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Abstract 
 

A field experiment was conducted during the Rabi season of 2024–25 at Lucknow, Uttar Pradesh, to assess 

the effect of organic manures and biofertilizers on the growth, yield, quality, and economics of beetroot (Beta 

vulgaris L.). The experiment comprised eleven treatments including control, recommended dose of fertilizers 

Original Research Article 

https://doi.org/10.9734/ijpss/2026/v38i35996
https://pr.sdiarticle5.com/review-history/153868


 
 

 

 
Tiwari et al.; Int. J. Plant Soil Sci., vol. 38, no. 3, pp. 17-28, 2026; Article no.IJPSS.153868 

 

 

 
18 

 

(RDF), farmyard manure (FYM), vermicompost, neem cake, phosphate-solubilizing bacteria (PSB), and their 

various combinations, laid out in a Randomized Block Design with three replications. Results revealed that 

growth parameters such as plant height, number of leaves, leaf area, leaf biomass, and days to harvest were 

significantly influenced by nutrient management practices. The integrated application of vermicompost @ 2.5 

t ha⁻¹ + PSB @ 1.25 kg ha⁻¹ recorded the highest plant height (31.45 cm), leaf area (1053.67 cm²), and leaf 

biomass (5.31 g plant⁻¹), along with early maturity (78.52 days). Yield attributes including root length, root 

diameter, root weight, and root yield were maximized under the same treatment, producing the highest root 

yield (17.49 t ha⁻¹) and harvest index (86.33%). Quality of beetroot, measured in terms of total soluble solids, 

was also significantly improved, with the maximum TSS (21.13 °Brix) recorded under integrated organic 

treatment. Economic analysis indicated that vermicompost combined with PSB was the most profitable, 

recording the highest net returns (₹3,48,650 ha⁻¹) and benefit–cost ratio (3.94). The study demonstrates that 

integrated organic nutrient management is a sustainable and economically viable strategy for beetroot 

cultivation. 

 
 

Keywords: Beetroot; organic manures; biofertilizers; yield; economics. 
 

1. Introduction 
 

Beetroot (Beta vulgaris L.) is an important root vegetable crop valued for its fleshy roots rich in carbohydrates, 

dietary fiber, minerals, vitamins, and bioactive compounds such as betalains and antioxidants. Owing to its 

nutritional and functional attributes, beetroot has gained increasing importance in fresh markets as well as 

processing industries. In India, the crop is preferred for its short duration, adaptability, and economic potential, 

but its productivity and root quality are strongly influenced by soil fertility and nutrient management practices 

(Mia & Rashid, 2023). Conventional beetroot cultivation relies heavily on chemical fertilizers to achieve higher 

yields. While inorganic fertilizers supply nutrients in readily available forms, their continuous and excessive use 

has resulted in soil nutrient imbalance, decline in soil organic carbon, reduced microbial activity, and 

environmental concerns such as nutrient leaching and pollution (Priya et al., 2024). Root crops like beetroot are 

particularly sensitive to soil physical condition and biological activity; hence, sole dependence on chemical 

fertilizers often compromises root development and quality. These challenges have necessitated a shift towards 

sustainable nutrient management approaches that integrate organic manures and biofertilizers. Organic manures 

such as farmyard manure (FYM), vermicompost, and neem cake play a vital role in improving soil health and 

crop performance. FYM enhances soil structure, water-holding capacity, and microbial activity while supplying 

essential nutrients in a slow and sustained manner. Vermicompost is a nutrient-rich organic input containing 

readily available macro- and micronutrients, beneficial microorganisms, enzymes, and growth-promoting 

substances, which collectively improve plant growth and yield attributes (Mia & Rashid, 2023). Neem cake 

serves as a valuable organic amendment that provides nutrients, improves nitrogen use efficiency through 

nitrification inhibition, and suppresses soil-borne pests, thereby contributing to healthier crop growth (Eraqui et 

al., 2023). Biofertilizers, particularly phosphate-solubilizing bacteria (PSB), have emerged as an effective 

