was carried out on 22-year-old aonla (Emblica officinalis Gaertn.; variety NA-7) trees during the years 2023 and 2024 at Kalyanpur Nursery, Department of Fruit Science, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur. The design of the experiment was randomized block design with three replications involving ten treatment combinations formed by applications of Azotobacter, PSB, Amritpani, Jeevamrit and Panchagavya. Significant improvements were recorded on the growth, flowering and yield traits, with T9 (Azotobactor(5 g/tree) + PSB (50 g/tree + Amritpani (10 %) + Panchagavya (5 %) consistently outperforming others. Among the evaluated treatments, T9 (Azotobactor(5 g/tree) + PSB (50 g/tree +Amritpani (10 %) + Panchagavya (5 %)  exhibited the highest performance in key physical and biochemical traits, recording highest fruit length (3.82, 3.93 and 3.88cm), fruit diameter (4.34, 4.43 and 4.39cm), fruit volume (33.42, 33.38 and 33.40cc), pulp weight (33.89, 35.13 and 34.51g), fruit weight (35.41, 36.62 and 36.02 g), specific gravity (1.16, 1.17 and 1.17 g/cm3) and pulp: stone ratio (22.30, 22.33 and 22.32) and lowest stone weight (1.52, 1.50 and 1.51g), stone diameter (1.92, 1.93 and 1.92 cm). Among varous biochemical traits, fruits in T9 also results in the highest total soluble solids (10.46, 10.55 and 10.51 0Brix), total sugars (5.47, 5.52 and 5.50%), total soluble solids: acid ratio (6.41, 6.55 and 6.48), fruit juice (64.36, 64.73 and 64.55%), ascorbic acid (547.53, 549.11 and 548.32 mg), and total phenolic acid (170.24, 170.28 and 170.26 mg/100g) respectively, with minimum tanin content (2.12, 2.16 and 2.14%), titratable acidity (1.63, 1.61 and 1.62% respectively) during both rears of investigation and when data were pooled for both years in the plains of north India.
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Introduction 
Aonla (Emblica officinalis Gaertn. syn. Phyllanthus emblica L.) is an important fruit crop of commercial significance, belongs to the family Euphorbiaceae. It is a hardy subtropical species that thrives under a wide range of soil and climatic conditions, particularly in semi-arid and drought-prone regions. Due to its adaptability, high medicinal potential and nutritional value, aonla is considered a fruit of the future. In India, it is cultivated on about 107.00 thousand hectares, producing 1378.00 MT (Anonymous, 2023-24). Owing to its remarkable nutraceutical attributes, it is popularly referred to as “Amrit Phal” or “Wonder Drug”. The fruits are widely used for preparing value-added products such as preserves (murabba), pickles, candy, jelly, sauces and dried chips. Nutritionally, aonla is an exceptionally rich source of vitamin C (500-750 mg/100 g), which is significantly higher than that of guava and citrus fruits and it also contains phenols, polyphenols, tannins and alkaloids. Importantly, it is a key constituent of well-known traditional formulations such as Triphala, Chyawanprash, Amritkalash and Trilax (Tiwari et al., 2017).

