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Abstract 
A field experiment was conducted during the Rabi season of 2025-2026 at the Horticulture Experimental Field, Department of Horticulture, School of Advanced Agriculture Sciences and Technology, Chhatrapati Shahu Ji Maharaj University, Kanpur, Uttar Pradesh, India, to evaluate the effects of organic and inorganic nutrient sources on growth, yield and quality attributes of radish (Raphanus sativus L.) cv. Pusa Desi. The experiment was laid out in a randomised block design with ten treatments and three replications. The treatments included the recommended dose of inorganic fertilisers, organic nitrogen sources through farmyard manure, vermicompost and plant-based compost, and their combinations with phosphate-solubilising bacteria. Integrated nutrient application improved most growth and yield traits compared with sole organic nutrient sources. Among the treatments, T6, consisting of 75% NPK + 25% nitrogen through vermicompost + phosphate-solubilising bacteria at 25 ml/kg, recorded the highest plant height (34.91 cm), leaf length (32.25 cm), number of leaves per plant (15.11), shoot dry weight (16.13 g), shoot fresh weight (213.58 g), root length (24.42 cm), root diameter (3.77 cm), average root weight (113.19 g) and root yield (285.29 q/ha). Quality attributes varied among treatments. T7, consisting of 75% NPK + 25% nitrogen through plant-based compost + phosphate-solubilising bacteria at 25 ml/kg, recorded the highest total soluble solids (5.33 °Brix) and ascorbic acid content (15.58 mg/100 g). The findings indicate that integrated use of inorganic fertilisers, organic nutrient sources and phosphate-solubilising bacteria can improve radish growth, yield and selected quality parameters under the agro-climatic conditions of Kanpur.
Keywords: Radish; Raphanus sativus L.; Pusa Desi; integrated nutrient management; vermicompost; farmyard manure; plant-based compost; inorganic fertilisers; phosphate-solubilising bacteria; root yield; ascorbic acid


