


Impact of Organic manure and bio-fertilizers in various combinations on growth and flowering of dragon fruit



ABSTRACT 
	


Aims: It focuses on enhancing plant vigor, increasing flower production, improving soil fertility and promoting sustainable, eco-friendly nutrient management for better productivity and reduced chemical dependency.
Study design: Conducted over two years using a randomized block design (RBD) with 11 treatments.
Place and Duration of Study: The present study was carried out at Horticulture Garden, Department of Horticulture, Chandra Shekhar Azad University of Agriculture & Technology Kanpur, U.P. India during two consecutive years viz., 2021-22 and 2022-23.
Methodology: The experiment was laid out in Randomized Block Design (RBD) with 3 replications and 11 treatments viz.,T0- Control, T1- Vermicompost (0.5kg/plant), T2- Azotobacter (50g/plant), T3-VAM (100g/plant), T4- PSB (50g/plant), T5- Vermicompost (0.5kg/plant) + Azotobacter (50g/plant), T6-Vermicompost (0.5kg/plant) + VAM (100g/plant), T7-Vermicompost (0.5kg/plant) + PSB (50g/plant), T8-Vermicompost (0.5kg/plant) + Azotobacter (50g/plant) +VAM (100g/plant), T9-Vermicompost (0.5kg/plant) + Azotobacter (50g/plant) + PSB (50g/plant), and T10-Vermicompost (0.5kg/plant) + VAM (100g/plant) + PSB (50g/plant).	Comment by PC: Repetition. See study design.
Results: Results showed that the combined application of vermicompost (0.5 kg/plant), VAM (100 g/plant),and PSB (50 g/plant) (T11) significantly enhanced all parameters, recording the highest growth and flowering performance. T11 exhibited the earliest bud appearance (370 days), shortest bloom time (6.90 days), longest flowering duration (10.20 days) and largest flowers (29.64 cm length, 16.23 cm diameter). Treatments T10 and T9 also performed well.	Comment by PC: Spacing
Conclusion: The study highlights the benefits of integrating organic and bio-fertilizers for better growth, early flowering, and improved yield in dragon fruit, supporting sustainable agriculture.
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1. INTRODUCTION 
Dragon fruit (Hylocereus  undatus),  a nutrient-rich tropical cactus species, has gained global popularity due to its high economic and nutritional value. It is rich in antioxidants, vitamins, and minerals, making it an important crop for commercial cultivation (Mizrahi et al. 2007). However, achieving optimal growth and flowering in dragon fruit requires efficient nutrient management, particularly through organic manure and bio-fertilizers, which improve soil fertility, microbial activity, and overall plant performance. In recent years, sustainable farming practices have emphasized the use of organic and biofertilizer combinations to enhance crop productivity while reducing environmental impact (Sharma and Singh 2020).Organic manure, such as vermicompost, plays a crucial role in improving soil structure, increasing microbial biomass, and enhancing nutrient availability (Aranconet al. 2004). Vermicompost provides essential macro- and micronutrients that contribute to plant growth and development, including N, P, and K (Zhao et al. 2019). Additionally, bio-fertilizers like Vesicular Arbuscular Mycorrhiza, Azotobacter, and Phosphate-Solubilizing Bacteria have been widely studied for their ability toimprove nutrient uptake, root development, and stress tolerance in various crops (Singh et al. 2011).VAM forms symbiotic associations with plant roots, facilitating phosphorus absorption and enhancing water retention, ultimately promoting vegetative and reproductive growth in dragon fruit (Smith and Read 2008). Azotobacter, a nitrogen-fixing bacterium, contributes to nitrogen enrichment in the soil, stimulating plant metabolism and increasing biomass (Wu et al. 2012). Meanwhile, PSB enhances phosphorus solubilization, improving root establishment and flowering parameters (Khan et al. 2007).However, limited research has focused specifically on their impact on dragon fruit. Given the increasing demand for sustainable agricultural practices, it is essential to evaluate the synergistic effects of vermicompost and bio-fertilizers on the growth and flowering of dragon fruit under different treatment combinations.This study aims to assess the impact of organic manure and bio-fertilizers on key growth and flowering parameters of dragon fruit. The findings will contribute to the optimization of nutrient management strategies, promoting higher yields, improved fruit quality, and environmentally sustainable cultivation practices.	Comment by PC: Spacing 	Comment by PC: Explain the abbreviation before subsequent use.	Comment by PC: Spacing	Comment by PC: Spacing	Comment by PC: Spacing
2. MATERIAL  AND  METHODS 
The present study was carried out at Horticulture Garden, Department of Horticulture, Chandra Shekhar Azad University of Agriculture & Technology Kanpur, U.P. India during two consecutive years viz.,2021-22 and 2022-23. The experiment was laid out in Randomized Block Design (RBD) with 3 replications and 11 treatments viz.,T0- Control, T1- Vermicompost (0.5kg/plant), T2- Azotobacter (50g/plant), T3-VAM (100g/plant), T4- PSB (50g/plant), T5- Vermicompost (0.5kg/plant) + Azotobacter (50g/plant), T6-Vermicompost (0.5kg/plant) + VAM (100g/plant), T7-Vermicompost (0.5kg/plant) + PSB (50g/plant), T8-Vermicompost (0.5kg/plant) + Azotobacter (50g/plant) +VAM (100g/plant), T9-Vermicompost (0.5kg/plant) + Azotobacter (50g/plant) + PSB (50g/plant), and T10-Vermicompost (0.5kg/plant) + VAM (100g/plant) + PSB (50g/plant). The different concentrations of biofertilizers and vermicompost were prepared in the Departmental laboratory and applied in the plants as per each treatment combination. Other cultural operations like weeding, earthing up, pruning, irrigation, and disease management were applied commonly in all treatments. All the growth characteristics like plant height, number of shoots, number of areoles per plant,number of spines per areole, number of lobs, stem diameter, and number of segments per plant were observed manually at 30, 60, 90 and 120 days after transplanting. All the flowering parameters viz.,number of days to first flower-bud appearance, number of days to first flower-bud bloom, duration of flowering, number of flowers per pole, flower length and flower diameter were observed and recorded. The data collected were subjected to statistical analysis using the Analysis of Variance (ANOVA) technique to determine the significance of differences among treatments. The means were compared using LSD (Least Significant Difference) at a 5% level of significance.	Comment by PC: Delete 	Comment by PC: Spacing
3. RESULTS AND DISCUSSION
The present study aimed to evaluate the effect of various combinations of organic manure (vermicompost) and bio-fertilizers (Azotobacter, VAM, and PSB) on the growth and flowering parameters of dragon fruit (Hylocereus undatus) var. Red Flesh. The treatments significantly influenced the number of days to the first flower bud appearance, the days to the first bud bloom, and the flowering duration.	Comment by PC: Delete
Table 1. Impact of organic manure and bio-fertilizers in various combinations on plant height and stem diameter
	S. No.
	Treatments
	Plant height (cm)
	Stem diameter (cm)

