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ABSTRACT

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,

Keywords Gluconacetobacter diazotrophicus, Pseudomonas fluorescens and Bacillus subtilis was
Sorghum (Sorghum developed to improve sorghum growth and yield. The seed treatment with a bacterial
bicolor L.), consortium was applied for Rabi season (2022-2023) at experimental field of Department
Bacterial of Plant Pathology & Agril. Microbiology, Mahatma Phule Krishi Vidyapeeth, Rahuri
;‘;‘;io?rll};zl;n (M.S.), India. Field results indicated that all growth and yield parameters of sorghum were
bmsﬁens e influenced by the treatment T2 i.e. RDF (Recommended Dose of Fertilizers + Bacterial
Clnesmmesahaeiar Consortium) which was significantly superior over rest of the all treatment and it was at par

diazotrophicus

with treatment T3 i.e. (75% NPK + Bacterial Consortium). RDF and the bacterial
consortium (T2) significantly enhanced growth parameters, including germination rate

R (95.83%), plant height at flowering (156.22 cm) and at harvest (171.22 cm), fresh weight of
TRl shoot (70.43 g) and root (57.6 g), dry matter weight at flowering (31.05) and harvesting
15 October 2024 (37.00 g), grain yield (20.09 g/ha), and stover yield (53.43 g/ha), 1000-grain weight (35.5
Accepted: g), outperforming all other treatments. The Absolute Control (T8) consistently showed the
21 November 2024 1 1 1l growth and yield parameters. The study concludes that integrating a
Available Online: owest values across all grow yield p y grating
10 December 2024 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.
Introduction 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

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
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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 wvarious 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™!), dry matter weight at flowering and
at harvest (g plant!). For the yield and yield
contributing parameters, the grain yield (q ha™), 1000
grain weight (g), stover yield (q ha') 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 c¢m) stages.

The treatment T3 1ie. 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 g/ha and a stover yield of 53.43
g/ha. The treatment 75% NPK + Bacterial Consortium
closely followed with grain and stover yields of
19.57 qg/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

—
o

SRl SESl e SR T

T1
T2
T3
T4
T5
Te
T7
T8

Crop ; Sorghum

Variety : Phule Anuradha

Design : Randomized Block Design

No of treatments : 8

No. of replications : 3

Plant Spacing : 45 cm x 15 cm

Farm Yard Manure 5-6 tons ha_l

NPK Fertilizer dose : 80:40:40

Plot size : Gross: 2.70 m x 2.25 m
Net: 1.80 m x 1.65 m

Season : Rabi, 2022-2023

Table.2 Treatment Details

Only Bacterial Consortium
RDF + Bacterial Consortium
75% NPK+ Bacterial Consortium
50% NPK+ Bacterial Consortium
25% NPK+ Bacterial Consortium
75% NPK+ Bacterial Consortium of MPKV
Recommended Dose of Fertilizer
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
Te6 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

Treatment

T1

T2
T3
T4
T5
Te
T7
T8

Treatment details

Only Bacterial Consortium

RDF + Bacterial Consortium
75% NPK+ Bacterial Consortium
50% NPK+ Bacterial Consortium
25% NPK+ Bacterial Consortium
75% NPK+ Bacterial Consortium of MPKV
Recommended Dose of Fertilizer
Absolute Control
S.E. (m)+
CD at 5%

sorghum

Fresh weight of
shoot (g)

54.34

70.43
68.11
59.00
56.4
64.79
61.06
53.87
0.85
2.57

122

Fresh weight of
root (g)

46.55

57.6
56.00
50.14
47.77
53.61
51.00
45.43

0.78

2.36

Dry matter weight (g)

Flowering stage
2099
31.05
30.00
24.01
21.23
27.29
24.61
20.23
0.86
2.60

Harvesting stage
24.56
37.00
36.05
27.59
24.81
33.21
30.42
23.75
0.91
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_l) of

Treatments

T1
T2
T3
T4
T5
Te
7
T8

Treatment details

Only Bacterial Consortium
RDF + Bacterial Consortium
75% NPK+ Bacterial Consortium
50% NPK+ Bacterial Consortium
25% NPK+ Bacterial Consortium
75% NPK+ Bacterial Consortium of MPKV
Recommended Dose of Fertilizer
Absolute Control
S.E. (m)+
CD at 5%

sorghum

1000-grain weight (g)

123

28.1
35.5
35.2
30.43
28.19
33.01
30.79
28.02
0.71
2.16

Grain yield (q ha'l)
11.10
20.09
19.57
13.88
11.24
16.78
14.12
11.00
0.84
2.54

Stover yield (q ha'l)
28.19
53.43
51.86
35.81
28.55
44.13
36.71

27.5
2.20
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.

