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Effect of inoculation of Plant Growth Promoting Rhizobacteria on Growth, Plant nutrient content and Yield in Onion (Allium cepa)  



Abstract
An experiment was conducted to study the effect of plant growth promoting rhizobacteria with efficient isolates with graded levels of P2O5  on onion (Allium cepa L.) during rabi season of 2020-21 at Post Graduate Farm, Department of Plant Pathology and  Microbiology, Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra. The experiment was laid out in randomized block design with six treatments and four replications. The seedlings inoculation of Pseudomonas+ Azotobacter+ Bacillus + 100% P2O5 showed the maximum growth in growth and yield attributing characters of onion such as number of leaves, shoot length, root length, total fresh weight of shoot and root, fresh bulb weight and yield than other treatments. The second best treatment i.e. dual inoculation of Pseudomonas+ Azotobacter + Bacillus but lowered the dose of chemical fertilisers by 25%, resulting in a 75% P2O5 application. Application of seedling treatment of PGPR viz., Pseudomonas, Azotobacter and Bacillus spp. along with 75% chemical fertiliser to onion at the time of transplanting for 15 minutes which were at par with 100% chemical fertiliser this means that there is saving of 25% chemical fertiliser dose without any significant reduction in onion crop yield. The application of efficient strains of phosphate solubilizing (PGPR) could reduce ‘P2O5’ fertilizer application by 25% without any significant reduction in crop yield.
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Introduction
Onion (Allium cepa L.) is one of the oldest vegetables consumed worldwide plant. The onion commonly known as the bulb onion or common onion and most important commercial vegetable crops grown in India. Onion is widely used for culinary purposes and as a flavouring agent. Presently, it is available in fresh, canned pickled and frozen and dehydrated forms. Onion is cultivated round the year throughout the country. In India, onion was grown on an area of 1.54 million hectares with production of 254.73 lakh tonnes and productivity of 16.54 tonnes per ha during 2023-24. Maharashtra is leading state in area and production which having an area of 9.78 lakh thousand ha and production of 8854.09 thousand tonnes having productivity 17.73 tonnes per ha.
Phosphorus is generally available in sufficient amounts, but because of its low available in the cold soils, it should be applied before planting. The majority of European onions are known considered to be "long-day" onions because they only produce bulbs after more than 14 hours of daylight. "Intermediate-day" cultivars, which require just 12 to 13 hours of daylight to encourage bulb growth, are popular in Southern Europe and North Africa. Plant growth promoters Azotobacter, Bacillus and Azospirillum were isolated from the rhizosphere of tomato. Azotobacter biofertilizer has been studied to have beneficial impacts on plant growth and yield traits of brinjal (Bhakare et al. 2008). The study's goal was to see how PGPR, such as Bacillus sp, Pseudomonas fluorescens and Azotobacter chroococcum affected onion germination, growth and yield, as well as microbiological activity in the rhizosphere during the vegetation period. PGPR plays an essential role in onion growth parameters and yield.  Keeping in view the above mentioned points, present investigation was taken up with the objectives to study the effect of seedling inoculation of PGPR on growth parameters, total fresh weight, fresh bulb weight, nutrient uptake and bulb yield of onion. 
Material and Methods
Experimental site and treatment details:  A field experiment was conducted at Post Graduate Farm of Department of Plant Pathology and Agril. Microbiology, Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra during winter (rabi) season of 2020-21.  The soil of experimental field is medium black soil with an excellent texture and a depth of over 60 cm as well as a homogeneous and levelled terrain. In terms of response, the soil is neutral. soil nitrogen (207.96 Kg/ha.), soil phosphorous (27.33 Kg/ha.), soil potassium (382.26 Kg/ha.), pH 7.92, EC (0.193 dSm-1) and soil organic carbon (0.54%). The research experiment was laid down in randomized block design with four replications. The treatment comprised with six treatment combinations viz., T1: SI of PGPR (Pseudomonas fluorescence +Bacillus +Azotobacter) only, T2: SI of PGPR (Pseudomonas fluorescence +Bacillus +Azotobacter) + 50% P2O5, T3: SI of PGPR (Pseudomonas fluorescence +Bacillus +Azotobacter) + 75% P2O5, T4: SI of PGPR (Pseudomonas fluorescence +Bacillus +Azotobacter) + 100% P2O5., T5: 100% P2O5 without PGPR and T6: Absolute control (without PGPR). 
Treatment application: The variety N-2-4-1of onion was transplanted at a spacing of 15 cm row to row and 10 cm plant to plant. According to the treatment specifications, each replication received the appropriate dose of fertilizer in the form of urea, single super phosphate and muriate of potash. It is used as a maintenance dosage. The recommended dose of fertilizer was 100 kg N: 50 kg P2O5: 50 kg K2O per ha was applied during the season as per recommendations. Urea was applied in three split doses with half as basal dose and remaining quantity of N was applied in two equal splits at monthly interval after transplanting. MOP fertilizers were applied at the time of transplanting. Single super phosphate were applied as phosphorus source at the time of transplanting as per treatment details of graded P2O5. 
Observations recorded: Five randomly selected plants were used to record the number of leaves, plant height, dry weight of shoot and root, fresh bulb weigh, nutrient content in plants and bulb yield of onion at 30 DAT, 60 DAT and 90 DAT. The observations on microbial population were recorded at initial stage and at harvesting of onion. The plant samples for total N, P, and K analysis were collected separately from each treatment plots of onion at harvesting stage. The nitrogen content of the plant was measured by using  Microkjeldahl method (Jackson,1973), Phosphorus content of plant was determined by colorimetric method (Jackson 1973) employing vandomolybdate phosphoric yellow color colorimetric method. The potassium content of the plant was measured using a flame photometer (Jackson, 1973). The data was statistically analysed and subjected to analysis of variance (ANOVA) by OPSTAT program.
Microbial population: The usual dilution and plating procedure was used to count the microbial population of bacterial isolates in soil (Alexander, 1977). Using the conventional serial dilution approach, a composite soil sample (to a depth of 0-15 cm) was taken at the initial and at harvest to estimate the microbial population of PGPR isolates  which were utilised in field experiment. 