Despite its immense potential, aonla cultivation faces challenges related to soil degradation, nutrient depletion and reduced fruit quality under intensive production systems. To address these issues, the integration of sustainable inputs such as biofertilizers and bio-enhancers has gained importance. Biofertilizers are carrier-based products containing beneficial microorganisms including Trichoderma, Azotobacter, phosphate-solubilizing bacteria (PSB) and mycorrhizae. These microbes improve nutrient uptake, enhance soil biological activity and contribute to better fruit yield and quality (Gaskell et al., 2007). Bio-enhancers such as Panchagavya, Jivamrit and Amritpani prepared by fermenting cow-based products with organic amendments further improve crop productivity and resilience. Panchagavya, derived from cow dung, urine, milk, curd and ghee of indigenous cows, contains a consortium of beneficial microbes like aerobic heterotrophs, lactic acid bacteria, yeasts and fungi, which stimulate plant growth and yield. Similarly, Amritpani and Jivamrit are enriched with microbial consortia including actinomycetes, Pseudomonas, PSB, Azotobacter and Azospirillum, with Jivamrit additionally fortified by jaggery, pulse flour and banyan soil (Pathak & Ram, 2013). These formulations act as potent sources of macro- and micronutrients, plant growth-promoting rhizobacteria (PGPR), immunity enhancers and stress modulators.
When biofertilizers and bio-enhancers are integrated with macronutrients, they not only improve yield but also enhance physical and biochemical fruit attributes by stimulating the production of growth-promoting substances such as cytokinins, auxins and vitamin B-complex. However, systematic studies on their combined influence in aonla, particularly on cultivar NA-7, remain limited. Therefore, the present investigation was undertaken to evaluate the role of bio-enhancers and biofertilizers in improving the physical and biochemical traits of aonla, with the aim of identifying sustainable practices for enhancing both productivity and fruit quality.
Material and method
	The experiment was conducted at Kalyanpur Nursery, Department of Fruit Science, Chandra Shekhar Azad University of Agricultural and Technology, Kanpur, on 22-year-old aonla cv. NA-7 during two cosequitive years i.e., 2023 and 2024. The Kanpur district is located at an elevation of 135 meters above sea level and situated in a subtropical zone with coordinates between 25.26° and 26.58° North latitude and 79.31° and 80.34° Eastern longitude. A total of ten treatment combinations were evaluated using a randomized block design with three replications involving the application of Azotobacter PSB, Amritpani, Jivaamrit and Panchagavya. The treatments are detailed below list 1
List 1: Treatment Details
	[bookmark: _Hlk209799353]Treatment Code
	Treatment Description

	T1
	Control (Untreated plant)

	T2
	Panchagavya (5%) + Azotobacter (50 g/tree)

	T3
	Panchagavya (5%) + PSB (50 g/tree)

	T4
	Azotobacter (50 g/tree) + Amritpani (10%)

	T5
	PSB (50 g/tree) + Amritpani (10%)

	T6
	Azotobacter (50 g/tree) + Jivaamrit (20%)

	T7
	PSB (50 g/tree) + Jivaamrit (20%)

	T8
	Panchagavya (5%) + Azotobacter (50 g/tree) + PSB (50 g/tree)

	T9
	Azotobacter (50 g/tree) + PSB (50 g/tree) + Amritpani (10%) + Panchagavya (5%)

	T10
	Azotobacter (50 g/tree) + PSB (50 g/tree) + Jivaamrit (20%)


[bookmark: _Hlk209799371]NOTE- Vermicompost @1 kg/tree/year with organic mulching of paddy straw was commonly used in all treatments.

Application Schedule
Bio-enhancers and bio-fertilizers were applied according to the specific treatment requirements. Foliar application of Panchagavya was performed on the plant canopy and drenching of Jivaamrit and Amritpani on the basal area of the plant was done before flowering, at fruit set (pea stage) and growth stage. To ensure thorough foliar coverage, a 10-litre solution was administered using a pneumatic foot sprayer with a nozzle, targeting the entire foliage between 8:00 am and 10:00 am. A high-legged stool was used to facilitate the complete drenching of the plants, including their upper portions. Paddy straw was utilized as a mulch material around the root zone to prevent the spread of excess spray. Biofertilizers are applied according to specific treatment requirements, mixed with farmyard manure (FYM) and incorporated into the soil. Vermicompost @1 kg/tree/year with organic mulching of paddy straw is commonly used in all treatments.
[bookmark: _Hlk209799434]Table 1: Standardized Procedure for Preparing Nutrient Solutions
	[bookmark: _Hlk209799445]S. No.
	Material used
	Applied concentration
	Quantity per litre of water
	Field dose per tree