Author Contributions

D. D. Godse: Investigation, formal analysis, writing—
original draft. A. M. Navale: Validation, methodology,
writing—reviewing. R. T. Gaikwad:—Formal analysis,
writing—review and editing. S. A. Shewale:
Investigation, writing—reviewing.

Data Availability
The datasets generated during and/or analyzed during the

current study are available from the corresponding author
on reasonable request.

Declarations

Ethical Approval Not applicable.
Consent to Participate Not applicable.
Consent to Publish Not applicable.

Conflict of Interest The authors declare no
competing interests.

References

Akram, A., Fatima, M., Ali, S., Jilani, G. and Asghar,
R. 2007. Growth, yield and nutrient uptake of
sorghum in response to integrated phosphorus and
potassium management. Journal of Botany, 33(4):
1033-1037.

Ashwini and Patil, C. R. 2021. Studies on NPK
Biofertilizer Consortia and their Influence on
Maize (Zea mays L.) Seedling Vigour. Int. J. Curr.
Microbiol.  App. Sci. 10(01): 1825-  1838.
https://doi.org/10.20546/ijcmas.2021.1001.213

Chauhan, A., Tripathi, S., Singh, N., Saini, L. and
Govind. 2019. Effect of fertilizer levels,
biocompost and biofertilizer on growth and yield
attributes of fodder sorghum (Sorghum bicolor
(L.) Moench). Journal of Pharmacognosy and

124


https://doi.org/10.20546/ijcmas.2021.1001.213

Int.J.Curr.Microbiol. App.Sci (2024) 13(12): 117-125

Phytochemistry. 8(6): 617-620.

Doifode, V. D. 2021. Effect of Biofertilizers on the
Growth and Yield of Sorghum Crop. Science
Progress and Research, 1(2):19-23.
https://doi.org/10.52152/spr/2021.113

Itelima, J. U., Bang, W. J., Sila, M. D., Onyimba, . A.
and Egbere, O. J. 2018. A review: Biofertilizer -
A key player in enhancing soil fertility and crop
productivity. J.  Microbiol. Biotechnol. Rep.,
2(1):22-28.

Kakde, N. A., Manjunath, M., Hanwate, G. R. and
Gourkhede, P. H. 2020. Influence of Microbial
Consortia on Yield of Kharif Sorghum
(Sorghum bicolor L.) and Soil Parameters under
Rainfed Conditions. Indian J. Dryland Agric.
Res. & Dev. 35(2): 54-56.
http://dx.doi.org/10.5958/2231-6701.2020.00017.2

Kavya, Y., Gopal, A. V., Vani, P. M., Prasad, N.
V. V. S. D. and Giridhar, K. 2023. Screening
and Characterization of PGPRs Collected from
Rhizosphere Soils of Sorghum Crop Grown
Vertisols. The Journal of Research ANGRAU.
51(4):5-18.
https://doi.org/10.58537/jorangrau.2023.51.4.01

Nicholson, W. L., Munakata, N., Horneck, G., Melosh,
H. J. and Setlow, P. 2000. Resistance of Bacillus

endospores to  extreme  terrestrial  and
extraterrestrial environments. Microbiology
Molecular  Biology  Reviews,  64:548-572.

https://doi.org/10.1128/mmbr.64.3.548-572.2000

Padwar, G., Mitra, N. G., Yadav, T. C., Sahu, R. K. and
Padwar, G. 2020. Effect of Microbial Consortia as
Basal Application and Foliar Spray of
Gluconacetobacter diazotropicus on Growth,
Yield and Nutrient Uptake by Maize. Int. J.
Curr. Microbiol. App. Sci. 9(06): 2900-2912. doi:
https://doi.org/10.20546/ijcmas.2020.906.350

Panse, V. S. and Sukhatme, P. V. 1985. Statistical
Methods for Agricultural Workers. ICAR Publ.,
New Delhi, pp. 152-155.