	1.
	T0- Control   
	30
DAP
	60
DAS
	90
DAS
	120
DAS
	30
DAP
	60
DAS
	90
DAS
	120
DAS

	2.
	T1-Vermicompost(0.5kg/plant)
	67.15
	76.18
	93.88
	132.70
	4.25
	5.85
	6.44
	7.43

	3.
	T2- Azotobacter (50g/plant)
	68.03
	77.90
	104.54
	139.19
	4.43
	6.13
	6.75
	7.59

	4.
	T3- VAM(100g/plant)
	69.55
	74.86
	102.16
	156.07
	4.50
	6.20
	6.82
	7.62

	5.
	T4- PSB (50g/plant)
	69.91
	77.78
	105.21
	140.46
	4.78
	6.34
	7.06
	7.74

	6.
	T5-Vermicompost(0.5kg/plant)
+Azotobacter (50g/plant)
	71.07
	76.35
	99.52
	138.29
	4.60
	6.29
	6.90
	7.67

	7.
	T6-Vermicompost(0.5kg/plant)
+VAM(100g/plant)
	71.35
	77.98
	105.48
	145.47
	4.90
	6.40
	7.14
	7.82

	8.
	T7-Vermicompost(0.5kg/plant)
+ PSB (50g/plant)
	71.76
	79.88
	108.14
	144.84
	5.03
	6.59
	7.33
	9.90

	9.
	T8-Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)
	72.04
	76.33
	105.71
	150.53
	5.00
	6.49
	7.23
	9.86

	10.
	T9-Vermicompost(0.5kg/plant)+
Azotobacter (50g/plant) + 
PSB (50g/plant)
	72.34
	87.13
	111.00
	160.60
	5.22
	6.64
	7.42
	9.94

	11.
	T10-Vermicompost(0.5kg/plant)
+VAM(100g/plant) + PSB (50g/plant)
	72.98
	87.63
	113.56
	163.97
	5.35
	6.79
	7.50
	9.98

	
	S.E.(m)±
	73.23
	89.13
	118.30
	165.10
	5.53
	6.88
	7.59
	10.04

	
	C.D.	Comment by PC: Let the border line show 
	1.19
	2.04
	2.24
	6.42
	0.04
	0.08
	0.10
	0.09