biological input for improving nutrient availability and crop productivity. Phosphorus plays a crucial role in root 

development, energy transfer, and metabolic processes; however, a large portion of soil phosphorus remains 

unavailable to plants due to fixation. PSB enhance phosphorus availability by solubilizing insoluble phosphates 

through the secretion of organic acids and enzymes, leading to improved nutrient uptake, root growth, and 

overall plant vigor (Vishwakarma et al., 2020). The integration of PSB with organic manures further stimulates 

soil microbial activity and nutrient cycling, resulting in synergistic effects on crop growth and yield. Recent 

studies conducted after 2020 have demonstrated the positive influence of organic manures and biofertilizers on 

beetroot growth, yield, and quality. Mia & Rashid (2023) reported significant improvements in plant height, 

number of leaves, root diameter, and root yield under integrated organic manure management. Similarly, Eraqui 

et al., (2023) observed enhanced fresh root weight, dry matter accumulation, and betalain content in beetroot 

with the application of organic composts. Priya et al., (2024) also reported that organic nutrient sources 

significantly improved yield attributes and quality parameters such as total soluble solids in beetroot, 

highlighting the importance of sustainable nutrient inputs. Quality parameters including total soluble solids, 

sugar content, dry matter, and pigment concentration are critical determinants of beetroot market value and 

consumer acceptance. Organic manures contribute to quality enhancement by ensuring balanced nutrient supply, 

improving photosynthetic efficiency, and promoting effective assimilate translocation to roots (Mia & Rashid, 

2023). Biofertilizers complement these effects by enhancing nutrient availability and reducing nutrient losses, 

thereby supporting better metabolic efficiency and quality improvement. 
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Economic sustainability is another important consideration in nutrient management. Although organic inputs 

may involve higher initial costs, their long-term benefits in improving soil fertility, reducing dependency on 

chemical fertilizers, and stabilizing yields often result in improved net returns and benefit–cost ratios (Kumar et 

al., 2022). Therefore, evaluating the agronomic and economic performance of organic manures and 

biofertilizers, alone and in combination with recommended chemical fertilizers, is essential for developing 

sustainable and farmer-friendly nutrient management strategies in beetroot cultivation. In this context, the 

present investigation was undertaken to comprehensively assess the effects of recommended chemical 

fertilizers, organic manures (FYM, vermicompost, and neem cake), biofertilizer (PSB), and their combinations 

on the growth, yield attributes, quality parameters, and economic viability of beetroot production under local 

agroclimatic conditions. 
 

2. Materials and Methods 
 

2.1 Experimental Site and Soil 
 

The field experiment was conducted during the Rabi season of 2024-25 at the Faculty of Agriculture Sciences, 

Balachandra Institute of Education and Management, Lucknow, Uttar Pradesh. The soil of the experimental field 

was sandy loam in texture with neutral pH (7.2), low organic carbon, and medium available nitrogen, 

phosphorus, and potassium status. The site falls under a subtropical climate suitable for beetroot cultivation. 
 

2.2 Treatments and Experimental Design 
 

The experiment was laid out in a Randomized Block Design (RBD) with eleven treatments and three 

replications. Treatments included control, recommended dose of fertilizers (N 125: P₂O₅ 50: K₂O 70 kg ha⁻¹), 

organic manures (FYM, vermicompost, neem cake), biofertilizer (PSB), and their combinations. Organic 

manures were incorporated into the soil before sowing, while PSB was applied as per treatment requirement. 

Beetroot variety ‘Atlas’ was sown at a spacing of 30 × 10 cm following standard agronomic practices. 
 

2.3 Observations and Statistical Analysis 
 

Growth, yield, and quality parameters were recorded from selected plants at different growth stages and at 

harvest. Economic analysis was carried out by calculating cost of cultivation, gross and net returns, and benefit–

cost ratio. Data were analyzed statistically using analysis of variance (ANOVA) for RBD, and treatment means 

were compared at 5% level of significance. 
 

