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Introduction 
 

Sorghum (Sorghum bicolor L.) is a significant nutri-

cereal crop grown all over the world for both food and 

fodder (Rao et al., 2020). Several arid and semi-arid 

regions in the world can cultivate sorghum because of 

its benefits. After rice, wheat, barley and maize, 

sorghum (Sorghum bicolor (L) Moench) is the fifth-

most major cereal crop in the world (Akram et al., 

2007; Rashwan et al., 2021). Among soil bacteria, 

diazotrophs like Azospirillum and Gluconacetobacter 

are beneficial to fix atmospheric nitrogen, thereby 
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Sorghum is a highly nutrient-intensive crop therefore in order to reduce the need of 

chemical fertilizers, maintain a sufficient level of soil fertility, and increase the productivity 

of the sorghum crop, a bacterial consortium consisting of Azospirillum brasilense, 

Gluconacetobacter diazotrophicus, Pseudomonas fluorescens and Bacillus subtilis was 

developed to improve sorghum growth and yield. The seed treatment with a bacterial 

consortium was applied for Rabi season (2022-2023) at experimental field of Department 

of Plant Pathology & Agril. Microbiology, Mahatma Phule Krishi Vidyapeeth, Rahuri 

(M.S.), India. Field results indicated that all growth and yield parameters of sorghum were 

influenced by the treatment T2 i.e. RDF (Recommended Dose of Fertilizers + Bacterial 

Consortium) which was significantly superior over rest of the all treatment and it was at par 

with treatment T3 i.e. (75% NPK + Bacterial Consortium). RDF and the bacterial 

consortium (T2) significantly enhanced growth parameters, including germination rate 

(95.83%), plant height at flowering (156.22 cm) and at harvest (171.22 cm), fresh weight of 

shoot (70.43 g) and root (57.6 g), dry matter weight at flowering (31.05) and harvesting 

(37.00 g), grain yield (20.09 q/ha), and stover yield (53.43 q/ha), 1000-grain weight (35.5 

g), outperforming all other treatments. The Absolute Control (T8) consistently showed the 

lowest values across all growth and yield parameters. The study concludes that integrating a 

bacterial consortium with RDF or 75% NPK significantly enhances sorghum growth and 

yield, supporting sustainable practices by reducing dependency on chemical fertilizers 

while improving soil health and productivity. This combination is recommended for 

achieving optimal sorghum yield, especially in nutrient-limited soils. 
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promoting their growth and development (Raja et al., 

2006). In addition to both Azospirillum and 

Gluconacetobacter, Pseudomonas promotes plant 

development and exerts biological control over host 

plants, both of which are advantageous effects. Bacillus 

spores can be used in a variety of growing 

circumstances since they are long-lived and resistant to 

a number of adverse environmental conditions 

(Nicholson et al., 2000). Consortium of many beneficial 

organisms is more efficient than single cultures. 

Microorganisms have a synergistic influence on plant 

growth when they are mixed in an inoculation. They 

are among the affordable, environmentally beneficial 

and user-friendly technologies. Developing 

bioinoculant consortia that can mobilize N, P and K 

nutrients as a single inoculant with improved shelf life 

will be a valuable technology for modern agriculture.  
 

These bio-fertilizers enhance both the quantity and 

quality of various plants (Yosefi et al., 2011). A 

significant portion of crop production is increased by 

applying biofertilizers that contain beneficial 

microorganisms. A low input system that makes use of 

organic and biological fertilizers can contribute to 

farming's sustainability (Itelima et al., 2018). 

Numerous researchers have studied the individual 

effects of Azospirillum spp., Gluconacetobacter spp., 

Pseudomonas spp. and Bacillus spp. on increased crop 

productivity. On the other hand, relatively little research 

has been done on the development of a microbial 

consortium that includes Azospirillum spp., 

Gluconacetobacter spp., Pseudomonas spp. and 

Bacillus spp. and how it affects sorghum. Therefore, in 

order to reduce the need of chemical fertilizers, 

maintain a sufficient level of soil fertility, and 

increase the productivity of the sorghum crop, a 

microbial consortium consisting of these four plant 

growth-promoting rhizobacteria was developed with the 

complementary use of inorganic fertilizers. Hence, in 

the present investigation, consortium of four 

microorganism viz., Azospirillum brasilense, 

Gluconacetobacter diazotrophicus, Pseudomonas 

fluorescens and Bacillus subtilis were evaluated for 

their sustainability to improve sorghum growth and yield. 