INTRODUCTION:
Radish (Raphanus sativus L.) is a popular root vegetable belonging to the family Cruciferae and is grown worldwide. It has 2n = 2x = 18 chromosomes and is considered to have originated in Europe or Asia (Thompson & Kelly, 1957). The family Cruciferae, also known as Brassicaceae, includes more than 350 genera. Radish is cultivated for its fleshy roots and leaves in tropical and temperate climates and is widely grown in Asia (India, China, Japan and Korea), Europe and the USA. Although protected cultivation can be used for early production, large-scale field cultivation is more common in India. The young tender tuberous root is consumed raw as a salad or cooked as a vegetable. Radish is an important and nutritious root crop, containing per 100 g edible portion 94.4 g moisture, 3.4 g carbohydrate, 0.7 g protein, 0.1 g fat, 0.8 g fibre and 50 IU vitamin A (Giri et al., 2025). It provides minerals such as calcium, potassium and phosphorus and is a good source of vitamin C, ranging from 15 to 40 mg per 100 g of edible portion. Current vegetable production emphasises not only higher yield but also improved produce quality, because quality produce generally attracts better market prices. Several factors, including variety, planting season, nutrition and irrigation, play important roles in determining radish yield and quality (Dongarwar et al., 2018).
Optimum nutrition through organic, inorganic and biofertiliser sources is important for producing good-quality radish sustainably. Organic agricultural practices rely on the recycling of crop residues, animal manure, farm organic residues and other wastes. Organic manures have a dual role, supplying essential nutrients to crops while improving soil physical properties through better aggregation and structure. Their application increases water-holding capacity and phosphorus availability. In addition, organic manures improve fertiliser-use efficiency and stimulate beneficial microbial activity. The gradual release of nutrients from organic sources also minimises nitrogen losses and improves overall nutrient retention in the soil (Weil & Brady, 2017). Farmyard manure, because of its bulky nature, helps alleviate soil compaction and improve soil aeration while supplying essential plant nutrients and organic matter. Its incorporation into the soil promotes the establishment and activity of beneficial microorganisms and contributes to humus build-up, thereby enhancing overall soil fertility and health (Sande et al., 2024).
Vermicompost is a rich source of essential macronutrients, such as nitrogen, phosphorus (P₂O₅), potassium (K₂O), calcium and magnesium, as well as micronutrients including iron, manganese, zinc and copper. As a slow-release organic amendment, vermicompost contains macro- and micronutrients largely in chelated forms, enabling sustained nutrient availability and helping meet crop nutrient requirements over an extended period. Its application reduces the carbon-to-nitrogen ratio while increasing humic acid concentration, cation exchange capacity and water-soluble carbohydrate levels in the soil.
Excessive reliance on chemical fertilisers can adversely affect produce quality and increase production costs, thereby reducing farmers’ net income and profitability. Integrated nutrient management emphasises the balanced use of inorganic fertilisers in combination with organic manures to enhance soil fertility and improve crop yield potential (Kumar et al., 2013). Recent evidence from radish and broader crop studies indicates that combining organic nutrient sources, vermicompost, inorganic fertilisers and microbial inoculants can improve nutrient availability, crop growth, yield and soil-related attributes, supporting the evaluation of integrated nutrient combinations in radish (Ajmeri et al., 2024; Alzate Zuluaga et al., 2024; Pang et al., 2024; Sande et al., 2024). Rhizosphere-mediated interactions among roots, soil and beneficial microorganisms are also important in integrated nutrient management because they influence nutrient transformation and availability in crop production systems (Adal, 2023).
Research gap: Although earlier studies have examined organic manures, vermicompost, inorganic fertilisers and microbial inoculants in radish and other crop systems, limited location-specific information is available on the combined use of farmyard manure, vermicompost or plant-based compost with reduced NPK and phosphate-solubilising bacteria for radish cv. Pusa Desi under the agro-climatic conditions of Kanpur. Therefore, a field evaluation under local conditions was required to identify nutrient combinations that could support growth, yield and selected quality attributes without relying solely on either organic or inorganic sources.
Objective: The objective of the present study was to evaluate the effects of organic and inorganic fertilisers, applied alone or in combination with phosphate-solubilising bacteria, on the growth, yield and quality parameters of radish (Raphanus sativus L.) cv. Pusa Desi under the experimental conditions of Kanpur.
MATERIALS AND METHODS:
The experiment was conducted during the Rabi season (2025-26) at the Horticulture Experimental Field, Department of Horticulture, School of Advanced Agriculture Sciences and Technology (SAAST), Chhatrapati Shahu Ji Maharaj University, Kanpur, Uttar Pradesh, India. The experimental site is located at 26.50° N latitude and 80.26° E longitude. The study area falls within the North Indo-Gangetic Plain agro-climatic region (Zone IV), characterised by a semi-arid climate with distinct seasonal variations. Annual rainfall ranges from 800 to 1000 mm, predominantly during the monsoon period. During the experimental season, moderate winter temperatures and favourable sunshine conditions supported crop growth. The experiment was conducted on sandy loam soil with good drainage and water-holding capacity, which was suitable for radish cultivation. These soil conditions favoured nutrient availability, root development and microbial activity. The experiment was laid out in a randomised block design (RBD) with 10 treatments and three replications. The ten treatments were T1: 100% RDF (NPK @ 100:80:50 kg/ha), T2: 100% N through FYM, T3: 100% N through vermicompost, T4: 100% N through plant-based compost, T5: 75% NPK + 25% N through FYM + PSB @ 25 ml, T6: 75% NPK + 25% N through vermicompost + PSB @ 25 ml, T7: 75% NPK + 25% N through compost (plant-based) + PSB @ 25 ml, T8: 50% NPK + 50% N through FYM + PSB @ 25 ml, T9: 50% NPK + 50% N through vermicompost + PSB @ 25 ml and T10: 50% NPK + 50% N through compost (plant-based) + PSB @ 25 ml. Land preparation ensured a loose and well-drained soil structure for proper root development. Organic manures and PSB were incorporated 15 days before sowing, whereas inorganic fertilisers were applied according to the treatment schedules. Full phosphorus and potassium, along with half of the nitrogen, were applied basally, whereas the remaining nitrogen was top-dressed 30 days after sowing.