	1
	Panchagavya
	5.00%
	50 ml
	–

	2
	Jivamrit
	20.00%
	200 ml
	–

	3
	Amritpani
	10.00%
	100 ml
	–

	4
	Azotobacter culture
	–
	5 g (suspension)
	50 g/tree

	5
	PSB culture
	–
	5 g (suspension)
	50 g/tree



Observations recorded
During the study, observations were recorded on both physical and biochemical attributes of aonla fruits. The physical attributes included fruit length (cm), fruit diameter (cm), fruit volume (cc), pulp weight (g), stone weight (g), stone diameter (cm), fruit weight (g), specific gravity (g/cm³) and pulp-to-stone ratio using standard procedures. 
The biochemical attributes comprised total soluble solids (°Brix), total sugars (%), titratable acidity (%),total soluble solids: acid ratio, fruit juice percentage (%), ascorbic acid content (mg), tannin content (%) and total phenolic content (mg/100 g). The total soluble solids (TSS) of fruit pulp were measured at room temperature using an Erma hand refractometer (0-32°B). Total sugars were estimated by hydrolyzing the pulp solution with HCl, neutralizing with NaOH, and titrating against Fehling’s solution using methylene blue as an indicator, with results expressed as a percentage of fresh pulp weight. Titratable acidity was determined as per AOAC (2012) by titrating diluted pulp extract with 0.1 N NaOH using phenolphthalein as an indicator, and results expressed as percent citric acid equivalent. The TSS:acid ratio was obtained by dividing TSS by titratable acidity. Fruit juice content was estimated by extracting juice from 100 g of deseeded pulp, filtering and recording the volume as a percentage. Ascorbic acid content was determined by titration of pulp extract prepared in 3% metaphosphoric acid against 2,6-dichlorophenol indophenol dye, with values expressed as mg per 100 g pulp and tannin content of fruit was determined by the method suggested by Rangana (1986). Total phenol estimation was carried out with the Folin-Ciocalteau reagent (Malick and Singh 1980). 
Statistical analysis
	The data obtained were statistically analyzed and t he significance of treatment effects was tested using an F-test and critical differences (CD) at a 5% probability level were calculated for comparison among treatment means. The experimental data were analyzed statistically with analysis of variance method given by Panse and Sukhatme (1985).
RESULTS AND DISCUSSION 
PHYSICAL ATTRIBUTES
[bookmark: _Hlk206357798][bookmark: _GoBack]Fruit length, diameter, weight and volume: The perusal of data presented in Table 2 indicates that among all treatments, the application of  T₉ – Azotobacter (50 g/tree) + PSB (50 g/tree) + Amritpani (10%) + Panchagavya (5%) recorded the highest values for fruit length, diameter, weight, and volume. The maximum fruit length (3.82 cm, 3.93 cm, and 3.88 cm), fruit diameter (4.34 cm, 4.43 cm, and 4.39 cm), fruit weight (35.41 g, 36.62 g, and 36.02 g), and fruit volume (33.42 cc, 33.38 cc, and 33.40 cc) were observed during the years 2023, 2024, and in pooled analysis, respectively. These findings clearly suggest that the combined application of biofertilizers and bio-enhancers significantly improved fruit size and weight parameters in aonla, followed by the application of  T10-Azotobactor (50g/tree) + PSB (50g/tree) + Jivaamrit (20%) with the value of (3.64, 3.71 and 3.68cm, respectively) for length,  (4.31, 4.40 and 4.36cm respectively) for diameter, (34.02, 35.02 and 34.52g respectively) for weight and (32.35, 32.75 and 32.55cc) for volume of fruits. The minimum fruit length (2.51, 2.62 and 2.57cm, respectively), diameter (3.60, 3.67 and 3.64cm, respectively), weight (26.21, 26.80 and 26.51g, respectively) and volume (24.32, 3.00 and 33.40cc, respectively) was recorded in fruits produced in T1-control (Untreated plant). “This increase in fruit length, fruit diameter and fruit volume with the use of bio-fertilizers and bioenhancers might be due to the better supply of plant nutrients and growth hormones in appropriate amount during the entire crop period which resulted in an increased uptake of nutrients from the soil which has produced enough carbohydrates in the leaves” (Kumar et al., 2025), which ultimately results in “more plant height and ultimately more photosynthates for translocation to the sink resulted in the better filling of fruits which produced more length, diameter and volume of fruits” (Singh & Tripathi, 2020). These results conform with the findings of Chouhan and Tripathi (2024) in guava, Bhadauria and tripathi (2023) in mango, Kumar et al. (2025) in guava, Tripathi et al. (2014) in strawberry and Kumar et al. (2021) in aonla 