 

Materials and Methods 
 

Field Experiment 
 

A field experiment was conducted in the research field 

of the Department of Plant Pathology and Agricultural 

Microbiology, Mahatma Phule Krishi Vidyapeeth, Rahuri 

(M.S.), India, to assess the effects of bacterial 

consortium on growth and yield of sorghum (Sorghum 

bicolor L.). 

 

Seed Inoculation 
 

Carrier based consortium of Azospirillum brasilense, 

Gluconacetobacter diazotrophicus, Pseudomonas 

fluorescens and Bacillus subtilis rhizobacteria was 

applied to the seeds of sorghum @ 25 g/kg of seeds 

before sowing of the sorghum seeds. 

 

Observations 
 

The plant growth parameters recorded during this 

study included germination percentage (%), plant height 

(cm) at flowering and at harvest, fresh weight of shoot 

and root (g plant-1), dry matter weight at flowering and 

at harvest (g plant-1). For the yield and yield 

contributing parameters, the grain yield (q ha-1), 1000 

grain weight (g), stover yield (q ha-1) were recorded. 

 

Statistical analysis 
 

The experimental data were analyzed using suitable 

statistical methods. A randomized block design (RBD) 

was employed for the field experiments. Critical 

differences (C.D.) were calculated at a significance 

level of P=0.05 for in vivo studies, following the 

approach described by Panse and Sukhatme (1985). 

When results were significant, the C.D. at the 5% level 

was determined. 
 

Results and Discussion 
 

The data depicted in Table 1 and Table 2 regarding the 

effect of consortium of Plant Growth Promoting 

Rhizobacteria on growth parameters of sorghum 

noticeably showed significant variations. Among the 

different inoculation treatments, T2 i.e., seed 

inoculation with RDF (Recommended Dose of 

Fertilizers) + Bacterial Consortium was found to be the 

most effective as it recorded the highest germination 

(95.83%). This was closely followed by T3 i.e., seed 

inoculation with 75% NPK + Bacterial Consortium 

which was recorded 93.75% germination. However, the 

T2 treatment did not show a significant difference from 

the T3, and both were found to be significantly superior 

to the other treatments. Similarly, T2 i.e. RDF + 
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Bacterial Consortium proved to be the most effective, 

resulting in the highest plant height at both flowering 

(156.22 cm) and harvesting (171.22 cm) stages.  

 

The treatment T3 i.e. 75% NPK + Bacterial 

Consortium followed closely, with plant heights of 

154.92 cm at flowering and 169.38 cm at harvesting. 

The difference between these two treatments was not 

statistically significant, with both performing better than 

the other treatments. 

 

The treatment RDF + Bacterial Consortium demonstrated 

the highest fresh shoot weight, reaching 70.43 g, 

making it the most effective treatment. The treatment 

75% NPK + Bacterial Consortium followed closely 

with a fresh shoot weight of 68.11 g, showing no 

significant difference from treatment RDF + Bacterial 

Consortium; both treatments outperformed the others 

considerably.  

 

The highest fresh root weight of sorghum was recorded 

by the treatment RDF + Bacterial Consortium weighing 

57.6 g, proving to be the most effective treatment. The 

treatment 75% NPK + Bacterial Consortium followed 

closely with a fresh root weight of 56.00 g, with no 

significant difference from T2; both treatments 

significantly outperformed the others.  