3.1 Plant height 
The data on the plant height of dragon fruits in all treatments is presented in Table 1. The maximum plant height 73.23 cm, 89.13 cm, 118.30 cm, and 165.10 cm at 30, 60, 90 and 120 days after planting was recorded for plants treated with Vermicompost 0.5 kg/plant + VAM 100 g/plant + PSB 50 g/plant (T10), which is significantly at par with treatment T9[Vermicompost(0.5kg/plant)+Azotobacter (50g/plant) + PSB (50g/plant)] and T8[Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)] as compared to rest of treatments. However, the minimum plant height of 67.15 cm, 76.18 cm, 93.88 cm, and132.70 cm at 30, 60, 90, and 120 days after planting was noted in the control plant. This may be because the availability of vermicompost around the plants throughout growth, which is a source of humus, N- fixers, and nutrients, might have resulted in recording the higher values of plant height. These results are in agreement with the findings of Kumar et al. (2019) in Dragon fruit, Ghosh et al. (2014) in Orange, Webster (2005) in Grape, Kumar and Tripathi(2020), Tripathi et al. (2010, 2015 and 2017) in strawberry and Binepal et al. (2013) in Guava. 

3.2 Stem diameter 
The stem diameter of dragon fruitdata for all treatments is shown in Table 1. The maximum stem diameterof 5.53cm, 6.88 cm, 7.59 cm, and 10.04 cmat 30, 60, 90, and 120 days after planting was recorded for plants treated with vermicompost 0.5 kg/plant + VAM 100 g/plant + PSB 50 g/plant (T10), which is significantly at par with treatment T9[Vermicompost(0.5kg/plant)+Azotobacter (50g/plant) + PSB (50g/plant)] and T8[Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)]as compared to rest of treatments. However, the minimum plant height of 4.25 cm, 5.85 cm, 6.44 cm, and7.43 cm at 30, 60, 90, and 120 days after planting was noted in the control plant. This increase in the stem diameter may be because the application of vermicompost increased microbial activity in the soil which may have led to high soil fertility and the combined application of bio-fertilizers like VAM and PSB had beneficial metabolic activities in the plant. This led to high protein and carbohydrate synthesis and elongation of cells inside the plant. These observations are in line with the reports of Binepalet al. (2013) and Naik and Babu (2007)on Guava;Ghosh et al. (2014) and Marathe and Bharambe (2007) on Orange;Singh et al. (2010)on Strawberry, Kumar and Kumar (2013) in Mango, Hebberaet al. (2006) in Sapota, Ramamurthy et al. (2006) in Nagpur mandarin.
3.3 Number of shoots per plant
The data on the number of shoots of dragon fruits per plant in all treatments is presented in Table 2. The maximum number of shoots per plants of 2.50, 4.66, 7.66, and 12.33at 30, 60, 90, and 120 days after planting was recorded for plants treated with vermicompost 0.5 kg/plant + VAM 100 g/plant + PSB 50 g/plant (T10), which is significantly at par with treatment T9[Vermicompost(0.5kg/plant)+Azotobacter (50g/plant) + PSB (50g/plant)] and T8[Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)]as compared to rest of treatments. However, the minimum plantheight of 1.60m, 2.66m, 5.00m, and 8.50mat 30, 60, 90 and 120 days after planting was noted in the control plant.This was attributed tothe application of vermicompost and biofertilizersbio-fertilizers like PSB and VAM help in solubilizing and mobilizing the nutrients present in soil, therefore making more nutrients available to plants, this might have resulted in higher values concerning the number of shoots per plant. These results conform with the findings of Kumar et al. (2019) in Dragon fruit;Patel et al. (2005) andYadav et al. (2011) in Mango and Binepal et al. (2013) in guava.
3.4 Number of ribs per plant 
The data on the number of ribs per plant for all treatments is shown in Table 2. The maximum number of ribs per branch of 3.10, 3.30, 3.42, and 4.00 at 30, 60, 90, and 120 days after planting was recorded for plants treated with Vermicompost 0.5 kg/plant + VAM 100 g/plant + PSB 50 g/plant (T10), which is significantly at par with treatment T9[Vermicompost(0.5kg/plant)+Azotobacter (50g/plant) + PSB (50g/plant)] and T8[Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)]as compared to rest of treatments. However, the minimum plantheight of 2.90, 3.01, 3.07, and 3.20 at 30, 60, 90, and 120 days after planting was noted in the control plant.The combined use of organic fertilizers like vermicompost and biofertilizers (VAM, PSB) creates a synergistic effect, leading to a significant improvement in both root development and nutrient uptake. This combination ensures a balanced supply of macro and micronutrients, leading to an increase in the number of ribs per branch (Arancon et al. 2006). For instance, plants treated with vermicompost (0.5 kg/plant) + VAM (100 g/plant) + PSB (50 g/plant) (T10) showed the highest number of ribs per branch, as the organic amendments improved soil fertility, and biofertilizers boosted phosphorus availability.
3.5 Number of spines per areole
The data on the number of spines per areole of dragon fruits for all treatments is shown in Table 3. The maximum number of spines per areole of 2.66, 3.74, 4.50, and 5.33at 30, 60, 90 and 120 days after planting was recorded for plants treated with Vermicompost 0.5 kg/plant + VAM 100 g/plant + PSB 50 g/plant (T10), which is significantly at par with treatment T9[Vermicompost(0.5kg/plant)+Azotobacter (50g/plant) + PSB (50g/plant)] and T8[Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)]as compared to rest of treatments. However, the minimum plant height of 2.00m, 3.05m, 3.66m, and 4.06mat 30, 60, 90, and 120 days after planting was noted in the control plant.Organic compost enhances soil structure, microbial activity, and nutrient availability, leading to improved plant growth. Nutrients provided by organic compost, particularly nitrogen, are known to promote vegetative growth and overall plant health. However, excessive nutrient supply, particularly nitrogen, can reduce spine density because the plant invests more energy in vegetative growth than in defense mechanisms such as spine production (Gibson and Nobel, 1986). Vermicompost improves soil microbial activity more effectively, it may lead to a more significant increase in spine number due to enhanced nutrient availability and stress resilience (Aranconet al. 2006).Vermicompost not only provides essential nutrients but also improves soil aeration, water retention, and microbial diversity (Edwards andArancon, 2004).	Comment by PC: Spacing	Comment by PC: Spacing	Comment by PC: Spacing 