3. Results and Discussion 
 

3.1 Effect of Organic Manures and Biofertilizers on Growth of Beetroot 
 

Growth parameters of beetroot were significantly influenced by the application of organic manures, 

biofertilizers and their integrated combinations. Among the treatments, the combined application of 

vermicompost and phosphate-solubilizing bacteria (PSB) showed superior performance compared with sole 

application of organic inputs or the control treatment. Integrated nutrient management improves soil fertility, 

microbial activity and nutrient availability, which ultimately enhances crop growth and plant development 

(Adesemoye & Kloepper, 2009; Vessey, 2003). 
 

Plant height increased significantly at all growth stages (25 DAS, 50 DAS and at harvest). The maximum plant 

height was recorded under T₁₁ (Vermicompost @ 2.5 t ha⁻¹ + PSB @ 1.25 kg ha⁻¹), which was statistically at par 

with T₁₀, T₈, T₄ and T₇. The improvement in plant height may be attributed to the gradual release of macro- and 

micronutrients from vermicompost and enhanced phosphorus availability due to PSB activity. Vermicompost 

improves soil structure, aeration and microbial population, thereby promoting root growth and nutrient uptake. 

Similar positive effects of vermicompost on plant growth and development have been reported by Arancon et al. 

(2004) and Atiyeh et al. (2000) in horticultural crops. 
 

The number of leaves per plant was significantly higher under integrated organic treatments. Treatment T₁₁ 

recorded the highest number of leaves at all observation stages, while the control treatment showed the lowest 

values. The increased leaf production may be due to improved nitrogen availability and enhanced metabolic 

activity resulting from organic matter decomposition and microbial interactions in the rhizosphere. 
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Vermicompost is known to contain plant growth regulators such as auxins and humic substances, which 

stimulate vegetative growth and leaf formation (Arancon et al., 2006). 

 

Leaf area differed significantly among treatments. The maximum leaf area was observed under T₁₁ followed by 

T₁₀ and T₄, whereas the control recorded the minimum value. Increased leaf area under vermicompost and PSB 

application may be attributed to enhanced nutrient mineralization and phosphorus solubilization by PSB, which 

improves canopy development and photosynthetic efficiency. Phosphate-solubilizing microorganisms convert 

insoluble phosphorus into plant-available forms, thereby improving plant nutrition and growth (Rodríguez & 

Fraga, 1999). 
 

Leaf biomass was also significantly influenced by the treatments. The highest biomass was obtained under 

treatment T₁₁ at both observation stages. Higher biomass accumulation reflects improved photosynthetic activity 

and efficient assimilate translocation under balanced nutrient availability. Organic amendments such as 

vermicompost improve soil microbial activity and nutrient cycling, which contribute to enhanced plant biomass 

production (Adesemoye & Kloepper, 2009). 
 

Days taken to harvest were significantly affected by the treatments. The earliest maturity was recorded in T₁₁, 

whereas the control treatment required the maximum duration for harvest. Early maturity under integrated 

organic nutrient management may be due to improved metabolic activity and balanced nutrient supply, which 

accelerates plant growth and development. Enhanced nutrient availability and microbial activity under 

integrated nutrient management systems have been reported to shorten crop growth duration and improve crop 

performance (Vessey, 2003). 
 

Overall, the results clearly indicate that the combined application of vermicompost and PSB significantly 

enhanced vegetative growth of beetroot, including plant height, number of leaves, leaf area and biomass 

accumulation, while reducing the time required for crop maturity compared to sole nutrient sources. 
 

3.2 Effect of Organic Manures and Biofertilizers on Yield Attributes and Quality of Beetroot 
 

Yield attributes and quality parameters of beetroot were significantly influenced by the application of organic 

manures and biofertilizer treatments (Table 2). Among all treatments, the integrated application of 

vermicompost + phosphate-solubilizing bacteria (PSB) (T₁₁) consistently produced superior results, indicating a 

synergistic interaction between organic nutrient supply and rhizospheric microbial activity. Organic manures 

improve soil fertility, nutrient availability, and microbial population, which ultimately enhances crop 

productivity and quality (Bhattacharyya & Jha, 2012). 
 