 

The treatment RDF + Bacterial Consortium was the 

most effective, achieving the highest dry matter weight 

at the flowering stage, with 31.05 g per plant. This was 

closely followed by treatment 75% NPK + Bacterial 

Consortium, which showed a dry matter weight of 30 

g per plant. The treatment RDF + Bacterial Consortium 

emerged as the most effective, achieving the highest 

dry matter weight at the harvesting stage, measuring 

37 g per plant. This was closely followed by 75% NPK 

+ Bacterial Consortium, which recorded a dry matter 

weight of 36.05 g per plant. The difference between T2 

and T3 was not statistically significant, as both 

treatments exhibited significantly better outcomes than 

the others. The lowest growth results were recorded 

by treatment T8 i.e. Absolute control. The current 

findings align with previous research conducted by the 

scientist, further reinforcing those earlier conclusions by 

Patidar and Mali (2004); Sandya Rani et al., (2019); 

Chauhan et al., (2019); Padwar et al., (2020); Ashwini 

and Patil (2021); Kavya et al., (2023); Parunandi et al., 

(2023). 

The data interpreted in Table 3 presents the effect of 

consortium of PGPR on yield and yield contributing 

parameters of sorghum. All treatments in this study 

affected the 1000- grain weight of sorghum, with 

values ranging from 28.02 to 35.5 g. Among the 

treatments, RDF + Bacterial Consortium showed the 

highest 1000-grain weight of 35.5 g, proving 

statistically superior to the other treatments. This was 

closely followed by treatment 75% NPK + Bacterial 

Consortium with a 1000-grain weight of 35.2 g, 

which was statistically comparable to RDF + Bacterial 

Consortium.  

 
The application of different treatments significantly 

influenced the grain and stover yields of sorghum. 

Among the various treatments, RDF + Bacterial 

Consortium was most effective, achieving the highest 

grain yield of 20.09 q/ha and a stover yield of 53.43 

q/ha. The treatment 75% NPK + Bacterial Consortium 

closely followed with grain and stover yields of 

19.57 q/ha and 51.86 q/ha, respectively. The 

difference in yields between T2 and T3 was not 

statistically significant, indicating that both treatments 

were similarly effective in enhancing sorghum yield. 

The lowest growth performance was recorded by the 

Absolute Control. Studies by Suresh et al., (2019); 

Sandya Rani et al., (2019); Kakde et al., (2020); 

Padwar et al., (2020); Doifode (2021) support these 

results, highlighting the benefits of utilizing PGPR 

consortium in combination with field application of 

different percentage of recommended dose of fertilizer 

for enhancing sorghum grain and stover yield. 

 
Based on the findings, it can be concluded that the 

application of a bacterial consortium combined with the 

recommended dose of fertilizers (RDF) significantly 

enhanced growth and yield of sorghum. Among the 

various treatments, RDF + Bacterial Consortium was 

effective, showing superior performance across growth 

parameters particularly at flowering and harvest stages 

and yield parameters. This treatment demonstrated the 

highest germination percentage, plant height, fresh and 

dry weight of shoot and root, grain yield, and stover 

yield. The treatment 75% NPK + Bacterial Consortium 

was closely followed RDF + Bacterial Consortium, 

showing statistically comparable results in most 

parameters. Both treatments i.e. RDF + Bacterial 

Consortium and 75% NPK + Bacterial Consortium 

proved significantly more beneficial than treatments 

lacking the bacterial consortium.  
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Table.1 Experimental Details: Field experiment was carried out with the following details 
 

1. Crop : Sorghum 

2. Variety : Phule Anuradha 

3. Design : Randomized Block Design 

4. No of treatments : 8 

5. No. of replications : 3 

6. Plant Spacing : 45 cm x 15 cm 

7. Farm Yard Manure : 
5-6 tons ha

-1
 

8. NPK Fertilizer dose : 80:40:40 

9. Plot size : Gross: 2.70 m x 2.25 m 

Net: 1.80 m x 1.65 m 

10. Season : Rabi, 2022-2023 

 

Table.2 Treatment Details 
 

T1 Only Bacterial Consortium 

T2 RDF + Bacterial Consortium 

T3 75% NPK+ Bacterial Consortium 

T4 50% NPK+ Bacterial Consortium 

T5 25% NPK+ Bacterial Consortium 

T6 75% NPK+ Bacterial Consortium of MPKV 

T7 Recommended Dose of Fertilizer 

T8 Absolute Control 
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Table.3 Effect of consortium of Plant Growth Promoting Rhizobacteria on germination (%) and plant height at flowering and harvesting stage 