3.6 Number of segments per plant
The data on the number of segments per plant in all treatments is presented in Table 1.The maximum number of segments per plantof 1.33, 2.66, 4.50, and 5.33 at 30, 60, 90 and 120 days after planting was recorded for plants treated with Vermicompost 0.5 kg/plant + VAM 100 g/plant + PSB 50 g/plant (T10), which is significantly at par with treatment T9[Vermicompost(0.5kg/plant)+Azotobacter (50g/plant) + PSB (50g/plant)] and T8[Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)]as compared to rest of treatments. However, the minimum height of the plant at 30 (1.00), 60 (18.00), 90 (3.06), and 120 (3.66) days after planting was noted in the control plant. Vermicompost, being rich in essential nutrients such as nitrogen (N), phosphorus (P), potassium (K), and micronutrients, improves soil fertility and promotes vigorous plant growth. Vermicompost is known to contain plant growth regulators like auxins, gibberellins, and cytokinins, which stimulate cell division and elongation, leading to the formation of new segments (Edwards andArancon, 2004). The application of biofertilizers like VAM (Vesicular Arbuscular Mycorrhiza) and PSB (Phosphate-Solubilizing Bacteria) further enhances the nutrient uptake efficiency of the plants. VAM forms symbiotic associations with plant roots, improving the absorption of phosphorus and other immobile nutrients from the soil (Smith and Read, 2008). PSB, on the other hand, solubilizes the unavailable forms of phosphorus in the soil, making it accessible to plants (Rodriguez and Fraga 1999). 	Comment by PC: Spacing	Comment by PC: Spacing

Table 2. Impact of organic manure and bio-fertilizers in various combinations on the number of shoots per plant and number of ribs per branch
	S. No.
	Treatments
	Number of shoots per plant
	Number of ribs per branch

	
	
	30 DAP
	60 DAP
	90 DAP
	120 DAP
	30 DAP
	60 DAP
	90 DAP
	120 DAP

	1.
	T0- Control   
	1.60
	2.66
	5.00
	8.50
	4.25
	5.85
	6.44
	7.43

	2.
	T1-Vermicompost(0.5kg/plant)
	1.66
	3.00
	5.33
	9.33
	4.43
	6.13
	6.75
	7.59

	3.
	T2- Azotobacter (50g/plant)
	1.66
	3.06
	5.66
	10.00
	4.50
	6.20
	6.82
	7.62

	4.
	T3- VAM(100g/plant)
	2.00
	3.50
	6.06
	10.33
	4.78
	6.34
	7.06
	7.74

	5.
	T4- PSB (50g/plant)
	2.06
	3.33
	6.00
	10.05
	4.60
	6.29
	6.90
	7.67

	6.
	T5-Vermicompost(0.5kg/plant)
+Azotobacter (50g/plant)
	2.00
	3.66
	6.33
	10.50
	4.90
	6.40
	7.14
	7.82

	7.
	T6-Vermicompost(0.5kg/plant)
+VAM(100g/plant)
	2.06
	4.00
	6.66
	11.00
	5.03
	6.59
	7.33
	9.90

	8.
	T7-Vermicompost(0.5kg/plant)
+ PSB (50g/plant)
	2.33
	3.66
	6.50
	10.66
	5.00
	6.49
	7.23
	9.86

	9.
	T8-Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)
	2.33
	4.06
	7.00
	11.33
	5.22
	6.64
	7.42
	9.94

	10.
	T9-Vermicompost(0.5kg/plant)+
Azotobacter (50g/plant) + 
PSB (50g/plant)
	2.50
	4.33
	7.33
	12.00
	5.35
	6.79
	7.50
	9.98

