Intensification of aonla (Emblica officinalis Gaertn.) production through integrated nutrient management
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Abstract 
The present experiment entitled “Intensification of aonla (Emblica officinalis Gaertn.) production through integrated nutrient management was conducted at School of Agricultural Sciences, Vikrant University, Gwalior, Madhya Pradesh during rabi 2023-24 to Rabi 2024-25.  The experiment was laid out in randomised block design  in three replication with following 9 treatments, viz., T1= Control (No nutrients), T2= 25 kg FYM + 100% RDF, T3 = 25 kg FYM + 100% RDF + Biofertilizers, T4= 10 kg Vermicompost + 100% RDF + Biofertilizers, T5= 12.5 kg FYM + 5 kg Vermicompost + 100% RDF + Biofertilizers,  T6= 25 kg FYM + 10 kg Vermicompost + 75% RDF + Biofertilizers, T7=  25 kg FYM + 10 kg Vermicompost + 50% RDF + Biofertilizers T8= 25 kg FYM + 10 kg Vermicompost + 100% RDF + Biofertilizers, T9 = 25 kg FYM + 10 kg Vermicompost + 100% RDF (No Biofertilizers). The result of the study revealed that maximum plant height (350.40cm), Canopy Spread (3.65m), Shoot Length (30.3cm), Fruits per tree (325), Average fruit weight (50.5g), Total Yield per Tree (14.3kg) and Ascorbic Acid (617.6 mg/100g), was recorded in T6. While 
Titratable Acidity (%) of Aonla	Soil pH Organic Carbon, Nitrogen (kg/ha) Available Phosphorus (kg/ha), Available Potassium (kg/ha), Microbial Activity (cfu/g soil) TSS
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Introduction
Emblica officinalis Gaertn. (Aonla or Indian gooseberry) is a hardy, deciduous, and highly valued fruit tree native to the Indian subcontinent. Aonla is widely recognized for its exceptional medicinal and nutritional properties, particularly as one of the richest natural sources of Vitamin C. Owing to its strong antioxidant, hepatoprotective, anti-inflammatory, and immunomodulatory properties, it holds a prominent place in Ayurveda, Siddha, and Unani medicine systems Mavaji et al., (2019). In recent years, it has also gained substantial commercial demand from the nutraceutical, food processing, and cosmetic industries.
Despite its adaptability to varied climatic conditions and its tolerance to drought and marginal soils, the productivity of Aonla in India remains considerably lower than its genetic potential  Datta et. al, (2024). The major reason for this productivity gap lies in poor nutrient management practices. Aonla is a perennial tree that requires a balanced and steady supply of nutrients over the long term. However, present farming practices are often characterized by either excessive dependence on chemical fertilizers or exclusive reliance on organic manures. Chemical fertilizers, though offering rapid improvement in early stages, often degrade soil health in the long run by disturbing nutrient cycling and reducing beneficial microbial activity. On the other hand, organic manures improve soil structure and biological activity but are typically unable to meet the complete macro- and micronutrient requirements of the crop.
This imbalance in nutrient supply leads to poor fruit set, low yield, and inferior quality fruits, besides causing gradual soil nutrient depletion (Sahi and Gupta, 2015). Therefore, a more holistic and sustainable strategy for nutrient supplementation is required to ensure long-term productivity, soil fertility, and ecological balance.
Integrated Nutrient Management (INM) has emerged as a promising solution to these challenges. INM involves the combined application of chemical fertilizers, organic manures, and biofertilizers in a balanced manner to augment nutrient availability, improve soil health, and enhance fertilizer use efficiency. In perennial fruit trees like Aonla, INM can potentially improve vegetative growth, fruit yield, fruit quality (especially Vitamin C content), and soil fertility through improved nutrient cycling and sustained microbial activity (Pandey et al., 2013).
While INM has been widely studied in cereals and vegetables such as rice, wheat, maize, tomato, and banana, there is a scarcity of comprehensive and field-based studies on its application in Aonla orchards. Understanding the response of Aonla trees to different INM combinations is essential to designing sustainable nutrient management packages suited to different agro-climatic conditions. This study, therefore, aims to evaluate the effect of different INM treatments on growth, yield, fruit quality, and soil fertility under Aonla cultivation.
The main problem addressed in this study is the low productivity and poor fruit quality of Aonla in India, largely resulting from unbalanced and inefficient nutrient management practices. Farmers often resort to heavy use of chemical fertilizers or exclusive reliance on organic manures, both of which fail to meet the long-term nutrient demands of this perennial crop Singh, A.K., (2024).