Result and Discussion 
Effect on growth parameter: 
Number of leaves and shoot and root length: Number of leaves differed significantly in all treatments and pooled data (Table 1) revealed that significantly maximum number of leaves (9.10) was recorded under seedling inoculation of Pseudomonas+ Azotobacter + Bacillus + 100% P2O5 i.e.T4 at 90 days after transplanting (DAT) but was found at par with the treatment T3 -SI of Pseudomonas+ Azotobacter + Bacillus + 75% P2O5 (8.99) and treatment T5 -100% P2O5 (8.89) at 90 DAT. In similar way, significantly maximum shoot length and root length (48.50 cm, 8.75 cm) was recommended in T4 at 90 DAT, respectively but its effect was at par with treatment T3: SI of Pseudomonas+ Azotobacter + Bacillus + 75% P2O5 (47.95 cm, 8.53 cm) and T5: 100% P2O5 (46.99 cm, 8.43cm) at 90 DAT, respectively. The shoot and root length was recorded maximum in treatment T4 i.e. seedling inoculation of all the three PGPRs and 100% P2O5 included. From the data it was indicated that application of PGPR and phosphorous increases shoot and root length significantly over the absolute control. Similar results were also observed by Azatykandeh et al., (2018) and Afify et al. (2018) in onion, and Petrovic et al. 2019. Samayoa et al. (2020) studied the functional assessment of plant growth promoting promoting bacteria on growth parameters of onion. Amitkumar et al., 2019 reported that combined application of PSB (25%) + Rhizobium (25%) + Trichodarma (50%) increase the maximum height of plant, number of leaves per plant and other growth parameters. Bandi et al., 2024 reported that combination application biofertilizers with inorganic   nutrients on growth  parameters viz., maximum  plant  height (72.68 cm) and  leaf length (63.07 cm)  were recorded with the treatment T2 (100% RDF);  number  of leaves  (10.13)  was  recorded  with  treatment  T6  (100%  RDF  + Bacillus).
Fresh weight of total shoot and root: The fresh weight of shoot and root of onion from table 2 revealed that the  seedling inoculation of Pseudomonas+ Azotobacter + Bacillus + 100% P2O5  i.e T 4 recorded significantly higher fresh weight of shoot and root ( 29.06 gm and 34.98 gm) at 90 DAT and at harvesting, respectively but was found at par with seedling inoculation of Pseudomonas+ Azotobacter + Bacillus + 75% P2O5  i.e. T3 of fresh weight of shoot and root ( 28.86 gm and 34.25 gm) and application of 100% P2O5 in T5 of fresh weight of shoot and root (27.93 gm and 33.35 gm) at 90 and at harvest, respectively.  The total fresh weight of shoot and root observed higher in treatment T4 in which seedling inoculation of all the three PGPRs and 100% P2O5 included. From this it in indicated that application of PGPR and full phosphorous increases fresh weight of shoot and root significantly as compared to the absolute control. Samayoa et al. (2020) studied plant growth promoting promoting bacteria for its potential and positively corelated on growth parameters of onion.
 Fresh weight of onion bulb: The fresh weight of bulb of onion from table 2, revealed that treatment T4 -SI of Pseudomonas+ Azotobacter + Bacillus + 100% P2O5 recorded significantly maximum fresh weight of bulb (54.13 gm and 87.46 gm) at 90 and at harvesting, respectively, which was statistically at par with treatment T3 (53.87 gm and 86.45 gm) and treatment T5 (53.19 gm and 85.75 gm) at 90 and at harvest, respectively.  Similar results of bulb weight were reported by Petrovic et al 2019. Amitkumar et al., 2019 reported that combined application of PSB (25%) + Rhizobium (25%) + Trichodarma (50%) increase in fresh weight of bulb.  Bandi et al., 2024 reported that combination application biofertilizers with inorganic   nutrients on yield parameters viz., yield parameters such as plant fresh weight (189.33 g) was  recorded  maximum in  treatment  T5 (100%  RDF  +  Pseudomonas).  