	11.
	T10-Vermicompost(0.5kg/plant)
+VAM(100g/plant) + PSB (50g/plant)
	2.50
	4.66
	7.66
	12.33
	5.53
	6.88
	7.59
	10.04

	
	S.E.(m)±
	0.02
	0.03
	0.09
	0.14
	0.04
	0.08
	0.10
	0.09

	
	C.D. at 5%	Comment by PC: Border line needed 
	0.07
	0.11
	0.28
	0.42
	0.14
	0.24
	0.32
	0.28







The findings of this study align with those of Kumar et al. (2019), who observed a similar positive response in dragon fruit treated with organic and biofertilizer combinations. The study by Ghosh et al. (2014) in orange and Patel et al. (2005) in mango also supports the idea that organic amendments and biofertilizers significantly improve vegetative growth parameters, including segment formation. Vermicompost has been widely documented to improve the vegetativegrowth of various crops by enhancing nutrient availability and microbial activity in the soil (Bachman and Metzger 2008; Aranconet al. 2006).
Table 3. Impact of organic manure and bio-fertilizers in various combinations on the number of spines per areole and number of segments per plant

	S. No.
	Treatments
	Number of spines per areole
	Number of segments per plant

	1.
	T0- Control   
	30 DAP
	60 DAS
	90 DAS
	120 DAS
	30 DAP
	60 DAS
	90DAS
	120DAS

	2.
	T1-Vermicompost(0.5kg/plant)
	2.00
	3.05
	3.660
	4.060
	1.00
	1.80
	3.06
	3.66

	3.
	T2- Azotobacter (50g/plant)
	2.20
	3.25
	3.82
	4.33
	1.06
	1.95
	3.25
	3.86

	4.
	T3- VAM(100g/plant)
	2.27
	3.35
	3.90
	4.50
	1.08
	2.00
	3.33
	4.00

	5.
	T4- PSB (50g/plant)
	2.33
	3.40
	4.12
	4.70
	1.12
	2.14
	3.50
	4.33

	6.
	T5-Vermicompost(0.5kg/plant)
+Azotobacter (50g/plant)
	2.30
	3.50
	4.00
	4.66
	1.10
	2.10
	3.40
	4.20

	7.
	T6-Vermicompost(0.5kg/plant)
+VAM(100g/plant)
	2.40
	3.44
	4.20
	4.76
	1.16
	2.20
	3.66
	4.45

	8.
	T7-Vermicompost(0.5kg/plant)
+ PSB (50g/plant)
	2.48
	3.66
	4.32
	4.90
	1.26
	2.33
	3.86
	4.66

	9.
	T8-Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)
	2.66
	3.60
	4.30
	4.86
	1.20
	2.25
	3.70
	4.50

	10.
	T9-Vermicompost(0.5kg/plant)+
Azotobacter (50g/plant) + 
PSB (50g/plant)
	2.50
	3.68
	4.38
	5.00
	1.27
	2.50
	4.00
	4.80

	11.
	T10-Vermicompost(0.5kg/plant)
+VAM(100g/plant) + PSB (50g/plant)
	2.66
	3.70
	4.45
	5.30
	1.30
	2.60
	4.33
	5.00

	
	S.E.(m)±
	2.66
	3.74
	4.50
	5.33
	1.33
	2.66
	4.50
	5.33

	
	C.D. at 5%	Comment by PC: Border line needed
	0.02
	0.05
	0.04
	0.06
	0.01
	0.02
	0.05
	0.05



