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Abstract 

Combinations of plant growth promoting microorganisms were evaluated under pot culture to test their ability to enhance 

growth and yield attributes of Brinjal during rabi 2020 at the Department of Vegetable Science, College of Horticulture, 

Bagalkot, (UHS, Bagalkot), Karnataka, India. The pot experiment was laid out in a completely randomized design with sixteen 

treatments and three replications. The experiment results showed that combination of VAM + Azotobacter + Trichoderma 

harzianum to be the best PGPR consortia for enhancing the growth and yield attributes of brinjal followed by VAM+PSB. The 

treatment combination containing VAM + Azotobacter + Trichoderma harzianum showed the maximum plant height (22.56, 

46.16 and 62.76 cm), highest number of branches per plant (4.00, 10.66 and 13.33), more number of leaves per plant (61.33, 

102.33 and 126.33) at 30, 60 and 90 days after transplanting respectively and the treatment also recorded maximum root length 

(59.86 cm) and fruit yield per plant (615.93 g/plant), shoot fresh and dry weight (268.70 g and 54.20 g respectively), root fresh 

and dry weight (237.43 g and 55.36 g), nutrients in soil (495.00: 66.73: 402.80 NPK kg/ha.) and nutrient uptake of brinjal 

plant (461.66: 196.66: 523.33 NPK kg/ha) at 90 days after transplanting. 

Keywords: Brinjal, VAM, PGPR, Azotobacter, Trichoderma harzianum, PSB 

 

1. Introduction 

Brinjal (Solanum melongena L.) is one of the most important vegetable crop grown in tropical and subtropical 

regions of the world. It belongs to the family solanaceae and is native to Indo-Burma region. It is often described 

as a poor man’s cusp because its popularity among small and marginal farmers and low income consumers. (Devi 

et al., 2019) 
[4]

. India is the world’s second largest producer of brinjal. Brinjal fruits are widely used in various 

culinary preparations like sliced bhaji, stuffed curry, bharta, chutney, vangibath and pickles. It is good for the 

patients suffering from asthma, diabetes, cardiovascular disease, cholera and bronchitis. 

It is known that increased dependence on agro-chemicals including fertilizers has led to several ill effects on the 

environment and decreased soil fertility. On the other hand use of biofertilizers is becoming popular now a days for 

its cheap cost and it also decreases the adverse effects of chemical fertilizers on soil and environment (Verma, 

1995) 
[21]

. 

Plant growth promoting rhizobacteria are beneficial microorganisms that promote the growth of the plant by 

various ways like, converting the unavailable form of nutrients into available form by various methods (Kumar et 

al., 2019) 
[8]

. A small dose of plant growth promoting microorganism/ biofertilizer is sufficient to produce desirable 



2025, Vol 6 Issue 3  | 27 

American Journal of 

                 AI Digital Transformation and Regenerative Pharmacist 
Peer Reviewed, Referred & Indexed Journal 

                                                  ISSN: 3070-0418                                       www.zesterapublications.com                                        Original Research Paper 

 

results, because each gram of biofertilizer formulation contains at least 10 million viable cells of a specific strain 

(Pathak et al., 2017) 
[12]

. 

Generally, solanaceous crops require large quantity of nutrients like nitrogen, phosphorus, potassium, calcium and 

sulphur for better growth, fruit and seed yield. They are known to improve soil fertility, crop growth, yield as well 

as productivity (Singh et al., 2020) 
[18]

. The application of PGPR’s in combination is known to give compounded 

benefit on plant growth and yield compared to individual application. 

Therefore the present investigation was aimed at identification of best consortia of PGPR’s for enhancing seedling 

establishment, growth and yield of brinjal. 