Total nutrient uptake: 
Total Nitrogen, Phosphorus and Potassium:  There was a significant effect of different seedling inoculation of PGPR on total N, P and K at onion harvest stage. Nutrient uptake by onion plant from Table 3 showed that the pooled analysis of data showed that significantly maximum nitrogen, phosphorus and potassium  uptake at harvesting (167.75 Kgha-1 , 26.36 kg ha-1  and 129.71 kg ha-1) recorded in SI of Pseudomonas+ Azotobacter + Bacillus + 100% P2O5  in treatment T4 and it was at par with treatment T3 : SI of Pseudomonas+ Azotobacter + Bacillus + 75% P2O5  and T5 :100% P2O5. Similar results were reported by Sharma et al (2009), Singh et al (2008) , Jayathilake et al. (2002) and  Negi et al. (2022) in onion. Singh and Singh (2017) also studied the soil nutrient availability and reported maximum available N (200.32 kg ha-1), P (31.94 kg ha-1) and K (119.43 kg ha-1) in soil after harvesting was found in combined application of 100% NPK and biofertilizers (Azotobacter @ 5 kg/ha + PSB @ 5 kg/ha) in garlic. 
Onion bulb yield: The seedling inoculation of Pseudomonas+ Azotobacter + Bacillus + 100% P2O5 i.e. T4 recorded significantly maximum bulb yield of onion at harvesting 28.30 t/ha, which was statistically at par with T3 -SI of Pseudomonas+ Azotobacter + Bacillus + 75% P2O5 and T5 -100% P2O5 without PGPR. The Absolute control treatment without PGPR recorded minimum yield of onion (20.64 t/ha) than other treatments at harvesting. This increase is due to more average bulb weight. Use of PGPR i.e. Azotobacter and Pseudomonas not only makes atmospheric nitrogen and soil phosphorus available plants but also enhances plant growth and bulb yield due to release of hormone and nutrients. This result agrees of the research work done by Singh et al 2017 in garlic, Damse et al 2014. (Konde et al. 1998) who reported that dual inoculation of Rhizobium, VA- mycorrhizae across 75% RDF of phosphorus recorded maximum growth and yield of chickpea followed by VA-mycorrhizae aloe and Rhizobium alone. Afify et al. 2018 revealed that PGPR enhances onion productivity and minimize chemical fertilization. Application of Azotobacter + 75% dose of NPK recorded significantly higher yield than the control treatment. Bandi et al., 2024 reported that combination application biofertilizers with inorganic   nutrients on yield parameters viz., bulb weight at harvest (170.46 g) and yield/m2  (3.78 kg/m2) was recorded maximum with treatment T6 (100% RDF + Bacillus)
Microbial count of Pseudomonas: From the table 3 results revealed that treatment T5 -100% P2O5 without PGPR have 49.69×10-4 colonies maximum at initial stage i.e. at the time sowing and treatment T4 -SI of Pseudomonas+ Azotobacter + Bacillus + 100% P2O5 have colonies maximum at harvest stage 99.75×10-4, which were maximum in all seedling inoculation treatments.
Microbial count of Azotobacter and Bacillus : From the table 3 results revealed that treatment T1 -SI of Pseudomonas+ Azotobacter + Bacillus only have ( 49.81×10-4 , 49.06×10-4 ) colonies of Azotobacter and Bacillus at initial stage i.e. at the time sowing and treatment T4 -SI of Pseudomonas+ Azotobacter + Bacillus + 100% P2O5 have colonies maximum Azotobacter and Bacillus colonies at harvest stage (99.56×10-4,  102.06×10-4 )  , respectively which were maximum in all treatments.