(cm) of sorghum 
 

Treatments Treatment details Germination (%) Plant height (cm) 

Flowering stage Harvesting stage 

T1 Only Bacterial Consortium 77.08 126.12 135.1 

T2 RDF + Bacterial Consortium 95.83 156.22 171.22 

T3 75% NPK+ Bacterial Consortium 93.75 154.92 169.38 

T4 50% NPK+ Bacterial Consortium 83.33 136.2 148.24 

T5 25% NPK+ Bacterial Consortium 79.86 127.61 137.51 

T6 75% NPK+ Bacterial Consortium of MPKV 89.58 146.36 159.71 

T7 Recommended Dose of Fertilizer 84.72 137.75 149.92 

T8 Absolute Control 76.72 124.96 134.08 

S.E. (m)± 1.07 2.81 3.18 

CD at 5% 3.25 8.53 9.64 
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Table.4 Effect of consortium of Plant Growth Promoting Rhizobacteria on fresh weight (g) of shoot, root and dry matter weight (g) of 

sorghum 
 

Treatment Treatment details Fresh weight of 

shoot (g) 

Fresh weight of 

root (g) 

Dry matter weight (g) 

Flowering stage Harvesting stage 

T1 Only Bacterial Consortium 54.34 46.55  

20.99 

 

24.56 
T2 RDF + Bacterial Consortium 70.43 57.6 31.05 37.00 

T3 75% NPK+ Bacterial Consortium 68.11 56.00 30.00 36.05 

T4 50% NPK+ Bacterial Consortium 59.00 50.14 24.01 27.59 

T5 25% NPK+ Bacterial Consortium 56.4 47.77 21.23 24.81 

T6 75% NPK+ Bacterial Consortium of MPKV 64.79 53.61 27.29 33.21 

T7 Recommended Dose of Fertilizer 61.06 51.00 24.61 30.42 

T8 Absolute Control 53.87 45.43 20.23 23.75 

S.E. (m)± 0.85 0.78 0.86 0.91 

CD at 5% 2.57 2.36 2.60 2.75 
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Table.5 Effect of consortium of Plant Growth Promoting Rhizobacteria on 1000-grain weight (g), grain yield and stover yield (q ha
-1

) of 

sorghum 
 

Treatments Treatment details 1000-grain weight (g) 
Grain yield (q ha

-1
) Stover yield (q ha

-1
) 

T1 Only Bacterial Consortium 28.1 11.10 28.19 

T2 RDF + Bacterial Consortium 35.5 20.09 53.43 

T3 75% NPK+ Bacterial Consortium 35.2 19.57 51.86 

T4 50% NPK+ Bacterial Consortium 30.43 13.88 35.81 

T5 25% NPK+ Bacterial Consortium 28.19 11.24 28.55 

T6 75% NPK+ Bacterial Consortium of MPKV 33.01 16.78 44.13 

T7 Recommended Dose of Fertilizer 30.79 14.12 36.71 

T8 Absolute Control 28.02 11.00 27.5 

S.E. (m)± 0.71 0.84 2.20 

CD at 5% 2.16 2.54 6.66 
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Figure.1 Experimental Field 
 

 
 

The Absolute Control consistently recorded the lowest 

values in germination, growth and yield. The study 

underscores the effectiveness of integrating bacterial 

consortia with chemical fertilizers, suggesting that 

reduced fertilizer applications (75% NPK with bacterial 

consortium) can still achieve substantial benefits.  

 

This approach supports sustainable agricultural 

practices by reducing chemical fertilizer dependency 

while maintaining soil health and productivity. Thus, for 

optimal growth and yield of sorghum, particularly in 

nutrient-limited soils, the combined application of RDF 

or 75% NPK with a bacterial consortium is 

recommended as an effective agronomic strategy. 
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