 

2. Material and Methods 

An experiment was carried out during winter season of 2020 at College of Horticulture, Bagalkot (University of 

Horticultural Sciences, Bagalkot). The mahy super 10 hybrid seeds were used in experiment. The experiment was 

laid out in completely randomized design with sixteen treatment combinations and three replications. The 

treatments consists of T1 -100 % RDF (control), T2 - 100 % RDF + VAM, T3 -100 % RDF + Azotobacter, T4 -

100 % RDF + PSB, T 5 -100 % RDF + Trichoderma harzianum, T6- 100 % RDF + Pseudomonas fluorescens, T7-

100 % RDF+ VAM +Azotobacter, T8 -100 % RDF +VAM +Azotobacter + PSB, T9 -100 % RDF +VAM + 

Azotobacter + Trichoderma harzianum, T10 -100 % RDF + VAM + Azotobacter + Pseudomonas fluorescens, T11 -

100 % RDF + VAM + PSB, T12 - 100 % RDF + VAM + PSB +Trichoderma harzianum, T13 -100 % 

RDF + VAM + PSB+ Pseudomonas fluorescens, T14 -100 % RDF + VAM + Azotobacter + PSB + 

Trichoderma harzianum, T15 -100 % RDF + VAM + Azotobacter + PSB + Pseudomonas fluorescens, T16 -100 % 

RDF + VAM + Azotobacter + PSB + Pseudomonas fluorescens + Trichoderma harzianum. The plastic pots of 

20kg were filled with the potting mixture containing 3:1 proportion of soil and Farm Yard Manure. Two grams of 

the inoculum/formulation from each of the PGPR strains as per the treatment requirement was mixed per kilograms 

of sieved non sterile field soil at the time of transplanting. Two seedlings were transplanted in individual pots. 

Three pots / replication were maintained for individual treatments. The Brinjal crop was first established in nursery 

and then transplanted to main field at 30 days after sowing. Full dose of phosphorus and potassium were applied as 

basal during transplanting and fifty per cent of nitrogen was applied as basal and remaining half was top dressed at 

30 DAT. All other cultural practices were followed as per recommendation. Careful observations were taken with 

respect growth and yield parameters which plant height (cm), number of branches, number leaves per plant, Root 

length (cm), Shoot and root biomass weight (g) Plant nutrient uptake (N, P, K) and available soil nutrients. 

 

3. Results and Discussion 

3.1 Growth parameters 

Effects of plant growth promoting microorganisms on plant height, total number of branches / plant, number of 

leaves / plant under pot culture is presented in the table 1. 

The treatment T9 (VAM + Azotobacter + Trichoderma harzianum), had recorded maximum plant height of 22.56, 

46.16 and 62.76 cm at 30, 60 and 90 DAT respectively, number of branches/plant (4.00, 10.66 and 13.33 at 30, 
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60 and 90 DAT respectively) and number of leaves/plant (61.33,  102.33  and  126.33  at 30,  60  and  90  

DAT respectively). 

This might be due to application of Azotobacter which helps in the nitrogen fixation and production of plant 

hormones like IAA, GA3 and cytokinins (Kumar et al., 2019; Ashraf et al., 2020) 
[8,

 
2]

 like substances which are 

known to increase the cell division and cell elongation resulting in the better plant growth. Similar findings were 

reported by, Shubha et al. (2019) 
[16]

, Nandihalli et al. (2018) 
[10]

, Ghanti et al.(2009) 
[5]

 and Siddaling et al. 

(2017) 
[17]

. 

 

3.2 Root length and fruit yield 

The maximum root length was observed in the treatment combination of VAM + Azotobacter + Trichoderma 

harzianum (T9) with 59.86 cm (Table 2).This might be due to better establishment of beneficial microorganisms in 

the rhizosphere of plants, which might have released the plant growth regulators like auxin particularly indole 

acetic acid which is involved in growth of the roots in the plant rhizosphere. These results are in agreement with 

the Sarma et al. (2011) 
[15]

 and Kumar et al. (2017) 
[12]

. 

The maximum fruit yield per plant was observed in the treatment combination of VAM + Azotobacter + 

Trichoderma harzianum (T9) with 615.93 g/plant (Table 2). This might be due higher absorption of N, P and K 

(Rai et al., 2017) 
[13]

 from the soil. As, N is the chief constituent of protein, essential for protoplasm formation, 

which leads to cell enlargement, cell division and ultimately resulting in increased plant growth, height of plant, 

branches, flowers and fruits produced per plant. Increased foliage might have resulted in production of more 

photosynthates enhancing the yield. The present findings are in accordance with Devi et al. (2019) 
[4]

 and Singh 

and Sharma (2019) 
[19]

. 