The experiment was carried out in a field measuring 15 m x 6 m, with an experimental area of 91 m². It included 10 treatments (T₁-T₁₀) replicated three times (R₁, R₂ and R₃), giving a total of 30 plots. Each plot measured 1.2 m x 1.0 m, with a plot area of 1.2 m². A main irrigation channel (MIC) of 1.0 m width was provided at the top and bottom of the experimental field, whereas sub-irrigation channels (SICs) of 0.5 m width were provided between replications. Treatment distribution was random in each replication according to the experimental design. Thus, the experiment had 30 plots with 12 plants per plot, giving a total of 360 radish plants. Seeds were sown in rows at 30 cm x 10 cm spacing and at a depth of 3-5 cm. Irrigation was applied at sowing and subsequently according to crop water requirements to maintain optimum soil moisture. Standard intercultural operations, including thinning, manual weeding, irrigation and plant-protection measures, were followed uniformly across all treatments. Nutrient management was carried out using both organic and inorganic fertiliser sources. Organic inputs included farmyard manure (FYM), vermicompost, plant-based compost and phosphate-solubilising bacteria (PSB), which were incorporated into the soil 15 days before sowing. Inorganic nutrient application was treatment-dependent, with urea used as the nitrogen source (amide form). For fertiliser scheduling, the full dose of phosphorus and potash, along with 50% of the nitrogen, was applied as a basal dose at sowing, while the remaining 50% nitrogen was top-dressed 30 days after sowing to ensure continuous nutrient availability during crop growth. PSB was applied at 25 ml/kg in rows. The nutrient contribution from organic manures was standardised based on their nitrogen content; farmyard manure contained 0.5% nitrogen, whereas vermicompost contained 1.5% nitrogen. Observations were recorded for plant growth parameters, yield attributes and radish root yield. The data obtained for each treatment were statistically analysed using standard procedures.
RESULTS AND DISCUSSION:
Growth attributes: 
Organic manures, inorganic fertilisers and their combinations had a significant effect on all growth parameters (Table 1). Among the treatments, the highest plant height (34.91 cm) was recorded in T6 (75% NPK + 25% N through vermicompost + PSB @ 25 ml) at harvest, followed by T7 (75% NPK + 25% N through compost (plant-based) + PSB @ 25 ml). The minimum plant height (29.55 cm) was recorded under T4 (100% N through compost) at harvest. The increase in plant height may be attributed to balanced nutrient availability, improved nutrient uptake, enhanced microbial activity and improved soil physical properties resulting from the combined use of chemical fertilisers, vermicompost and phosphate-solubilising bacteria (PSB). Similar findings were reported by Kumari et al. (2025), who observed enhanced plant growth and greater plant height under integrated nutrient management in radish. Likewise, Meena et al. (2024) reported that the combined application of inorganic fertilisers and organic nutrient sources significantly improved vegetative growth and crop performance in radish. Leaf length was measured at harvest.
The data are presented in Table 1. The analysis indicated that nutrients from inorganic sources, organic sources and PSB significantly influenced leaf length at different growth stages. The maximum leaf length (32.25 cm) was obtained under T6 (75% NPK + 25% N through vermicompost + PSB @ 25 ml) at harvest. This was statistically similar to T7 (75% NPK + 25% N through compost (plant-based) + PSB @ 25 ml), with a value of 28.67 cm, whereas the minimum leaf length (25.95 cm) was recorded under T4 (100% N through plant-based compost) at harvest. These findings are supported by Anand et al. (2023), who attributed the enhancement in radish growth attributes to the integrated use of inorganic fertilisers, FYM and vermicompost.
The number of leaves per plant in radish was significantly influenced by the use of organic and inorganic fertiliser combinations during the experiment. The maximum number of leaves per plant (15.11) was recorded in T6 (75% NPK + 25% N through vermicompost + PSB @ 25 ml), while the second-highest value (12.79 leaves per plant) was recorded in T7 (75% NPK + 25% N through compost (plant-based) + PSB @ 25 ml). In contrast, the minimum number of leaves per plant (10.51) was recorded in T4 (100% N through compost). Similar results were reported by Anand et al. (2023), who observed a higher number of leaves and improved growth performance with integrated nutrient management in radish. Kumari et al. (2025) also reported that the combined use of inorganic fertilisers with organic and biofertiliser sources improved leaf production and vegetative growth in radish.
The maximum shoot dry weight (16.13 g) was observed in T6 (75% NPK + 25% N through vermicompost + PSB @ 25 ml), which was statistically similar to T7 (75% NPK + 25% N through compost (plant-based) + PSB @ 25 ml), T9 (50% NPK + 50% N through vermicompost + PSB @ 25 ml) and T5 (75% NPK + 25% N through FYM + PSB @ 25 ml), with values of 15.93 g, 15.42 g and 15.13 g, respectively. However, the minimum shoot dry weight (13.83 g) was observed in T4 (100% N through compost).
The maximum shoot fresh weight (213.58 g) was recorded in T6 (75% NPK + 25% N through vermicompost + PSB @ 25 ml), which was statistically similar to T7 (75% NPK + 25% N through compost (plant-based) + PSB @ 25 ml), with a value of 207.97 g; T9 (50% NPK + 50% N through vermicompost + PSB @ 25 ml), with a value of 205.63 g; and T5 (75% NPK + 25% N through FYM + PSB @ 25 ml), with a value of 204.97 g. The minimum shoot fresh weight (194.66 g) was recorded in T4 (100% N through plant-based compost). The higher fresh weight of radish may be attributed to integrated nutrient management. Kumari et al. (2025) reported similar findings with the integrated use of the recommended dose of fertiliser along with organic and biofertiliser sources in radish. The comparative growth responses are presented in Fig. 1.