3.2.1 Yield Attributes 
 

Root length, root diameter, root weight, root yield and harvest index showed marked improvement under 

integrated organic treatments. The maximum root length (10.70 cm) and root diameter (6.41 cm) were recorded 

in T₁₁, which remained statistically at par with T₁₀, T₄, T₈ and T₇, whereas the control recorded the minimum 

values. Improved root growth under vermicompost-based treatments may be attributed to better soil physical 

properties, increased microbial activity and steady nutrient release from organic sources. Vermicompost 

improves soil aggregation and nutrient availability, which promotes root development and plant growth 

(Domínguez & Edwards, 2011). 
 

Root weight and yield followed a similar trend. The highest root weight (154.09 g plant⁻¹), yield per plot (7.08 

kg) and root yield (17.49 t ha⁻¹) were obtained under T₁₁, followed by T₁₀ and T₄, while the control recorded the 

lowest yield. The increase in yield under integrated organic treatments may be due to improved nutrient uptake, 

enhanced photosynthetic activity and better partitioning of assimilates towards the storage root. Biofertilizers 

such as PSB enhance phosphorus availability in soil, which plays a crucial role in root development and energy 

transfer in plants (Sharma et al., 2013). 
 

The harvest index also showed significant variation among treatments. The highest harvest index (86.33%) was 

recorded under T₁₁, indicating efficient conversion of total biomass into economic yield. Balanced nutrient 

supply and improved plant physiological processes under integrated nutrient management may enhance biomass 

partitioning and increase harvest efficiency. Similar improvements in yield attributes and harvest index due to 

combined application of organic manures and biofertilizers have been reported in vegetable crops 

(Bhattacharyya & Jha, 2012). 
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Table 1. Effect of organic manures and biofertilizers on growth parameters of beetroot (Beta vulgaris L.) 

 

Treatment Plant height at 

harvest (cm) 

Number of leaves 

at harvest 

Leaf area (cm²) 

at 70 DAS 

Leaf biomass  

(g plant⁻¹) at 70 DAS 

Days to harvest 

T₁ Control 24.26 16.05 852.00 1.86 89.99 

T₂ RDF (N 125: P₂O₅ 50: K₂O 70 kg ha⁻¹) 30.45 15.19 943.78 3.70 79.20 

T₃ FYM @ 20 t ha⁻¹ 25.25 15.45 904.00 2.87 87.55 

T₄ Vermicompost @ 5 t ha⁻¹ 30.91 15.59 1024.04 3.59 81.84 

T₅ Neem cake @ 80 kg ha⁻¹ 29.47 14.01 952.81 3.72 84.14 

T₆ PSB @ 2.5 kg ha⁻¹ 24.45 15.90 876.53 2.66 85.13 

T₇ FYM @ 10 t ha⁻¹ + Vermicompost @ 2.5 t ha⁻¹ 30.82 15.79 972.75 3.55 80.21 

T₈ FYM @ 10 t ha⁻¹ + Neem cake @ 40 kg ha⁻¹ 30.99 14.56 977.48 4.50 80.36 

T₉ FYM @ 10 t ha⁻¹ + PSB @ 1.25 kg ha⁻¹ 27.47 17.09 925.10 2.91 85.13 

T₁₀ Vermicompost @ 2.5 t ha⁻¹ + Neem cake @ 40 kg ha⁻¹ 31.16 17.49 1025.14 4.53 79.20 

T₁₁ Vermicompost @ 2.5 t ha⁻¹ + PSB @ 1.25 kg ha⁻¹ 31.45 17.49 1053.67 5.31 78.52 
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Fig. 1. Effect of organic manures and biofertilizers on growth 
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3.2.2 Quality Parameters 
 

Quality parameters, particularly total soluble solids (TSS), were significantly influenced by organic nutrient 

management. The highest TSS (21.13 °Brix) was recorded under T₁₁, followed by T₁₀ and T₄, while the control 

recorded the lowest value. Increased sugar accumulation under organic treatments may be attributed to balanced 

nutrient availability and improved carbohydrate metabolism. Organic amendments also enhance microbial 

activity and nutrient cycling, which positively influence biochemical composition and nutritional quality of 

vegetable crops. 
 