Excessive dependence on chemical fertilizers leads to soil acidification, salinity build-up, and the decline of beneficial microbial populations. Conversely, sole use of organic amendments may not fulfil the complete nutrient requirement, resulting in weak growth and suboptimal yield. This nutrient imbalance ultimately affects fruit quality, Vitamin C retention, and overall orchard longevity Singh et al., 2025).
To address these limitations, the study proposes an Integrated Nutrient Management (INM) approach that combines organic, inorganic, and biofertilizer inputs. Such integration is expected to restore soil health, enhance nutrient use efficiency, and sustainably increase fruit yield and quality. Thus, the study seeks to provide a science-based solution for improving Aonla productivity in an eco-friendly and economically viable manner.
This study holds major agronomic, economic, and environmental significance. The findings will provide practical guidance for farmers to adopt balanced and efficient nutrient strategies that enhance yield and fruit quality while preserving soil health. The use of INM can substantially reduce the external input costs associated with overuse of chemical fertilizers and improve farm profitability. It also supports national goals of sustainable agriculture by promoting eco-friendly nutrient management practices that mitigate soil degradation and environmental pollution Chawala et al., (2020) and Kumavat et al., 2014.
Furthermore, the study can contribute to agri-policy formulation by generating evidence in favor of wider adoption of INM in perennial fruit crops. It has the potential to uplift small and marginal farmers cultivating Aonla by enabling more stable productivity, increased market value of produce, and long-term orchard sustainability.
Material Method 
The present experiment entitled “Intensification of aonla (Emblica officinalis Gaertn.) production through integrated nutrient management was conducted at School of Agricultural Sciences, Vikrant University, Gwalior, Madhya Pradesh during rabi 2023-24 to Rabi 2024-25.  The experiment was laid out in randomised block design  in three replication with following 9 treatments, viz., T1= Control (No nutrients), T2= 25 kg FYM + 100% RDF, T3 = 25 kg FYM + 100% RDF + Biofertilizers, T4= 10 kg Vermicompost + 100% RDF + Biofertilizers, T5= 12.5 kg FYM + 5 kg Vermicompost + 100% RDF + Biofertilizers,  T6= 25 kg FYM + 10 kg Vermicompost + 75% RDF + Biofertilizers, T7=  25 kg FYM + 10 kg Vermicompost + 50% RDF + Biofertilizers T8= 25 kg FYM + 10 kg Vermicompost + 100% RDF + Biofertilizers, T9 = 25 kg FYM + 10 kg Vermicompost + 100% RDF (No Biofertilizers).
Parameters:
The following parameters were observed 
Plant height (cm) , canopy spread (m) , shoot length (cm) , number of fruits per tree ,  average fruit weight (g),  total yield per tree (kg) , total soluble solids (TSS, °brix) , ascorbic acid content (mg/100 g pulp) ,  titratable acidity (%), soil Ph , organic carbon (%) available nitrogen (kg/ha) ,available phosphorus (kg/ha) ,  available potassium (kg/ha) , microbial activity (cfu/g soil).
 Result and Discussion 
Growth Parameters
Plant height
Plant height was markedly influenced by nutrient treatments in both experimental years. The lowest height was recorded under the control (T₁: 274.5 cm pooled), reflecting the nutrient deficiency of an untreated orchard. The highest pooled height was obtained in T6 (350.4 cm), closely followed by T8 (347.6 cm). These two treatments were statistically at par, indicating that a 25% reduction in RDF can be compensated by adding FYM, vermicompost, and biofertilizers without compromising growth performance. This demonstrates that biological nutrient cycling, humic substance enrichment, and improved soil aeration induced by organic inputs can substitute a fraction of chemical fertilizer, confirming the sustainability of partially-reduced RDF regimes. Similar findings were reported by Thakur et al. (2024) in Aonla, where RDF + FYM + biofertilizers resulted in the tallest plants and strongest vegetative response.
Canopy spread
A similar trend was observed for canopy spread, where T6 (3.67 m) again recorded the highest value, followed by T8 (3.65 m), with both significantly superior over RDF alone. The increased canopy spread under integrated regimes may be attributed to a more balanced and continuous release of nutrients, promotion of beneficial rhizosphere microorganisms, and improved soil aggregation, which collectively enable sustained vegetative expansion. Larger canopy coverage ensures higher interception of photosynthetically active radiation, constructing a stronger source mechanism which in turn supports better flowering and fruit setting - an attribute that directly translates into increased yield. These results align with the observations by Sharma et al. (2023) in multipurpose fruit trees.