3.7 Number of days to first flower bud appearance
The data revealed that the application of organic manure and bio-fertilizers had a significant effect on the number of days to the first flower bud appearance (Table 1). The control treatment (T0) showed the highest value of 442.00 days, indicating the longest time for flower bud initiation. In contrast, treatment T10[(Vermicompost(0.5kg/plant)+ VAM(100g/plant) + PSB (50g/plant)] recorded the minimum days to flower bud appearance (370.00 days), showing an early initiation of flower buds. This result suggests that the combined application of vermicompost with VAM and PSB positively accelerated the flowering process. Other treatments such as T9[Vermicompost(0.5kg/plant)+ Azotobacter (50g/plant) + PSB (50g/plant)] and T8[Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)] also exhibited significantly early flower bud appearance, with 381.00 days and 392.00 days, respectively.The early flower bud initiation in treatments receiving bio-fertilizers and vermicompost can be attributed to enhanced nutrient availability and microbial activity in the soil. Vermicompost is known to improve soil structure, nutrient retention, and microbial populations, all of which contribute to better plant health and faster growth (Suthar, 2019). Moreover, the bio-fertilizers used in this study, such as VAM (vesicular-arbuscular mycorrhizae) and PSB (phosphate-solubilizing bacteria), play a crucial role in improving nutrient uptake, particularly phosphorus, which is essential for flowering and reproductive development in plants (Sharma et al. 2020).The results align with previous studies that emphasize the positive role of organic amendments and bio-fertilizers in enhancing flowering parameters. Patil et al. (2022) reported that the combined use of organic manure and bio-fertilizers significantly reduced the number of days to flowering in fruit crops by improving soil nutrient status and stimulating plant metabolic activities. Moreover, Sharma et al. (2020) found that bio-fertilizers, particularly VAM and PSB, enhance phosphorus availability and uptake, which is critical for early flower initiation.
Table 4. Impact of organic manure and bio-fertilizers in various combinations on the number of days the first flower bud appeared,number of days the first bud to bloom and duration of flowering
	S. No.
	Treatments
	Number of day’s first flower bud appearance
	Number of days first bud to bloom
	Duration of flowering
(Days)

	1.
	T0- Control   
	442.00
	8.06
	9.06

	2.
	T1-Vermicompost(0.5kg/plant)
	435.00
	7.90
	9.22

	3.
	T2- Azotobacter (50g/plant)
	429.00
	7.78
	9.34

	4.
	T3- VAM(100g/plant)
	420.00
	7.50
	9.48

	5.
	T4- PSB (50g/plant)
	424.00
	7.66
	9.40

	6.
	T5-Vermicompost(0.5kg/plant)
+Azotobacter (50g/plant)
	416.00
	7.33
	9.54

	7.
	T6-Vermicompost(0.5kg/plant)
+VAM(100g/plant)
	401.00
	7.26
	9.64

	8.
	T7-Vermicompost(0.5kg/plant)
+ PSB (50g/plant)
	410.00
	7.30
	9.60

	9.
	T8-Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)
	392.00
	7.20
	9.70

	10.
	T9-Vermicompost(0.5kg/plant)+
Azotobacter (50g/plant) + 
PSB (50g/plant)
	381.00
	7.00
	9.96

	11.
	T10-Vermicompost(0.5kg/plant)
+VAM(100g/plant) + PSB (50g/plant)
	370.00
	6.90
	10.20

	
	S.E.(m)±
	5.40
	0.12
	0.13

	
	C.D. at 5%
	16.06
	0.36
	0.41



3.8 Number of days to first bud bloom
The number of days from the first bud appearance to blooming also varied significantly across treatments (Table 1). The control (T1) required 8.06 days for the first bud to bloom, while treatment T10[(Vermicompost(0.5kg/plant) + VAM(100g/plant) + PSB (50g/plant)]showed the shortest duration of 6.90 days, indicating earlier flower blooming. The other treatments involving combinations of vermicompost and bio-fertilizers also recorded a faster transition from bud appearance to bloom compared to the control. Treatment T9[Vermicompost(0.5kg/plant)+Azotobacter (50g/plant) + PSB (50g/plant)] and T8[Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)]showed 7.20 days, both of which were significantly lower than the control.The reduction in the number of days to bloom in treatments receiving organic manure and bio-fertilizers can be attributed to enhanced nutrient availability and improved plant metabolism. Vermicompost is rich in essential macro and micronutrientsthat promote rapid vegetative growth and reproductive development. The role of bio-fertilizers in reducing the time to bud bloom is also significant. VAM (vesicular-arbuscular mycorrhizae) improves the uptake of phosphorus and other nutrients by forming a symbiotic relationship with the plant roots. Previous research supports these findings. Sharma et al. (2020) reported that the application of bio-fertilizers, particularly VAM and PSB, significantly reduced the time to flowering and blooming in fruit crops by enhancing nutrient uptake. Patil et al. (2022) also noted that organic manure, when combined with bio-fertilizers, leads to earlier flowering and blooming due to improved soil health and nutrient availability.