Moisture content showed non-significant variation among treatments, although slightly higher values were 

recorded under integrated organic treatments. This suggests that organic nutrient management mainly influences 

biochemical parameters rather than water accumulation in roots. 
 

Overall, the results clearly demonstrate that the combined application of vermicompost and PSB (T₁₁) was the 

most effective treatment for improving yield attributes and quality of beetroot. The improved performance may 

be attributed to enhanced soil fertility, improved nutrient use efficiency and increased microbial activity in the 

rhizosphere under integrated organic nutrient management. 
 

3.3 Economics of Different Treatments 
 

Economic analysis is an essential criterion for evaluating the feasibility and adoptability of different nutrient 

management practices in crop production. The profitability of crop cultivation depends on yield level, input 

costs and market price of the produce. In the present study, different organic manure and biofertilizer treatments 

significantly influenced root yield, cost of cultivation, gross returns, net returns and benefit–cost (B:C) ratio of 

beetroot (Table 3). Similar observations have been reported in several studies where integrated nutrient 

management practices enhanced crop productivity and profitability through improved nutrient use efficiency and 

soil fertility (Tilman et al., 2002; Pretty et al., 2018). 
 

Among the treatments, T₁₁ (Vermicompost 50% + PSB 50%) recorded the highest root yield (174.80 q ha⁻¹), 

which resulted in maximum gross returns (Rs. 4,37,000 ha⁻¹) and net returns (Rs. 3,48,650 ha⁻¹) with a B:C ratio 

of 3.94. The superior economic performance of this treatment may be attributed to improved nutrient 

availability, enhanced nutrient use efficiency and increased yield under integrated organic nutrient management. 

Vermicompost improves soil fertility and microbial activity, while phosphate-solubilizing bacteria enhance 

phosphorus availability to plants, resulting in higher crop productivity and profitability (Richardson et al., 2009; 

Bhardwaj et al., 2014). 
 

The control treatment (T₁) recorded the lowest root yield (70.60 q ha⁻¹), minimum net returns (Rs. 1,17,050 ha⁻¹) 

and the lowest B:C ratio (1.96), indicating poor economic viability due to inadequate nutrient supply. Although 

the chemical fertilizer treatment T₂ (RDF) produced higher yield than the control, the economic returns were 

lower than integrated organic treatments due to higher input costs and comparatively lower yield advantage. 
 

Treatments involving single organic sources such as FYM (T₃), vermicompost (T₄), neem cake (T₅) and PSB 

alone (T₆) showed moderate economic returns. However, integrated treatments such as T₁₀ and T₁₁ consistently 

produced higher profitability, confirming that the combined application of organic manures and biofertilizers is 

more remunerative than their sole application. Integrated nutrient management improves soil health, nutrient 

availability and crop productivity, which ultimately increases farmers’ income and economic sustainability 

(Bhardwaj et al., 2014). Overall, the results clearly indicate that economic sustainability in beetroot cultivation 

is closely linked with integrated organic nutrient management. The combined use of vermicompost and PSB 

improves soil fertility, enhances nutrient uptake and ensures higher returns per unit investment. Therefore, T₁₁ 

emerged as the most economically viable treatment and can be recommended for profitable beetroot cultivation 

under similar agro-ecological conditions. 
 