	Treatment 

	Plant Height
	Canopy Spread
	Shoot Length
	Fruits per tree
	Average fruit weight

	
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	T₁=Control (No nutrients)
	270.403
	278.600
	274.500
	2.853
	2.940
	2.940
	21.600
	22.800
	25.400
	217.997
	226.003
	222.003
	36.500
	37.200
	36.897

	T₂= 25 kg FYM + 100% RDF
	310.703
	318.900
	314.800
	3.207
	3.323
	3.320
	25.400
	26.900
	27.100
	267.997
	277.000
	273.000
	42.300
	43.700
	42.997

	T₃=25 kg FYM + 100% RDF + Biofertilizers
	325.300
	334.600
	329.900
	3.350
	3.467
	3.470
	27.100
	28.700
	26.800
	288.003
	298.000
	293.000
	45.200
	46.797
	46.000

	T₄= 10 kg Vermicompost + 100% RDF + Biofertilizers
	322.800
	331.200
	327.000
	3.320
	3.450
	3.450
	26.800
	28.300
	28.200
	283.000
	292.003
	288.000
	44.600
	46.000
	45.303

	T₅= 12.5 kg FYM + 5 kg Vermicompost + 100% RDF + Biofertilizers
	335.903
	344.700
	340.300
	3.480
	3.613
	3.610
	28.200
	29.800
	29.400
	302.000
	313.997
	307.997
	47.103
	48.800
	48.000

	T₆= 25 kg FYM + 10 kg Vermicompost + 75% RDF + Biofertilizers
	345.200
	355.600
	350.400
	3.600
	3.740
	3.740
	29.400
	31.100
	27.500
	317.997
	331.000
	325.003
	49.603
	51.300
	50.500

	T₇= 25 kg FYM + 10 kg Vermicompost + 50% RDF + Biofertilizers
	330.403
	338.700
	334.600
	3.410
	3.520
	3.520
	27.500
	28.900
	29.103
	295.003
	304.000
	300.000
	46.000
	47.500
	46.800

	T₈= 25 kg FYM + 10 kg Vermicompost + 100% RDF + Biofertilizers
	342.700
	352.500
	347.600
	3.570
	3.717
	3.720
	29.100
	30.700
	26.700
	312.000
	326.003
	319.000
	48.900
	50.700
	49.800

	T₉= 25 kg FYM + 10 kg Vermicompost + 100% RDF (No Biofertilizers)
	319.600
	328.397
	324.003
	3.287
	3.407
	3.410
	26.700
	28.100
	1.176
	280.000
	289.000
	285.003
	43.700
	44.897
	44.300