 

3.3 Shoot and root biomass 

Maximum shoot fresh weight (268.70 g) and dry weight (54.20 g) was observed in treatment T9 (VAM + 

Azotobacter + Trichoderma harzianum) (Table 2.) This might be due to the application of microbial consortia and 

chemical fertilizers which enhance the availability of nutrients, phosphorus, plant growth substances (Kumar et al., 

2019; Ashraf et al., 2020) 
[8,

 
2]

. Nitrogen fixing and phosphorus solubilizing microorganism secrete certain organic 

acids and biochemical compounds which are growth promoting in nature (Ashraf et al.,2020) 
[2]

. Similar results 

were also reported by Kumar et al. (2017) 
[12]

 and Roshni et al. (2019) 
[19]

. 

Maximum root fresh weight (237.43 g) and dry weight (55.36 g) was observed in treatment T9 (VAM + 

Azotobacter + Trichoderma harzianum) (Table 2). This might be attributed to enhanced soil nutrient availability 

through better microbial activity and releasing the nutrients from the soil and helping by VAM in absorption of 

ample nutrients and its utilization by the plants. Application of bio fertilizers might have enhanced growth 

promoting substances secreted by the microbial inoculants and also arbuscular mycorrhizae might have played an 

important role in better root proliferation (Ashraf et al., 2020) 
[2]

. The phosphorus acquisition has been improved 

through approaches aimed at increasing citrate synthesis or exudation from plant cell. There are evidences to show 

that exudation of citrate and malate (Molla et al., 2012) 
[9]

 from root effectively solubilize unavailable phosphorus 
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sources accompanied by extensive root hair growth that increases the root surface by greater than 100 folds thus 

resulted in increase of root length, spread and fresh and dry weight of a plant as stated by Kumar et al. (2017) 
[12]

 

and Roshni et al. (2019) 
[14]

. 

 

3.4 Plant nutrient uptake 

Data in the Table 3 revealed that highest nitrogen, phosphorous and potassium uptake was found in treatment T9 

(VAM + Azotobacter + Trichoderma harzianum) with 61.66, 196.66 and 523.33 kg/ha respectively. This might 

be due to more uptake of nitrogen may be due to expanded root surface area through increased root growth and root 

hair development. The growth of bacteria and presence of mycorrhizal fungi around plant rhizosphere is known to 

increase the surface area of roots for explorations of nutrients particularly phosphorus (Khan et al., 2009) 
[6]

. The 

exudation of citrate and malate from roots effectively solubilizes unavailable phosphorus sources accompanied by 

extensive root hair. These biofertilizers were able to increase mobility and enhance absorption of P which might 

have increased the uptake of P. Similar results were observed by Kumar et al. (2017) 
[12]

. 

 

3.5 Available soil nutrients 

The highest nitrogen, phosphorus and potassium availability in soil was observed in treatment T9 (VAM + 

Azotobacter + Trichoderma harzianum) (495.00, 66.73 and 402.80 kg / ha respectively.) (Table -3).This might be 

due to balanced C/N ratio, more decomposition, enhanced biomass addition which contains humus (source of plant 

nutrients), production of organic acids (Molla et al., 2012) 
[9]

 which made insoluble forms of nutrients into 

available forms. Enhanced nutrient availability might also be attributed to nitrogen fixation and phosphorus 

solubilization by Azotobacter and Trichoderma harzianum respectively, which might have led to increase in 

nitrogen and phosphorus availability in the rhizosphere (Bagyaraj et al., 1992) 
[3]

. Besides, improved soil 

properties (physical, chemical and biological) might also be responsible for enhanced nutrient availability. Similar 

results were reported by Kumar et al. (2017) 
[12]

 and Vimera et al. (2012) 
[22]

. 
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Table 1: Plant height (cm), total number of branches per plant, number of leaves per plant of brinjal at different growth stages 

as influenced by different plant growth promoting microorganism. 