[bookmark: _Hlk206359871]Pulp weight, stone weight and stone diameter: The perusal of data related to pulp weight, stone weight and stone diameter (Table 3) revealed that the maximum pulp weight (33.89, 35.13 and 34.51g, respectively) and minimum stone diameter (1.92, 1.93 and 1.92 cm, respectively), stone weight (1.52, 1.50 and 1.51g, respectively) was recorded in aonla fruits, which were treated with the application of T9-Azotobactor (50g/tree) + PSB (50g/tree + Amritpani (10%) + Panchagavya (5%), which was statistically followed by the application of T10-Azotobactor (50g/tree) + PSB (50g/tree) + Jivaamrit (20%) with the value of (32.47, 33.50, 32.99g) for pulp weight and (1.94, 1.96 and  1.95 cm, respectively) for stone diameter (1.54, 1.52 and 1.53 g, respectively) for stone weight. The minimum pulp weight of (24.33, 24.93 and 24.63g, respectively) and maximum stone diameter (2.18, 2.20 and 2.19 cm, respectively), stone weight (1.88, 1.87 and 1.88g, respectively) were recorded in fruits produced from the plants kept in T1-control (Untreated plant). These results indicate that using biofertilizers together with bio- enhancers made a big difference in the weight of the fruit. The study noticed that the weight and size of the stone went down, while the amount of pulp in the fruit increased. This could be because the combination of organic manure and bio- fertilizers work well together. Among these, Azotobacter help fix nitrogen in the soil, while PSB (Phosphate Solubilizing Bacteria) makes more phosphorus available and ensures that other important nutrient are given to the plant at the right times. This mix nutrient the help the make substance that take plant hormone, which improves how well they take in nutrients and make the fruit better quality. Using vermicompost helps the plant grow more and develop better. Azotobscter also help the plants get more nitrogen PSB help them get more phosphorus. So the increase in pulp weight  and the decrease in the number and weight of seed in the fruit seen in this study might be because of the balanced nutrient and better availability of nitrogen and phosphorus  from using both bio fertilizer and vermicompost together. Similar findings have been reported by Tripathi et al. (2017) in strawberry, Mandal et al. (2013) in aonla, Jamra et al. (2018) in aonla and Bohane et al. (2016) in ber.
Pulp: stone ratio and specific gravity: The perusal of data in Table 3, related to pulp: stone ratio and specific gravity revealed that the maximum pulp: stone ratio (22.30, 22.33 and 22.32, respectively) and specific gravity (1.16, 1.17 and 1.17g/cm3, respectively) were recorded in aonla plants which were treated with the T9-Azotobactor (50g/tree) + PSB (50g/tree) + Amritpani (10%) + Panchagavya (5%), followed by the T10-Azotobactor (50g/tree) + PSB (50g/tree) + Jivaamrit (20%) with the value of 20.66, 21.02 and 20.84, respectively for pulp: stone ratio and 1.15, 1.16 and 1.16g/cm3, respectively for specific gravity, whereas, the minimum pulp: stone ratio (11.97, 12.13 and 12.05, respectively) and specific gravity (1.07, 1.08 and 1.08 g/cm³, respectively) were recorded in T1-control (Untreated) plants. The increase in pulp: stone ratio during present investigation may be attributed due to the acceleration in biochemical activities and in the accumulation of metabolites in plant parts, resulting from the synergistic effect of bio-inhancers and bio-fertilizers on the conversion and translocation of total sugars and minerals during fruit developmental and maturation period. These results got the support with the findings of Mandal et al. (2013) in aonla, Bhadauria et al. (2023) in mango, Singh et al. (2022) in aonla and Jamra et al. (2018) in aonla.
BIOCHEMICAL  ATTRIBUTES 
The effect of bio-enhancers and bio-fertilizers significantly influenced TSS (0Brix), total sugars (%), titratable acidity (%), TSS: acid ratio, fruit juice (%), ascorbic acid (mg), tannin content (%) and total phenolic acid (mg/100g) during both years of investigation. The application of T9-Azotobactor (50g/tree) + PSB (50g/tree) + Amritpani (10%) and Panchagavya (5%) consistently out performed others across all traits during investigation period.