Table: 1 Effect of organic and inorganic fertilizers with PSB on plant height (cm), Leaf Length, No. of leaves(cm) , Dry weight of shoot (g) and Fresh weight of shoot (g)
	
Treatments
	Plant Height(cm)
(at harvest)

	Leaf Length (cm)
(at Harvest)
	No. of Leaves
(at Harvest)
	Dry weight of shoot (g)
	Fresh weight of shoot (g)

	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)
	33.25
	26.19
	12.18
	14.91
	198.92

	T2: 100 % N through FYM
	30.10
	26.54
	10.67
	14.01
	199.56

	T3: 100 % N through Vermicompost
	30.53
	27.69
	12.08
	14.62
	194.79

	T4:  100 % N through Compost (Plant bases)
	29.55
	25.95
	10.51
	13.83
	194.66

	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg
	33.09
	27.93
	12.53
	15.13
	204.97

	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg
	34.91
	32.25
	15.11
	16.13
	213.58

	T7: 75 % NPK + 25 % N through Compost (Plant bases) + PSB @ 25 ml/kg
	34.57
	28.67
	12.79
	15.93
	207.97

	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg
	30.29
	26.17
	12.50
	15.01
	197.67

	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg
	32.79
	27.88
	10.68
	15.42
	205.63

	T10:  50 % NPK + 50 % N through Compost (Plant bases) + PSB @ 25 ml/kg
	31.53
	28.46
	11.65
	14.3
	201.64