 

Treatments 
Plant height (cm) Total number of branches per 

plant 

Number of leaves per 

plant 

30 

DAT 

60 

DAT 

90 

DAT 

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

T1 – Control 18.30 35.40 49.66 2.00 6.00 9.00 40.00 83.33 97.66 

T2 – VAM 21.00 37.30 51.93 3.00 8.66 10.00 45.33 83.66 108.33 

T3 – Azotobacter 19.30 37.23 53.16 2.66 7.33 10.66 51.33 89.66 111.66 

T4 – PSB 19.36 38.93 53.53 3.00 9.00 10.33 46.00 90.33 113.00 

T 5 - Trichoderma harzianum 19.70 37.13 51.10 3.00 7.66 10.66 47.33 91.00 115.66 

T6 - Pseudomonas fluorescens 19.33 37.10 49.96 3.00 9.66 10.33 45.33 91.00 111.00 

T7 - VAM + Azotobacter 21.66 39.06 53.46 3.00 9.66 11.66 47.66 86.66 105.33 

T8 - VAM + Azotobacter + PSB 20.63 37.73 53.20 3.00 8.33 12.00 43.66 90.33 104.33 

T9 - VAM + Azotobacter + T.H 22.56 46.16 62.76 4.00 10.66 13.33 61.33 102.33 126.33 

T10 - VAM + Azotobacter + P.F 20.46 39.53 52.03 3.00 7.66 12.33 57.00 89.33 116.00 

T11 - VAM + PSB 22.00 46.03 58.83 4.00 10.00 13.00 58.00 97.33 120.33 

T12 - VAM + PSB + T.H 22.10 44.33 59.90 3.33 10.00 12.66 59.33 95.33 114.00 

T13 - VAM + PSB + P.F 19.46 37.80 53.06 3.33 9.00 11.66 50.00 89.00 111.66 

T14 - VAM + Azotobacter + PSB + T.H 21.23 37.46 53.33 2.00 7.00 12.00 46.33 91.00 112.33 

T15 - VAM + Azotobacter + PSB + P.F 22.06 42.50 57.23 3.66 10.00 12.66 58.66 94.00 121.66 

T16 - VAM + Azotobacter + PSB + P.F + 

T.H 

20.56 36.93 51.16 3.00 8.66 12.00 46.66 88.33 114.33 

S.Em ± 0.56 1.08 1.54 0.14 0.25 0.33 1.29 1.55 2.42 

CD at 5% 1.63 3.11 4.44 0.41 0.72 0.96 3.73 4.47 6.98 

 

Note: DAT: Days After Transplanting  PSB: Bacillus megaterium - UHSBB11 

VAM: Vesicular Arbuscular Fungi (Glomus fasiculatum) T.H: Trichoderma harzianum-UHSBTH15 

Azotobacter: Azotobacter chroococcum - UHSBB6 P.F: Pseudomonas fluorescens-UHSBPF1 

 

Table 2: Effects of plant growth promoting microorganisms on root length (cm), fruit yield per plant (g), shoot and root 

biomass weight under pot culture 

 

 

Treatments 

  Shoot biomass Root biomass 

Root 

length 

(cm) 

Fruit yield / 

plant (g) 

Shoot 

fresh 

Weight 

(g) 

Shoot 

dry 

weight(g

) 

Root 

fresh 

weight 

(g) 

Root 

dry 

weight(g

) 
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T1 - Control 42.96 339.33 183.53 37.30 133.70 26.50 