TSS, total sugars, titratable acidity and TSS: acid ratio: The perusal of data related to TSS, total sugars, titratable acidity and TSS: acid ratio given in Table 4, revealed that the maximum TSS (10.46, 10.55 and 10.510Brix, respectively), total sugars (5.47, 5.52 and 5.50%  respectively), TSS: acid ratio (6.41, 6.55 and 6.48, respectively) with lowest acidity (1.63, 1.61 and 1.62%, respectively) were recorded in aonla fruits produced from the plants treated with the application of T9-Azotobacter (50g/tree) + PSB (50g/tree) + Amritpani (10%) + Panchagavya (5%), which was statistically followed by the application of T10-Azotobactor (50g/tree) + PSB (50g/tree) + Jivaamrit (20%) with the value of 10.23, 10.28 and 10.26 0Brix, respectively for TSS; 5.40, 5.45 and 5.43%, respectively for total sugar; 6.12, 6.08 and 6.10, respectiely for TSS: acid ratio and1.67, 1.69 and 1.6 % respectively for titratable acidity. The minimum TSS (8.50, 8.58 and 8.540Brix, respectively), total sugar (4.63, 4.67 and 4.65%, respectively), TSS: acid ratio (4.29, 4.42 and 4.36, respectively) and maximum tritable acidity (1.98%, 1.94% and 1.96%, respectively) in the pooled sample of T1-control (Untreated) plants. “The maximum gain in TSS, total sugars and TSS: acid ratio of aonla fruit might be due to the higher levels of water-soluble compounds, viz., sugars, vitamins and minerals, which were translocated and accumulated in mature fruit due to biochemical changes taking place during the fruit maturation stage” (Singh & Tripathi, 2020), vermicompost contributed to higher organic matter content, enhancing soil moisture retention and cation exchange capacity, which are crucial for sustained nutrient availability. Additionally, VAM and PSB facilitated better phosphorus solubilization and root proliferation, leading to improved carbohydrate accumulation in the fruit. These observations are in line with the report of Tripathi et al. (2017) in strawberry, Srivastava et al. (2019) in citrus, Katiyar et al. (2012) in ber and Kumar et al. (2015) in guava.
Fruit juice and ascorbic acid: The data show in Table 5 indicate that the fruit juice and ascorbic acid content were significantly influenced by the application of bio-enhancers and biofertilizers. The maximum fruit juice (64.36%, 64.73%, and 64.55%) and ascorbic acid (592.35 mg, 593.08 mg, and 592.72 mg) were observed with T₉ –Azotobacter (50 g/tree) + PSB (50 g/tree) + Amritpani (10%) + Panchagavya (5%). followed by Azotobacter (50 g/tree) + PSB (50 g/tree) + Jivaamrit (20%) – (T₁₀), which recorded fruit juice content of 62.51%, 62.92%, and 62.72%, and ascorbic acid content of 591.35 mg, 592.08 mg, and 591.72 mg during 2023, 2024, and pooled mean, respectively. These findings clearly indicate that the combined application of biofertilizers with organic bio-enhancers substantially enhanced the biochemical quality parameters of aonla fruits. whereas, the minimum fruit juice (50.43, 50.65 and 50.54%, respectively) and ascorbic acid (548.67, 549.40 and 549.04mg, respectively) were also reorded in the pooled data of T1-control (Untreated) plants. Additionally, the possible reasons for this increase in the ascorbic acid content might be the conversion of soluble sugars into ascorbic acid. The increased levels of NPK, vermicompost and biofertilizers induce the functioning of numerous enzymes in the physiological process. These substances supply essential nutrients, resulting in a proper and balanced nutrient supply that stimulates photosynthesis, carbohydrate and sugar metabolism, thereby improving fruit quality and ascorbic acid content. These findings are in agreement with the reports of Kumar et al. (2023) and Datta et al. (2024) in aonla, Tripathi et al. (2017) in strawberry, Srivastava et al. (2019) in citrus and Katiyar et al. (2012) in ber.
Total phenolic acid and tanin content: The perusal of data related to total phenolic acid and tannin given in Table 5, revealed that the maximum phenolic acid (171.56, 172.23 and 171.90mg/100g, respectively) and lowest tanin content (2.12, 2.16 and 2.14%, respectively) were recorded in aonla fruits which were produced from the plants treated with T9-Azotobactor (50g/tree) + PSB (50g/tree) + Amritpani (10%) + Panchagavya (5%),  followed by the treatment of T10-Azotobactor (50g/tree) + PSB (50g/tree)+ Jivaamrit (20%) with the value of 168.95, 169.52 and 169.24mg/100g, respectively for phenol and 2.16, 2.29 and 2.23%, respectively for tanin content. The minimum phenolic acid (157.23, 157.90 and 157.57 mg/100g, respectively) and maximum tannin (3.00, 3.02 and 3.01%, respectively) were recorded in treatment T1-control (Untreated) plant. “Tannins in aonla mainly contributed to astringency. High tannin content begins cross-linking and intermolecular interactions with salivary proteins. This leads to aggregation and precipitation of protein. Thus, it later induces the demise of lubrication in the mouth, causes contraction of epithelial tissues in the tongue and induces dryness in the mouth” (Kumari et al., 2024). These observations are in conformity with the findings of Sharma et al. (2020) in aonla, Pandey et al. (2025) in aonla and Rozar et al. (2024) in aonla.