	SE(m)
	0.37
	0.36
	0.44
	0.36
	0.31

	CD at 5%
	1.09
	1.07
	1.31
	1.06
	0.92





Fig 1: Growth Parameters of different Treatments

Yield attributing traits:
Root length in radish was recorded at harvest. Plant nutrition from inorganic and organic sources, PSB and their combined effects had a highly significant effect on root length in radish. The maximum root length (24.42 cm) was recorded in T6 (75% NPK + 25% N through vermicompost + PSB @ 25 ml), which was statistically at par with T7 (75% NPK + 25% N through plant-based compost + PSB @ 25 ml) and T5 (75% NPK + 25% N through FYM + PSB @ 25 ml), with root lengths of 24.05 cm and 23.33 cm, respectively. The lowest root length was recorded in T4 (100% N through plant-based compost). In this regard, similar findings were provided by Meena and Dhaka (2022). The increase in root length may be due to balanced nutrient availability, nutrient absorption, increased soil microorganism activity and better soil physical properties achieved through the use of both organic and inorganic nutrient sources. They stated that both organic and inorganic nutrient sources increased root diameter, root weight and root productivity in radish. The highest root diameter (3.77 cm) was recorded in T6 (75% NPK + 25% N through vermicompost + PSB @ 25 ml), which was statistically at par with T7 (75% NPK + 25% N through plant-based compost + PSB @ 25 ml), T10 (50% NPK + 50% N through plant-based compost + PSB @ 25 ml) and T5 (75% NPK + 25% N through FYM + PSB), with values of 3.42 cm, 3.22 cm and 3.15 cm, respectively. The lowest root diameter was recorded in T4 (100% N through plant-based compost). This increase in root diameter may be attributed to balanced nutrient availability, effective nutrient uptake, increased microbial activity and improved soil physical properties resulting from the application of inorganic fertilisers and organic manure along with phosphate-solubilising bacteria. Similar results were reported by Kumari et al. (2025), who observed increased root diameter and improved growth and yield parameters in radish under integrated nutrient management. Likewise, Anand et al. (2023) reported that root diameter and yield increased with integrated NPK management. Days to first harvest were significantly influenced by the treatments. T6 (75% NPK + 25% N through vermicompost + PSB @ 25 ml) required the fewest days to harvest (55.18), whereas T5 and T3 required 55.50 and 56.26 days, respectively. In contrast, T4 (100% N through compost) required the maximum number of days to harvest (57.60). Average root weight, an economically important trait in radish, differed significantly among treatments. Root weight was highest in T6 (75% NPK + 25% N through vermicompost + PSB @ 25 ml), with a mean root weight of 113.19 g, which was statistically similar to T7 (75% NPK + 25% N through plant-based compost + PSB @ 25 ml), with a mean root weight of 112.90 g, and T5 (75% NPK + 25% N through FYM + PSB @ 25 ml), with a root weight of 105.39 g. The lowest root weight (85.72 g) was obtained in T4 (100% N through plant-based compost). The highest yield per hectare (285.29 q) was obtained in T6 (75% NPK + 25% N through vermicompost + PSB @ 25 ml), followed by T7 (75% NPK + 25% N through compost + PSB @ 25 ml), with 277.46 q. However, the lowest yield per hectare (201.58 q) was obtained in T4 (100% N through plant-based compost). The corresponding yield parameters are presented in Table 2 and Fig. 2.

Table: 2 Effect of organic and inorganic fertilizers with PSB on length of root (cm), diameter of root (cm), Day to harvest, Average weight (g) of root and Root yield (q/ha) of radish
	
Treatments
	Root length (cm)
	Root Diameter (cm)
	Day to harvest
	Average weight (g) of root 
	Root yield (q/ha)

	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)
	21.94
	3.14
	55.60
	98.47
	219.87

	T2: 100 % N through FYM
	18.85
	3.17
	57.58
	92.27
	210.47

	T3: 100 % N through Vermicompost
	20.18
	2.42
	56.26
	94.48
	214.76

	T4:  100 % N through Compost (Plant bases)
	18.80
	2.22
	57.60
	85.72
	201.58

	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg
	23.33
	3.15
	55.50
	105.39
	272.18