	C.D.
	16.319
	15.708
	13.139
	0.162
	0.141
	0.167
	1.204
	1.268
	0.389
	11.120
	9.141
	16.189
	2.383
	2.484
	2.207

	SE(m)
	5.397
	5.195
	4.345
	0.054
	0.047
	0.055
	0.398
	0.419
	0.550
	3.677
	3.023
	5.354
	0.788
	0.822
	0.730

	SE(d)
	7.632
	7.347
	6.145
	0.076
	0.066
	0.078
	0.563
	0.593
	2.507
	5.201
	4.275
	7.571
	1.115
	1.162
	1.032

	C.V.
	2.898
	2.715
	2.301
	2.779
	2.336
	2.940
	2.568
	2.560
	2.579
	2.236
	1.774
	3.194
	3.042
	3.072
	2.772



	Treatment 

	Total Yield per Tree (kg)

	 Ascorbic Acid  
	Titratable Acidity (%) of Aonla
	Soil pH 

	Organic Carbon 


	
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	T₁=Control (No nutrients)
	7.900
	8.300
	8.100
	524.60
	532.30
	528.50
	1.760
	1.720
	1.740
	7.610
	7.583
	7.600
	0.420
	0.420
	0.427

	T₂= 25 kg FYM + 100% RDF
	11.300
	11.800
	11.600
	563.80
	571.50
	567.70
	1.653
	1.613
	1.630
	7.480
	7.450
	7.470
	0.510
	0.510
	0.520

	T₃=25 kg FYM + 100% RDF + Biofertilizers
	12.397
	12.900
	12.703
	584.20
	593.00
	588.60
	1.560
	1.520
	1.537
	7.423
	7.390
	7.410
	0.560
	0.560
	0.570

	T₄= 10 kg Vermicompost + 100% RDF + Biofertilizers
	12.100
	12.700
	12.400
	580.60
	589.40
	585.00
	1.580
	1.543
	1.563
	7.440
	7.400
	7.420
	0.553
	0.553
	0.557

	T₅= 12.5 kg FYM + 5 kgax Vermicompost + 100% RDF + Biofertilizers
	13.000
	13.600
	13.300
	596.20
	605.70
	601.00
	1.480
	1.440
	1.460
	7.380
	7.347
	7.367
	0.600
	0.600
	0.620

	T₆= 25 kg FYM + 10 kg Vermicompost + 75% RDF + Biofertilizers
	13.903
	14.600
	14.300
	612.80
	622.40
	617.60ᵃ
	1.410
	1.370
	1.390
	7.320
	7.280
	7.300
	0.670
	0.670
	0.690

	T₇= 25 kg FYM + 10 kg Vermicompost + 50% RDF + Biofertilizers
	12.797
	13.300
	13.097
	590.7
	599.20
	595.00
	1.517
	1.480
	1.500
	7.407
	7.360
	7.390
	0.587
	0.587
	0.597

	T₈= 25 kg FYM + 10 kg Vermicompost + 100% RDF + Biofertilizers
	13.603
	14.403
	14.000
	608.4
	618.0
	613.20
	1.430
	1.387
	1.410
	7.350
	7.310
	7.333
	0.650
	0.650
	0.673

	T₉= 25 kg FYM + 10 kg Vermicompost + 100% RDF (No Biofertilizers)
	11.900
	12.400
	12.197
	574.50
	582.80
	578.60
	1.617
	1.593
	1.610
	7.500
	7.470
	7.487
	0.530
	0.530
	0.540

	C.D.
	0.685
	0.418
	0.678
	29.792
	32.109
	19.483
	0.074
	0.068
	0.092
	N/A
	N/A
	N/A
	0.023
	0.023
	0.031

	SE(m)
	0.227
	0.138
	0.224
	9.852
	10.619
	6.443
	0.024
	0.022
	0.031
	0.085
	0.134
	0.107
	0.008
	0.008
	0.010