Conclusion
On the basis of both year and pooled data obtainded during experimentation period, that treatment T9, consisting of Azotobacter (50g/tree) + PSB (50g/tree) + Amritpani (10%) + Panchagavya (5%) was the most effective in improving fruit length, fruit diameter, fruit volume, pulp weight, stone weight, stone diameter, fruit weight, specific gravity and pulp: stone ratio, TSS, total sugars, titratable acidity, TSS: acid ratio, fruit juice, ascorbic acid, tanin content and total phenolic acid in aonla fruits. Bioenhancers and biofertilizers are carrier-based preparations containing mainly effective strains of microorganisms in sufficient numbers, which are useful for nitrogen fixation. The study also highlighted that the integrated application of these components was superior to their individual use, suggesting a synergistic interaction that can be leveraged for sustainable and high-quality aonla production in the plains of north India.
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Table 2: Influence of bio-enhancers and bio-fertilizers on fruit size, weight and volume traits of aonla fruits
	Treatments Notation
	Fruit length (cm)
	Fruit diameter (cm)
	Fruit weight (g)
	Fruit volume (cc)

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	T1
	2.51
	2.62
	2.57
	3.60
	3.67
	3.64
	26.21
	26.80
	26.51
	24.32
	24.52
	24.42

	T2
	2.90
	3.19
	3.05
	3.82
	4.06
	3.94
	28.06
	28.63
	28.35
	27.08
	27.36
	27.22

	T3
	2.85
	3.15
	3.00
	3.74
	3.94
	3.84
	27.52
	27.98
	27.75
	26.46
	27.77
	27.12

	T4
	3.09
	3.39
	3.24
	3.97
	4.27
	4.12
	29.16
	29.77
	29.47
	27.25
	27.55
	27.40

	T5
	2.93
	3.22
	3.08
	3.85
	4.24
	4.05
	27.80
	28.30
	28.05
	26.73
	27.06
	26.90

	T6
	3.36
	3.45
	3.41
	4.21
	4.35
	4.28
	31.41
	32.24
	31.83
	29.54
	29.94
	29.74

	T7
	3.15
	3.35
	3.25
	4.17
	4.32
	4.25
	30.24
	30.85
	30.55
	28.31
	28.60
	28.46

	T8
	3.48
	3.54
	3.51
	4.26
	4.38
	4.32
	33.00
	34.04
	33.52
	31.63
	32.03
	31.83

	T9
	3.82
	3.93
	3.88
	4.34
	4.43
	4.39
	35.41
	36.62
	36.02
	33.42
	33.38
	33.40

	T10
	3.64
	3.71
	3.68
	4.31
	4.40
	4.36
	34.02
	35.02
	34.52
	32.35