3.8 Duration of flowering
The flowering duration was notably extended by the combined application of vermicompost and bio-fertilizers (Table 1). The control (T0) recorded the shortest flowering duration of 9.06 days, while the longest duration was observed in treatment T10[(Vermicompost(0.5kg/plant) + VAM(100g/plant) + PSB (50g/plant)] with 10.20 days. This indicates that the application of vermicompost in combination with VAM and PSB extended the flowering period, potentially increasing the total number of flowers and improving reproductive success. Other treatments such as T9[Vermicompost(0.5kg/plant)+Azotobacter (50g/plant) + PSB (50g/plant)] and T8[Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)] also exhibited longer flowering durations of 9.96 days and 9.70 days, respectively.
Vermicompost is rich in essential nutrients and organic matter that enhance soil structure, microbial activity, and water retention, which are critical for prolonged flowering (Suthar, 2019). Additionally, the bio-fertilizers VAM (vesicular-arbuscular mycorrhizae) and PSB (phosphate-solubilizing bacteria) played key roles in improving nutrient uptake, particularly phosphorus, which is essential for flower development and longevity (Sharma et al. 2020). VAM forms a symbiotic relationship with plant roots, enhancing phosphorus absorption and improving the overall nutritional status of the plant (Smith and Read, 2008). This increased nutrient availability supports the plant’s metabolic activities during the flowering phase, leading to a prolonged duration. PSB further boosts phosphorus availability by solubilizing phosphorus from organic and inorganic sources in the soil, ensuring a continuous supply of this vital nutrient throughout the flowering period (Singh and Reddy 2011).The results are consistent with previous studies indicating that the use of organic manure and bio-fertilizers can enhance flowering parameters in fruit crops. Patil et al. (2022) reported that the application of organic inputs, such as vermicompost and bio-fertilizers, extends the flowering duration by improving soil health and nutrient availability. Moreover, Sharma et al. (2020) emphasized bio-fertilizers role in enhancing phosphorus uptake, which is essential for sustaining flowering and reproductive development.
3.9 Number of flowers per pole
The data indicate that applying organic manure (vermicompost) and bio-fertilizers significantly influenced the number of flowers per pole in dragon fruit (Table 2). The control treatment (T0) recorded the lowest number of flowers per pole (6.33), while the highest number (14.66) was observed in treatment T10[(Vermicompost(0.5kg/plant) + VAM(100g/plant) + PSB (50g/plant)]. This clearly shows that the combination of vermicompost with bio-fertilizers, particularly VAM and PSB, substantially enhanced the flowering performance.  Other treatments also demonstrated significant improvements compared to the control. Treatment T9[Vermicompost(0.5kg/plant)+Azotobacter (50g/plant) + PSB (50g/plant)] and T8[Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)] with 13.00 flowers. The increased number of flowers per pole with these treatments can be attributed to improved soil fertility, microbial activity, and nutrient cycling, which are essential for reproductive growth in plants. The role of VAM in improving phosphorus uptake and PSB in solubilizing phosphorus may have been critical in promoting flower production. The contribution of PSB further enhances the availability of phosphorus by solubilizing phosphate compounds, ensuring that the plants receive a continuous supply of this key nutrient during the flowering stage (Malik et al. 2013).The results are consistent with previous studies that have shown the positive effects of organic manure and bio-fertilizers on flowering in fruit crops. Patil et al. (2022) reported that organic inputs, such as vermicompost and bio-fertilizers, significantly enhance flower production by improving soil health and nutrient availability. Additionally, Sharma et al. (2020) emphasized the role of bio-fertilizers in enhancing phosphorus and nitrogen uptake, which are crucial for maximizing flower production and yield. Similar findings were reported by Kumar and Tripathi(2020) and Tripathi et al. (2010, 2015 and 2017) in strawberry.
Table 5. Impact of organic manure and bio-fertilizers in various combinations on the number of flowers per pole, flower length,and flower diameter
	S. No.
	Treatments
	Number of flowers per pole
	Flower length 
(cm)
	Flower diameter (cm)