T2 - VAM 50.06 383.10 219.33 47.10 143.00 29.13 

T3 - Azotobacter 46.00 481.83 218.53 44.03 141.83 32.16 

T4 - PSB 49.03 435.00 207.50 43.50 140.83 34.63 

T 5 - Trichoderma harzianum 44.06 360.00 199.20 43.26 156.93 26.90 

T6 - Pseudomonas fluorescens 46.13 408.33 209.60 44.00 140.13 26.96 

T7 - VAM + Azotobacter 45.53 544.23 211.76 45.50 157.13 31.66 

T8 - VAM + Azotobacter + PSB 45.33 459.00 230.13 47.73 175.56 38.36 

T9 - VAM + Azotobacter + T.H 59.86 615.93 268.70 54.20 237.43 55.36 

T10 - VAM + Azotobacter + P.F 48.83 412.33 224.10 45.53 163.80 41.06 

T11 - VAM + PSB 54.33 589.66 255.50 52.73 199.80 54.96 

T12 - VAM + PSB + T.H 51.63 564.00 246.06 50.10 180.43 48.06 

T13 - VAM + PSB + P.F 44.26 558.16 224.90 48.73 134.66 45.33 

T14 - VAM + Azotobacter + PSB + T.H 44.40 450.00 213.53 46.00 163.80 45.16 

T15 - VAM + Azotobacter + PSB + P.F 50.83 562.50 234.56 49.33 181.76 52.10 

T16 - VAM + Azotobacter + PSB + P.F + 

T.H 

48.63 441.66 191.10 40.76 168.06 43.83 

S.Em ± 1.16 11.61 4.61 0.92 3.42 0.78 

CD at 5% 3.36 33.44 13.30 2.65 9.85 2.24 

Note: DAT: Days After Transplanting PSB: Bacillus megaterium - UHSBB11 

VAM: Vesicular Arbuscular Fungi (Glomus fasiculatum) T.H: Trichoderma harzianum-UHSBTH15 

Azotobacter: Azotobacter chroococcum - UHSBB6 P.F: Pseudomonas fluorescens-UHSBPF1 

 

Table 3: Effects of plant growth promoting microorganisms on plant nutrient uptake and available soil nutrients under pot 

culture 

 

 

Treatments 

Plant nutrient uptake Available soil nutrients 

Nitrogen 

uptake 

(kg/ha) 

Phosphorus 

uptake 

(kg/ha) 

Potassium 

uptake 

(kg/ha) 

Available 

N 

(kg/ha) 

Available 

P2O5 (kg/ha) 

Available 

K2O 

(kg/ha) 

T1 - Control 170.00 65.01 319.33 272.65 42.00 280.00 

T2 - VAM 198.27 86.55 340.00 325.56 54.33 315.00 

T3 - Azotobacter 234.76 105.31 406.66 410.43 50.33 289.00 

T4 - PSB 248.07 90.634 323.33 367.20 44.66 343.33 

T 5 - Trichoderma harzianum 203.02 80.70 381.66 343.33 45.53 345.70 

T6 - Pseudomonas fluorescens 153.14 89.58 425.00 333.69 55.66 372.56 

T7 - VAM + Azotobacter 265.05 111.85 418.33 366.67 49.70 364.00 

T8 - VAM + Azotobacter + PSB 286.19 97.75 385.00 387.16 57.10 370.33 

T9 - VAM + Azotobacter + T.H 461.66 196.66 523.33 495.00 66.73 402.80 

T10 - VAM + Azotobacter + P.F 238.10 101.13 410.00 430.86 60.23 385.00 
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T11 - VAM + PSB 340.00 158.00 486.66 485.20 65.82 397.33 

T12 - VAM + PSB + T.H 331.66 137.31 441.66 473.67 62.99 391.66 

T13 - VAM + PSB + P.F 323.33 127.70 403.33 325.04 52.80 361.66 

T14 - VAM + Azotobacter + PSB + T.H 254.71 98.82 408.66 471.10 53.50 349.00 

T15 - VAM + Azotobacter + PSB + P.F 338.10 144.91 441.66 478.91 64.33 394.46 

T16 - VAM + Azotobacter + PSB + P.F + 

T.H 

281.65 90.41 412.66 347.64 52.33 376.33 

S.Em ± 10.52 3.61 11.33 11.05 2.48 12.51 

CD at 5% 30.32 10.40 32.64 31.85 7.14 36.02 

Note: DAT: Days After Transplanting PSB: Bacillus megaterium - UHSBB11 

VAM: Vesicular Arbuscular Fungi (Glomus fasiculatum) T.H: Trichoderma harzianum-UHSBTH15 

Azotobacter: Azotobacter chroococcum - UHSBB6 P.F: Pseudomonas fluorescens-UHSBPF1 

 

Conclusion 

The present investigation was aimed at identifying the best combination of beneficial microorganisms for getting 

good growth and yield of brinjal crop. The beneficial microorganisms helps in maintaining good soil health for 

longer time and enhances nutrient availability in soil and ultimately helps in getting better crop yields. From the 

investigation, we can conclude that the treatment combination of VAM + Azotobacter + Trichoderma harzianum to 

be the best PGPR consortia for enhancing growth and yield attributes of brinjal. 
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