	32.75
	32.55

	S.E. ±
	0.04
	0.04
	0.03
	0.06
	0.06
	0.05
	0.41
	0.46
	0.34
	0.47
	0.42
	0.23

	C.D. at 5% level
	0.13
	0.12
	0.09
	0.18
	0.18
	0.15
	1.22
	1.39
	1.03
	1.41
	1.26
	0.68








Table 3: Influence of bio-enhancers and bio-fertilizers on pulp, stone traits and their ratio in aonla fruits
	Treatments Notation
	Pulp weight (g)
	Stone weight (g)
	Stone diameter (cm)
	Pulp: stone ratio
	Specific gravity (g/cm3)

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	T1
	24.33
	24.93
	24.63
	1.88
	1.87
	1.88
	2.18
	2.20
	2.19
	11.97
	12.13
	12.05
	1.07
	1.08
	1.08

	T2
	26.36
	26.94
	26.65
	1.70
	1.69
	1.70
	2.13
	2.15
	2.14
	14.33
	14.39
	14.36
	1.10
	1.11
	1.11

	T3
	25.78
	26.26
	26.02
	1.74
	1.72
	1.73
	2.16
	2.18
	2.17
	13.71
	13.72
	13.72
	1.08
	1.09
	1.09

	T4
	27.52
	28.14
	27.83
	1.65
	1.63
	1.64
	2.08
	2.11
	2.09
	15.75
	15.81
	15.78
	1.11
	1.12
	1.12

	T5
	26.13
	26.65
	26.39
	1.67
	1.65
	1.66
	2.11
	2.13
	2.12
	14.61
	14.63
	14.62
	1.10
	1.11
	1.11

	T6
	29.82
	30.66
	30.24
	1.59
	1.58
	1.59
	2.02
	2.03
	2.02
	17.92
	17.96
	17.94
	1.13
	1.14
	1.14

	T7
	28.63
	28.44
	28.54
	1.61
	1.60
	1.61
	2.05
	2.06
	2.05
	16.78
	16.83
	16.81
	1.12
	1.13
	1.13

	T8
	31.44
	32.50
	31.97
	1.56
	1.54
	1.55
	1.96
	1.98
	1.97
	19.49
	19.50
	19.50
	1.14
	1.15
	1.15

	T9
	33.89
	35.13
	34.51
	1.52
	1.50
	1.51
	1.92
	1.93
	1.92
	22.30
	22.33
	22.32
	1.16
	1.17
	1.17

	T10
	32.47
	33.50
	32.99
	1.54
	1.52
	1.53
	1.94
	1.96
	1.95
	20.66
	21.02
	20.84
	1.15
	1.16
	1.16

	S.E. ±
	0.48
	0.37
	0.37
	0.03
	0.02
	0.01
	0.03
	0.02
	0.03
	0.23
	0.26
	0.16
	0.01
	0.01
	0.01

	C.D. at 5% level
	1.46
	1.10
	1.10
	0.09
	0.05
	0.05
	0.01
	0.07
	0.09
	0.71
	0.78
	0.47
	0.04
	0.05
	0.03
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Table 4: Influence of bio-enhancers and bio-fertilizers on TSS, total sugars, acidity and their ratio in aonla fruits
	Treatments Notation
	TSS (0Brix)
	Total sugars (%)
	Titratable acidity (%)
	TSS: acid ratio

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	T1
	8.50
	8.58
	8.54
	4.63
	4.67
	4.65
	1.98
	1.94
	1.96
	4.29
	4.42
	4.36