	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg
	24.42
	3.77
	55.18
	113.19
	285.29

	T7: 75 % NPK + 25 % N through Compost (plant bases) + PSB @ 25 ml/kg
	24.05
	3.42
	55.35
	112.90
	277.46

	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg
	21.80
	3.08
	56.64
	97.72
	217.46

	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg
	22.22
	3.02
	55.52
	103.40
	266.78

	T10:  50 % NPK + 50 % N through Compost (plant bases) + PSB @ 25 ml/kg
	22.25
	3.22
	55.55
	102.14
	252.05

	SE(m)
	0.39
	0.27
	0.36
	0.89
	0.37

	CD at 5%
	1.16
	0.79
	1.06
	2.65
	1.10





Fig 2 : Yield Parameters of different Treatments
Quality attributing traits:
TSS differed significantly among treatments and ranged from 3.37 to 5.33 °Brix. The highest TSS (5.33 °Brix) was recorded in T7 (75% NPK + 25% N through plant-based compost + PSB @ 25 ml), followed by T6, T8 and T9. The lowest TSS (3.37 °Brix) was observed in T2. The increase in TSS may be attributed to improved nutrient availability, enhanced photosynthetic activity and greater accumulation of soluble sugars under integrated nutrient management. Similar findings were reported by Shilpa et al. (2023), who observed improvement in root quality attributes, including TSS, under the integrated application of recommended fertilisers, organic manures and biofertilisers in radish.
The highest ascorbic acid content (15.58 mg/100 g) was recorded in T7 (75% NPK + 25% N through compost + PSB @ 25 ml), followed by T6 (75% NPK + 25% N through vermicompost + PSB @ 25 ml), with 15.48 mg/100 g, and T5 (75% NPK + 25% N through FYM + PSB @ 25 ml), with 15.28 mg/100 g, which were statistically at par. The lowest ascorbic acid content (13.97 mg/100 g) was observed in T2 (100% N through FYM). The increase in ascorbic acid content may be attributed to improved nutrient availability, enhanced metabolic activity and greater synthesis and accumulation of vitamin C under integrated nutrient application. Similar findings were reported by Yadav et al. (2023), who observed higher ascorbic acid content in radish with the integrated use of inorganic fertilisers and vermicompost. Comparable findings were also reported by Meena et al. (2024), who recorded improvement in quality parameters, including ascorbic acid, under integrated nutrient management treatments in radish. The quality attributes are summarised in Table 3 and Fig. 3.


Table: 3 Effect of organic and inorganic fertilizers with PSB on TSS and Ascorbic acid of radish
	Treatments
	TSS (0Brix)
	Ascorbic Acid (mg/100g)

	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)
	4.06
	14.30

	T2: 100 % N through FYM
	3.37
	13.97

	T3: 100 % N through Vermicompost
	4.62
	14.02

	T4:  100 % N through Compost (Plant bases)
	3.82
	14.95

	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg
	3.55
	15.28

	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg
	4.76
	15.48

	T7: 75 % NPK + 25 % N through Compost (plant bases) + PSB @ 25 ml/kg
	5.33
	15.58

	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg
	4.25
	14.80

	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg
	4.23
	14.45

	T10:  50 % NPK + 50 % N through Compost (plant bases) + PSB @ 25 ml/kg
	4.2
	14.88