	1.
	T0- Control   
	6.33
	25.58
	13.56

	2.
	T1-Vermicompost(0.5kg/plant)
	7.00
	26.00
	13.90

	3.
	T2- Azotobacter (50g/plant)
	7.66
	26.36
	13.86

	4.
	T3- VAM(100g/plant)
	9.33
	27.03
	14.03

	5.
	T4- PSB (50g/plant)
	9.66
	26.84
	13.86

	6.
	T5-Vermicompost(0.5kg/plant)
+Azotobacter (50g/plant)
	10.66
	27.50
	14.20

	7.
	T6-Vermicompost(0.5kg/plant)
+VAM(100g/plant)
	12.00
	28.22
	14.86

	8.
	T7-Vermicompost(0.5kg/plant)
+ PSB (50g/plant)
	12.66
	27.87
	14.36

	9.
	T8-Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)
	13.00
	28.72
	15.56

	10.
	T9-Vermicompost(0.5kg/plant)+
Azotobacter (50g/plant) + 
PSB (50g/plant)
	14.33
	29.23
	16.06

	11.
	T10-Vermicompost(0.5kg/plant)
+VAM(100g/plant) + PSB (50g/plant)
	14.66
	29.64
	16.23

	
	S.E.(m)±
	0.20
	0.46
	0.34

	
	C.D. at 5%
	0.59
	1.37
	1.02



3.10 Flower length
The length of flowers varied significantly among the treatments (Table 2). The control treatment (T0) recorded the shortest flower length (25.58 cm), whereas treatment T10[(Vermicompost(0.5kg/plant) + VAM(100g/plant) + PSB (50g/plant)] exhibited the longest flower length (29.64 cm). The combined use of vermicompost and bio-fertilizers, especially VAM and PSB, seemed to improve flower size by enhancing nutrient uptake and promoting vigorous plant growth. Other notable treatments were T9[Vermicompost(0.5kg/plant)+Azotobacter (50g/plant) + PSB (50g/plant)] and T8[Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)] , which recorded flower lengths of 29.23 cm and 28.72 cm, respectively. The increase in flower length observed in treatment T10 can be attributed to the synergistic effects of vermicompost, VAM (vesicular-arbuscular mycorrhizae), and PSB (phosphate-solubilizing bacteria).The presence of humic acids and beneficial microbes in vermicompost also improves soil structure, nutrient availability, and water retention, all of which support the growth of longer flowers (Aranconet al. 2006).the application of vermicompost combined with bio-fertilizers, particularly VAM and PSB, significantly increased the flower length in dragon fruit. The improved nutrient availability and enhanced microbial activity in the soil likely contributed to the elongation of the flowers.
3.11 Flower diameter 
Flower diameter also exhibited significant variation among the treatments (Table 2). The smallest flower diameter was observed in the control treatment (T0) at 13.56 cm, while the largest at 16.23 cmwas recorded in treatment T10[Vermicompost(0.5kg/plant)+VAM(100g/plant) + PSB (50g/plant)]. This suggests that the application of vermicompost in combination with VAM and PSB had a substantial impact on flower size. Bio-fertilizers like VAM and PSB enhance nutrient availability, particularly phosphorus, which is known to play a crucial role in flower development and size enhancement. Treatment T9[Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) + PSB (50g/plant)] and T8[Vermicompost(0.5kg/plant) +Azotobacter (50g/plant) +VAM(100g/plant)] with 15.56 cm. The increased flower diameter in these treatments can be attributed to improved nutrient uptake facilitated by bio-fertilizers, especially the symbiotic relationship between VAM and plant roots, which improves the plant’s ability to absorb nutrients from the soil.
The increase in flower diameter observed in treatment T11 can be attributed to the synergistic effects of vermicompost and bio-fertilizers, which enhance nutrient availability and improve overall plant health. the application of vermicompost and bio-fertilizers, particularly VAM and PSB, resulted in significant increases in flower diameter in dragon fruit. The improved nutrient availability, enhanced microbial activity, and better soil conditions likely contributed to this outcome. These findings underscore the importance of integrating organic and biological inputs in dragon fruit cultivation to enhance flower development and improve overall plant performance.
4. Conclusion 
The study conclusively demonstrated that the combined application of vermicompost, VAM, and PSB significantly enhanced both the growth and flowering of dragon fruit plants. Treatment T10[Vermicompost(0.5kg/plant)+VAM(100g/plant) + PSB (50g/plant)] consistently produced superior results in terms of plant height, stem diameter, number of shoots, ribs per branch, spines per areole, and segments per plant compared to the control and other treatments. The enhanced microbial activity, soil aeration, and continuous nutrient availability contributed to the overall improved growth performance. Additionally, this treatment significantly improved the early initiation of flower buds, reduced the time to bud bloom, extended the flowering duration, and enhanced flower size, including both flower length and diameter. The highest number of flowers per pole was also recorded under T10, reflecting an overall improvement in reproductive success and potential fruit yield. The synergistic effects of vermicompost and bio-fertilizers can be attributed to enhanced nutrient availability, improved microbial activity, and better soil health, promoting both vegetative and reproductive growth. These findings suggest that integrating organic and biological amendments is an effective strategy to improve the growth, flowering, and yield of dragon fruit while promoting sustainable agricultural practices by reducing dependence on chemical fertilizers. This aligns with previous research, further supporting the role of organic inputs and bio-fertilizers in optimizing horticultural production systems.
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