	T2
	9.02
	9.10
	9.06
	4.86
	4.89
	4.88
	1.89
	1.84
	1.87
	4.77
	4.94
	4.86

	T3
	8.89
	8.96
	8.93
	4.73
	4.76
	4.75
	1.92
	1.89
	1.91
	4.63
	4.75
	4.69

	T4
	9.41
	9.52
	9.47
	5.24
	5.28
	5.26
	1.81
	1.78
	1.80
	5.19
	5.33
	5.26

	T5
	9.23
	9.29
	9.26
	5.19
	5.23
	5.21
	1.85
	1.81
	1.83
	4.98
	5.12
	5.05

	T6
	9.82
	10.01
	9.92
	5.30
	5.34
	5.32
	1.74
	1.70
	1.72
	5.64
	5.88
	5.76

	T7
	9.64
	9.75
	9.70
	5.27
	5.30
	5.29
	1.78
	1.75
	1.77
	5.41
	5.57
	5.49

	T8
	10.05
	10.18
	10.12
	5.36
	5.39
	5.38
	1.71
	1.67
	1.69
	5.87
	6.09
	5.98

	T9
	10.46
	10.55
	10.51
	5.47
	5.52
	5.50
	1.63
	1.61
	1.62
	6.41
	6.55
	6.48

	T10
	10.23
	10.28
	10.26
	5.40
	5.45
	5.43
	1.67
	1.69
	1.68
	6.12
	6.08
	6.10

	S.E. ±
	0.11
	0.14
	0.09
	0.04
	0.07
	0.05
	0.02
	0.02
	0.01
	0.08
	0.07
	0.06

	C.D. at 5% level
	0.34
	0.44
	0.28
	0.14
	0.23
	0.15
	0.06
	0.08
	0.05
	0.24
	0.22
	0.18


	
                    




Table 5: Influence of bio-enhancers and bio-fertilizers on juice, ascorbic acid, tanin and phenol content in fruits of aonla
	Treatments Notation
	Fruit juice (%)
	Ascorbic acid (mg)
	Total phenolic acid (mg/100g)
	Tanin content (%)

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	T1
	50.43
	50.65
	50.54
	548.67
	549.40
	549.04
	157.23
	157.90
	157.57
	3.00
	3.02
	3.01

	T2
	52.72
	53.26
	52.99
	565.63
	566.36
	566.00
	160.23
	160.90
	160.57
	2.40
	2.42
	2.41

	T3
	51.57
	54.63
	53.10
	567.35
	568.08
	567.72
	159.56
	160.23
	159.90
	2.43
	2.45
	2.44

	T4
	54.26
	52.00
	53.13
	577.14
	577.87
	577.51
	163.25
	163.92
	163.59
	2.33
	2.36
	2.35

	T5
	52.23
	52.75
	52.49
	573.25
	573.98
	573.62
	161.21
	161.88
	161.55
	2.36
	2.38
	2.37

	T6
	57.45
	58.80
	58.13
	589.35
	590.08
	589.72
	166.45
	167.12
	166.79
	2.24
	2.27
	2.26

	T7
	55.64
	57.84
	56.74
	582.35
	583.08
	582.72
	165.24
	165.91
	165.58
	2.29
	2.31
	2.30

	T8
	60.23
	61.10
	60.67
	590.02
	590.75
	590.39
	167.85
	168.52
	168.19
	2.20
	2.23
	2.22

	T9
	64.36
	64.73
	64.55
	592.35
	593.08
	592.72
	171.56
	172.23
	171.90
	2.12
	2.16
	2.14

	T10
	62.51
	62.92
	62.72
	591.35
	592.08
	591.72
	168.95
	169.52
	169.24
	2.16
	2.29
	2.23

	S.E. ±
	1.05
	0.87
	0.74
	6.91
	6.91
	5.58
	2.81
	2.48
	1.65
	0.03
	0.03
	0.02

	C.D. at 5% level
	3.16
	2.62
	2.23
	20.69
	20.69
	16.70
	8.43
	7.45
	4.94
	0.10
	0.10
	0.07


	