	SE(d)
	0.320
	0.195
	0.317
	13.933
	15.017
	9.112
	0.035
	0.032
	0.043
	0.121
	0.190
	0.152
	0.011
	0.011
	0.015

	C.V.
	3.244
	1.889
	3.130
	2.933
	3.115
	1.904
	2.718
	2.564
	3.441
	1.985
	3.143
	2.504
	2.362
	2.362
	3.102



	Treatment 

	
Nitrogen (kg/ha)

	Available Phosphorus (kg/ha)
	Available Potassium (kg/ha)

	Microbial Activity
(cfu/g soil)
	[bookmark: _Hlk211291307]TSS

	
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	T₁=Control (No nutrients)
	236.500
	239.200
	237.897
	18.197
	18.500
	18.400
	214.600
	218.303
	216.500
	14.200
	14.900
	14.597
	8.2
	8.4
	8.3

	T₂= 25 kg FYM + 100% RDF
	262.800
	267.100
	265.003
	21.600
	22.003
	21.800
	236.400
	241.800
	239.100
	18.697
	19.500
	19.100
	9.1
	9.4
	9.3

	T₃=25 kg FYM + 100% RDF + Biofertilizers
	278.403
	283.703
	281.100
	23.800
	24.297
	24.100
	248.700
	254.100
	251.400
	22.397
	23.297
	22.900
	9.8
	10.1
	10.0

	T₄= 10 kg Vermicompost + 100% RDF + Biofertilizers
	276.200
	281.500
	278.900
	23.400
	23.897
	23.700
	246.300
	251.700
	249.000
	21.900
	22.800
	22.400
	9.6
	10.0
	9.8

	T₅= 12.5 kg FYM + 5 kg Vermicompost + 100% RDF + Biofertilizers
	288.697
	295.103
	291.903
	25.100
	25.800
	25.500
	258.900
	265.400
	262.200
	24.600
	25.803
	25.200
	10.2
	10.6
	10.4

	T₆= 25 kg FYM + 10 kg Vermicompost + 75% RDF + Biofertilizers
	302.500
	310.303
	306.400
	27.597
	28.300
	28.000
	272.400
	280.100
	276.300
	27.100
	28.400
	27.800
	10.8
	11.2
	11.0

	T₇= 25 kg FYM + 10 kg Vermicompost + 50% RDF + Biofertilizers
	283.900
	289.397
	286.700
	24.503
	25.103
	24.800
	251.500
	257.300
	254.400
	23.700
	24.500
	24.100
	10.0
	10.3
	10.2

	T₈= 25 kg FYM + 10 kg Vermicompost + 100% RDF + Biofertilizers
	298.603
	306.103
	302.403
	26.903
	27.597
	27.200
	268.700
	276.000
	272.400
	26.400
	27.600
	27.000
	10.7
	11.1
	10.9

	T₉= 25 kg FYM + 10 kg Vermicompost + 100% RDF (No Biofertilizers)
	270.400
	274.600
	272.500
	22.800
	23.300
	23.100
	240.500
	245.700
	243.100
	20.300
	21.200
	20.800
	9.5
	9.8
	9.7

	C.D.
	10.110
	13.776
	12.571
	1.182
	1.139
	1.239
	11.409
	8.743
	13.624
	1.098
	1.232
	1.181
	0.576
	0.509
	0.418

	SE(m)
	3.343
	4.556
	4.157
	0.391
	0.377
	0.410
	3.773
	2.891
	4.506
	0.363
	0.408
	0.390
	0.190
	0.168
	0.138

	SE(d)
	4.728
	6.443
	5.879
	0.553
	0.533
	0.580
	5.336
	4.089
	6.372
	0.514
	0.576
	0.552
	0.269
	0.238
	0.195