The results of the present study clearly indicate that integrated application of organic manures and biofertilizers 

significantly enhanced yield and quality of beetroot. Among all treatments, vermicompost @ 2.5 t ha⁻¹ + PSB @ 

1.25 kg ha⁻¹ (T₁₁) proved most effective, recording the highest root length (10.70 cm), root diameter (6.41 cm), 

root weight (154.09 g), and root yield (17.49 t ha⁻¹), along with maximum harvest index (86.33%) and TSS 

(21.13 °Brix). These values were markedly superior to the control, which recorded only 2.87 t ha⁻¹ root yield 

and 9.73 °Brix TSS. The enhanced performance under T₁₁ reflects improved nutrient availability, microbial 

activity, and efficient assimilate partitioning. Hence, integrated use of vermicompost and PSB can be 

recommended for achieving higher productivity, better quality, and sustainable beetroot cultivation under similar 

agro-climatic conditions. 
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Table 2. Effect of organic manures and biofertilizers on yield attributes and quality parameters of beetroot (Beta vulgaris L.) 

 

Treatment Root length (cm) Root diameter (cm) Root weight (g) Root yield (t ha⁻¹) Harvest index (%) TSS (°Brix) 

T₁ Control 7.07 4.68 97.05 2.87 66.00 9.73 

T₂ RDF 9.58 5.68 127.03 4.45 76.44 17.09 

T₃ FYM 20 t/ha 7.30 5.16 119.78 4.21 74.33 15.04 

T₄ Vermicompost 5 t/ha 10.44 6.20 141.82 13.17 83.00 18.30 

T₅ Neem cake 80 kg/ha 9.78 5.79 132.02 4.64 79.21 15.08 

T₆ PSB 7.53 5.11 106.71 10.26 72.00 13.53 

T₇ FYM + VC 10.20 5.98 135.46 12.02 81.00 16.52 

T₈ FYM + Neem cake 10.26 6.11 140.11 13.17 82.00 17.02 

T₉ FYM + PSB 9.19 5.71 125.46 4.38 75.00 16.01 

T₁₀ VC + Neem cake 10.49 6.31 151.07 15.61 85.00 20.00 

T₁₁ VC + PSB 10.70 6.41 154.09 17.49 86.33 21.13 
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Table 3. Comparative economic analysis of different organic manure and biofertilizer treatments in beetroot (Beta vulgaris L.) 

 

Treatment Root yield (q ha⁻¹) Net returns (Rs ha⁻¹) B:C ratio 

T₁ Control 70.60 1,17,050 1.96 

T₂ RDF 109.36 2,07,450 3.14 

T₃ FYM 20 t/ha 103.73 1,96,125 3.10 

T₄ Vermicompost 5 t/ha 131.60 2,41,050 2.74 

T₅ Neem cake 80 kg/ha 114.33 1,96,375 2.19 

T₆ PSB 102.40 1,96,150 3.27 

T₇ FYM + VC 118.20 2,03,800 2.22 

T₈ FYM + Neem cake 120.06 2,06,950 2.22 

T₉ FYM + PSB 107.90 2,06,150 3.24 

T₁₀ VC + Neem cake 156.00 2,72,050 2.30 

T₁₁ VC + PSB 174.80 3,48,650 3.94 
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Fig. 3. B:C Ratio 
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4. Conclusion 
 

The results of the present investigation indicate that organic manures and biofertilizers significantly influenced 

the growth, yield attributes, quality parameters, and economic returns of beetroot (Beta vulgaris L.). Among the 

evaluated treatments, the integrated application of vermicompost @ 2.5 t ha⁻¹ in combination with phosphate-

solubilizing bacteria (PSB) @ 1.25 kg ha⁻¹ proved most effective in enhancing crop performance. This treatment 

recorded the highest values for plant height, leaf area, biomass accumulation, and earlier maturity, indicating 

improved vegetative growth and nutrient utilization. Similarly, yield attributes such as root length, root 

diameter, root weight, and root yield were significantly increased under the same treatment, accompanied by 

improved quality as reflected by higher total soluble solids (TSS). The economic analysis also revealed 

maximum net returns and benefit–cost ratio under this integrated nutrient management practice. Therefore, the 

combined application of vermicompost and PSB can be recommended as an efficient and sustainable nutrient 

management strategy for improving productivity, quality, and profitability of beetroot cultivation under similar 

agro-ecological conditions. 
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