	SE(m)
	0.25
	0.25

	CD at 5%
	0.74
	0.73





Fig 3 : Quality attributing traits of different Treatments
Conclusion 
The present investigation showed that nutrient management practices significantly influenced the growth, yield and selected quality attributes of radish cv. Pusa Desi under the experimental conditions of Kanpur. Among the ten treatments, the integrated application of 75% NPK + 25% nitrogen through vermicompost + phosphate-solubilising bacteria at 25 ml/kg was the most effective for improving vegetative growth and yield-related traits. This treatment recorded the highest plant height, leaf length, number of leaves per plant, shoot dry weight, shoot fresh weight, root length, root diameter, average root weight and root yield. The improvement in these parameters may be associated with better nutrient availability through the combined use of inorganic fertilisers, vermicompost and phosphate-solubilising bacteria. For quality attributes, 75% NPK + 25% nitrogen through plant-based compost + phosphate-solubilising bacteria at 25 ml/kg recorded the highest total soluble solids and ascorbic acid content. Overall, integrated nutrient management using reduced inorganic fertiliser in combination with organic nutrient sources and phosphate-solubilising bacteria may improve radish production and selected quality parameters. Multi-season and multi-location validation is required before broader recommendations are made.
Limitation
The study was conducted during a single Rabi season at one location; therefore, the results reflect the specific soil and agro-climatic conditions of Kanpur. Only selected growth, yield and quality parameters were evaluated. Detailed initial soil fertility status, complete nutrient composition of all organic inputs, microbial population dynamics, post-harvest quality changes and economic analysis were not included. The study used only radish cv. Pusa Desi, and cultivar response may vary. Long-term effects of repeated nutrient applications on soil fertility, nutrient balance and sustainability were not assessed.
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Growth Parameters

Plant Height(cm)	Treatments	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)	T2: 100 % N through FYM	T3: 100 % N through Vermicompost	T4:  100 % N through Compost (Plant bases)	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg	T7: 75 % NPK + 25 % N through Compost (Plant bases) + PSB @ 25 ml/kg	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg	T10:  50 % NPK + 50 % N through Compost (Plant bases) + PSB @ 25 ml/kg	0	33.25	30.1	30.53	29.55	33.090000000000003	34.909999999999997	34.57	30.29	32.79	31.53	Leaf Length (cm)	Treatments	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)	T2: 100 % N through FYM	T3: 100 % N through Vermicompost	T4:  100 % N through Compost (Plant bases)	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg	T7: 75 % NPK + 25 % N through Compost (Plant bases) + PSB @ 25 ml/kg	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg	T10:  50 % NPK + 50 % N through Compost (Plant bases) + PSB @ 25 ml/kg	0	26.19	26.54	27.69	25.95	27.93	32.25	28.67	26.17	27.88	28.46	No. of Leaves	Treatments	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)	T2: 100 % N through FYM	T3: 100 % N through Vermicompost	T4:  100 % N through Compost (Plant bases)	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg	T7: 75 % NPK + 25 % N through Compost (Plant bases) + PSB @ 25 ml/kg	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg	T10:  50 % NPK + 50 % N through Compost (Plant bases) + PSB @ 25 ml/kg	0	12.18	10.67	12.08	10.51	12.53	15.11	12.79	12.5	10.68	11.65	Dry weight of shoot (g)	Treatments	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)	T2: 100 % N through FYM	T3: 100 % N through Vermicompost	T4:  100 % N through Compost (Plant bases)	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg	T7: 75 % NPK + 25 % N through Compost (Plant bases) + PSB @ 25 ml/kg	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg	T10:  50 % NPK + 50 % N through Compost (Plant bases) + PSB @ 25 ml/kg	14.91	14.01	14.62	13.83	15.13	16.13	15.93	15.01	15.42	14.3	Fresh weight of shoot (g)	Treatments	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)	T2: 100 % N through FYM	T3: 100 % N through Vermicompost	T4:  100 % N through Compost (Plant bases)	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg	T7: 75 % NPK + 25 % N through Compost (Plant bases) + PSB @ 25 ml/kg	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg	T10:  50 % NPK + 50 % N through Compost (Plant bases) + PSB @ 25 ml/kg	198.92	199.56	194.79	194.66	204.97	213.58	207.97	197.67	205.63	201.64	