From the table 3 observed that microbial population was maximum found in T4 where plot treated with Pseudomonas, Azotobacter, Bacillus and 100% P2O5 at harvesting stage, which was higher than T6 i.e. Absolute control. This was because of 100% RDF and PGPR, which resulted in significant increase in microbial population at harvesting. At any stage of crop growth, such as sowing and harvesting, the interaction of biofertilizers and fertilizer’s had no significant impact on overall bacterial population. The findings of this study correspond with those of Beerendra Singh (2006), who discovered that increased levels of NP resulted in the highest bacterial population.
Conclusion
Phosphate solubilization activity of Pseudomonas and Bacillus isolated from onion Rhizosphere. The treatment T4 - SI of Pseudomonas+ Azotobacter + Bacillus + 100% P2O5 and showed the maximum growth in growth and yield attributing characters of onion such as number of leaves, shoot length, root length, fresh weight of total shoot and root, fresh  bulb weight and yield than other treatments. The second-best treatment was T3, which included dual inoculation of Pseudomonas+ Azotobacter + Bacillus but lowered the dose of chemical fertilisers by 25%, resulting in a 75% P2O5 application. This treatment can also be advised for use in commercial onion growing to reduce input costs, resulting in a higher cost-benefit ratio. With the application of a combination of chemical fertilisers and biofertilizers, efficient PGPR organisms with phosphate solubilizing ability and nitrogen fixing capability are helpful for improving yield and yield attributing features. Application of seedling treatment of PGPR viz., Pseudomonas, Azotobacter and Bacillus spp. along with 75% chemical fertiliser to onion at the time of transplanting for 15 minutes which were at par with 100% chemical fertiliser this means that there is saving of 25% chemical fertiliser dose. The application of efficient strains of phosphate solubilizing (PGPR) could reduce ‘P2O5’ fertilizer application by 25% without any significant reduction in crop yield.
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Table 1 Effect of inoculants of Pseudomonas, Azotobacter and Bacillus under graded levels of P2O5 on growth parameters of onion
	Tr. No.
	Treatment
	Number of leaves (DAT)
	Shoot length (cm)
	Root length (cm)

	
	
	30
	60
	90
	30 DAT
	60 DAT
	90 DAT
	30 DAT
	60 DAT
	90 DAT

	T1
	SI of Pseudomonas+ Azotobacter  + Bacillus only
	3.84
	7.73
	8.22
	22.61
	42.24
	43.05
	3.66
	5.51
	7.10

	T2
	SI of Pseudomonas+ Azotobacter  + Bacillus + 50% P2O5
	3.80
	7.66
	8.21
	23.16
	42.84
	44.45
	3.68
	6.19
	7.80

	T3
	SI of Pseudomonas+ Azotobacter  + Bacillus + 75% P2O5
	4.10
	8.46
	8.99
	27.18
	46.23
	47.95
	4.16
	7.34
	8.53

	T4
	SI of Pseudomonas+ Azotobacter  + Bacillus + 100% P2O5
	4.25
	8.60
	9.10
	27.50
	46.70
	48.50
	4.40
	7.80
	8.75

	T5
	100% P2O5 without PGPR
	4.05
	8.31
	8.89
	25.85
	45.36
	46.99
	4.01
	7.29
	8.43

	T6
	Absolute control (without PGPR)
	3.65
	7.29
	7.65
	19.55
	40.14
	40.94
	3.44
	5.11
	6.60