	C.V.
	2.086
	2.788
	2.569
	2.849
	2.684
	2.949
	2.628
	1.968
	3.102
	2.841
	3.054
	2.985
	3.266
	2.983
	2.405



Shoot Length 
Shoot length also followed the same pattern, with the shortest shoots in T1 (22.2 cm) and the longest in T6 (30.3 cm), followed by T₈ (29.9 cm). The partial RDF substitution treatments also outperformed full RDF (T₂), underlining that integrated nutrient supply promotes uninterrupted shoot elongation through improved soil structure, moisture retention, and microbial mineralization. Organic manures support root proliferation and nutrient absorption, while biofertilizers actively solubilize phosphorus and fix atmospheric nitrogen, ensuring steady nutrient delivery to growing tissues. These findings corroborate those of Bhatt et al. (2023), who noted maximum shoot proliferation in Aonla under combined FYM and microbial inoculants.
Yield Parameters
Fruits Per Tree 
Yield determinants including number of fruits per tree, fruit weight, and total yield were all substantially enhanced through integrated nutrient management. The minimum fruit count (222 fruits) was observed in the control (T₁), while the maximum (325 fruits) was recorded in T6 followed by T8 (319 fruits). The increased fruit number under INM likely stems from higher photosynthetic capacity, better assimilate partitioning, and enhanced floral development due to improved nutrient and carbon economy in the plant system,
Average fruit weight
Likewise, average fruit weight was highest in T6 (50.5 g) and at par with T8 (49.8 g), compared to only 43.0 g in the RDF-alone treatment (T₂). This indicates that organics not only facilitate growth but also contribute to fruit development by improving moisture retention, micronutrient bioavailability, and cellular expansion. The improved physiological maturity of fruits under INM is indicative of better sink strength and carbohydrate deposition.
Total yield per tree
The total yield per tree was also highest under T6 (14.3 kg), statistically comparable with T8 (14.0 kg), both of which significantly surpassed full RDF alone (11.6 kg). Notably, a 25% reduction in RDF under T6 performed equivalently to 100% RDF under T8, demonstrating that strategic integration of organic and biological sources provides a reliable buffering mechanism and improves fertilizer use efficiency. The gradual mineralization from organics supplemented the immediate-release nutrients from chemical fertilizers, creating a synchronized nutrient supply regime throughout critical phenophases. These findings reinforce the view of Mishra et al. (2023) that INM strengthens both yield and sustainability while lowering fertilizer dependency.
Fruit Quality Parameters
The INM practices also exerted a positive influence on fruit quality attributes. TSS (°Brix) was significantly higher in integrated treatments, ranging from 10.4-11.0 °Brix in T5, T6, and T8 compared to only 8.3 °Brix in the control. Nutrient-enriched plants optimize sugar accumulation pathways, supporting higher soluble solids in the fruit. The role of biofertilizers in improving micronutrient mobilization and root enzymatic activity also supports metabolic pathways responsible for carbohydrate synthesis, leading to sweeter fruits, Prasad, et al., 2017.
Ascorbic acid content 
 Ascorbic acid content followed a similar trend, with the highest pooled value in T6 (617.6 mg/100 g), significantly exceeding T2 (567.7 mg/100 g). Since Aonla is naturally rich in vitamin C, maintaining optimal nutrient balance is crucial for sustaining antioxidant enzyme pathways that regulate L-ascorbic acid biosynthesis. INM improves trace element uptake (especially Fe and Zn), which act as cofactors in these biosynthetic processes. Chandan et al., 2018.
Titratable acidity 
Titratable acidity was lowest in T6 (1.39%) followed closely by T8 (1.41%), compared to 1.74% under control. Lower acidity in fruit enhances consumer acceptability by improving taste balance. The decline in acidity under INM reflects better sugar–acid equilibrium due to enhanced physiological maturity and metabolic balance. These results are consistent with Dotaniya et al. (2023), who recorded reduced acidity and superior palatability in INM-treated Aonla trees. 
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