Yield Parameters 

Root length (cm)	Treatments	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)	T2: 100 % N through FYM	T3: 100 % N through Vermicompost	T4:  100 % N through Compost (Plant bases)	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg	T7: 75 % NPK + 25 % N through Compost (plant bases) + PSB @ 25 ml/kg	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg	T10:  50 % NPK + 50 % N through Compost (plant bases) + PSB @ 25 ml/kg	21.94	18.850000000000001	20.18	18.8	23.33	24.42	24.05	21.8	22.22	22.25	Root Diameter (cm)	Treatments	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)	T2: 100 % N through FYM	T3: 100 % N through Vermicompost	T4:  100 % N through Compost (Plant bases)	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg	T7: 75 % NPK + 25 % N through Compost (plant bases) + PSB @ 25 ml/kg	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg	T10:  50 % NPK + 50 % N through Compost (plant bases) + PSB @ 25 ml/kg	3.14	3.17	2.42	2.2200000000000002	3.15	3.77	3.42	3.08	3.02	3.22	Day to harvest	Treatments	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)	T2: 100 % N through FYM	T3: 100 % N through Vermicompost	T4:  100 % N through Compost (Plant bases)	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg	T7: 75 % NPK + 25 % N through Compost (plant bases) + PSB @ 25 ml/kg	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg	T10:  50 % NPK + 50 % N through Compost (plant bases) + PSB @ 25 ml/kg	55.6	57.58	56.26	57.6	55.5	55.18	55.35	56.64	55.52	55.55	Average weight (g) of root 	Treatments	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)	T2: 100 % N through FYM	T3: 100 % N through Vermicompost	T4:  100 % N through Compost (Plant bases)	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg	T7: 75 % NPK + 25 % N through Compost (plant bases) + PSB @ 25 ml/kg	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg	T10:  50 % NPK + 50 % N through Compost (plant bases) + PSB @ 25 ml/kg	98.47	92.27	94.48	85.72	105.39	113.19	112.9	97.72	103.4	102.14	Root yield (q/ha)	Treatments	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)	T2: 100 % N through FYM	T3: 100 % N through Vermicompost	T4:  100 % N through Compost (Plant bases)	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg	T7: 75 % NPK + 25 % N through Compost (plant bases) + PSB @ 25 ml/kg	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg	T10:  50 % NPK + 50 % N through Compost (plant bases) + PSB @ 25 ml/kg	219.87	210.47	214.76	201.58	272.18	285.29000000000002	277.45999999999998	217.46	266.77999999999997	252.05	



Quality parameters

TSS (0Brix)	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)	T2: 100 % N through FYM	T3: 100 % N through Vermicompost	T4:  100 % N through Compost (Plant bases)	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg	T7: 75 % NPK + 25 % N through Compost (plant bases) + PSB @ 25 ml/kg	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg	T10:  50 % NPK + 50 % N through Compost (plant bases) + PSB @ 25 ml/kg	4.0599999999999996	3.37	4.62	3.82	3.55	4.76	5.33	4.25	4.2300000000000004	4.2	Ascorbic Acid (mg/100g)	T1: 100 % RDF (NPK @ 100:80:50 Kg/ha)	T2: 100 % N through FYM	T3: 100 % N through Vermicompost	T4:  100 % N through Compost (Plant bases)	T5: 75 % NPK + 25 % N through FYM + PSB @ 25 ml/kg	T6: 75 % NPK + 25 % N through Vermicompost + PSB @ 25 ml/kg	T7: 75 % NPK + 25 % N through Compost (plant bases) + PSB @ 25 ml/kg	T8: 50 % NPK + 50 % N through FYM + PSB @ 25 ml/kg	T9: 50 % NPK + 50 % N through Vermicompost + PSB @ 25 ml/kg	T10:  50 % NPK + 50 % N through Compost (plant bases) + PSB @ 25 ml/kg	14.3	13.97	14.02	14.95	15.28	15.48	15.58	14.8	14.45	14.88	