	
	S.Em. +
	0.15
	0.15
	0.19
	0.60
	0.97
	1.31
	0.15
	0.18
	0.13

	
	CD at 5 %
	0.43
	0.43
	0.56
	1.74
	2.83
	3.83
	0.43
	0.52
	0.37












Table 2 Effect of inoculants of Pseudomonas, Azotobacter and Bacillus under graded levels of P2O5 on fresh weight of shoot, root and bulbs onion
	Tr. No.
	Treatment
	Total fresh weight ( Shoot +Root) g/plant
	Fresh bulb weight (g /plant)

	
	
	30
	60
	90
	At harvest
	30 DAT
	60 DAT
	90 DAT
	At harvest

	T1
	SI of Pseudomonas+ Azotobacter  + Bacillus only
	3.17
	20.10
	25.19
	32.05
	19.13
	29.81
	48.98
	80.55

	T2
	SI of Pseudomonas+ Azotobacter  + Bacillus + 50% P2O5
	3.22
	20.15
	25.85
	31.50
	20.28
	30.64
	50.50
	81.08

	T3
	SI of Pseudomonas+ Azotobacter  + Bacillus + 75% P2O5
	3.53
	21.85
	28.86
	34.25
	25.81
	35.15
	53.87
	86.45

	T4
	SI of Pseudomonas+ Azotobacter  + Bacillus + 100% P2O5
	3.67
	22.30
	29.06
	34.98
	26.49
	36.83
	54.13
	87.46

	T5
	100% P2O5 without PGPR
	3.34
	21.40
	27.93
	33.35
	22.28
	33.74
	53.19
	85.75

	T6
	Absolute control (without PGPR)
	3.00
	18.56
	23.66
	30.00
	17.88
	27.93
	48.09
	75.98

	
	S.Em. +
	0.15
	0.33
	0.50
	0.63
	1.45
	1.11
	0.42
	1.81

	
	CD at 5 %
	0.44
	0.97
	1.46
	1.83
	4.23
	3.24
	1.23
	5.29









Table 3 Effect of inoculants of Pseudomonas, Azotobacter and Bacillus under graded levels of P2O5 on microbial population, nutrient uptake  and yield of onion
	Tr. No.
	Treatment
	Pseudomonas spp.
	Azotobacter spp.
	Bacillus spp.
	Total nutrient uptake (Kg ha-1)
	Yield (tha-1)
	% Increase Over Control 

	
	
	Initial
×10-4
	At Harvest
×10-4
	Initial
×10-4
	At Harvest
×10-4
	Initial
×10-4
	At Harvest
×10-4
	Total N
	Total P
	Total P
	
	

	T1
	SI of Pseudomonas+ Azotobacter  + Bacillus only
	49.13
	57.23
	49.81
	52.63
	49.06
	56.13
	153.70
	22.65
	106.77
	24.63
	19.33

	T2
	SI of Pseudomonas+ Azotobacter  + Bacillus + 50% P2O5
	48.44
	88.19
	46.56
	90.50
	47.56
	95.50
	156.61
	23.35
	112.11
	25.26
	22.38

	T3
	SI of Pseudomonas+ Azotobacter  + Bacillus + 75% P2O5
	47.69
	97.88
	48.13
	98.25
	47.69
	100.81
	165.03
	25.83
	126.30
	27.44
	32.94

	T4
	SI of Pseudomonas+ Azotobacter  + Bacillus + 100% P2O5
	48.19
	99.75
	47.13
	99.56
	48.25
	102.06
	167.75
	26.36
	129.71
	28.30
	37.11

	T5
	100% P2O5 without PGPR
	49.69
	96.63
	47.31
	96.71
	47.38
	98.74
	162.75
	25.50
	123.02
	27.08
	31.20

	T6
	Absolute control (without PGPR)
	47.68
	52.06
	45.06
	48.25
	45.18
	53.25
	149.67
	21.22
	100.07
	20.64
	0

	
	S.Em. +
	0.41
	1.72
	0.63
	1.66
	0.55
	2.02
	2.18
	0.38
	2.36
	0.51
	

	
	CD at 5 %
	1.23
	5.08
	1.86
	4.91
	1.63
	5.95
	6.39
	1.12
	6.90
	1.49
	