Parunandi, S. S., Murumkar, D. R., Navale, A. M. and
Shelke, S. R. 2023. Unveiling the Consortial
Role of Heterotrophic Nitrogen Fixing, Phosphate

Solubilizing and Potash Mobilizing Bacteria:
Augmenting Soil Health, and Growth and Yield
of Wheat Crop (7. aestivum) through Integrated
Nutrient Management Strategy.
Int.J.Curr.Microbiol. App.Sci. 12(11): 138-167.

Patidar, M. and Mali, A. 2004. Effect of farmyard
manure, fertility levels and bio-fertilizers on
growth, yield and quality of sorghum (Sorghum
bicolor). Indian Journal of Agronomy, 49(2):117-
120. http://dx.doi.org/10.59797/ija.v49i2.5173

Raja, P., Uma, S., Gopal, H. and Govindarajan, K.,
2006. Impact of bio inoculants on rice root
exudates, biological nitrogen fixation and plant
growth. J Biol. Sci., 6(5):815-823.
http://dx.doi.org/10.3923/ibs.2006.815.823

Rao, S. S., Tonapi, V. A., Nirmal, S. V., Kiran, B. O.,
Srividhya, S., Kamble, P. S., Patroti, P. and
Sujatha, K. 2020. Sorghum physiology research
for improving abiotic stress adaptation. ISBN:
81-89335-95-2. 98PP.

Rashwan, A. K., Yones, H. A., Karim, N., Taha, E.
M. and Chen, W. 2021. Potential processing
technologies for developing sorghum based food
products: An update and comprehensive review.
Trends in Food Science and Technology, 110:168-
182. http://dx.doi.org/10.1016/j.tifs.2021.01.087

Sandya Rani, K., P., Satish, C., Sudha Rani and C.,
Sudhakar. 2019. Effect of Liquid Biofertilizers on
Growth and Yield of Rabi Sorghum (Sorghum
bicolor L.). Chem. Sci. Rev. Lett., 8 (32):190-194.

Suresh, Asmitha, Nelson, Wafula, Korir and Nicholus.
2019. Effect of Biofertilizer on Growth and Yield
Characteristics of Zea mays L. in Different
Ecological Zones in Kenya. Asian Journal of Soil
Science and Plant Nutrition,
http://dx.doi.org/10.9734/ajsspn/2019/v4i330045

Yosefi, K., Galavi, M., Ramrodi, M. and Mousavi, S.
R. 2011. Effect of biophosphate and chemical
phosphorus fertilizer accompanied with micro
nutrient foliar application on growth, yield and
yield components of maize (Single Cross 704).
Aust J Crop Sci., 5:175-180.

How to cite this article:

Godse, D. D., A. M. Navale, R. T. Gaikwad and Shewale, A. M. 2024. Assessment of Effect of Bacterial Consortium
on Growth and Yield of Sorghum (Sorghum bicolor L.). Int.J.Curr.Microbiol. App.Sci. 13(12): 117-125.

doi: https://doi.org/10.20546/ijcmas.2024.1312.012

125



https://doi.org/10.52152/spr/2021.113
http://dx.doi.org/10.5958/2231-6701.2020.00017.2
https://doi.org/10.58537/jorangrau.2023.51.4.01
https://doi.org/10.1128/mmbr.64.3.548-572.2000
https://doi.org/10.20546/ijcmas.2020.906.350
http://dx.doi.org/10.59797/ija.v49i2.5173
http://dx.doi.org/10.3923/jbs.2006.815.823
http://dx.doi.org/10.1016/j.tifs.2021.01.087
http://dx.doi.org/10.9734/ajsspn/2019/v4i330045
https://doi.org/10.20546/ijcmas.2024.1312.012

	Assessment of Effect of Bacterial Consortium on Growth and Yield of Sorghum (Sorghum bicolor L.)
	ABSTRACT
	Introduction
	Materials and Methods
	Field Experiment
	Seed Inoculation
	Observations
	Statistical analysis
	Results and Discussion
	Table.1 Experimental Details: Field experiment was carried out with the following details
	Table.3 Effect of consortium of Plant Growth Promoting Rhizobacteria on germination (%) and plant height at flowering and harvesting stage (cm) of sorghum
	Table.4 Effect of consortium of Plant Growth Promoting Rhizobacteria on fresh weight (g) of shoot, root and dry matter weight (g) of sorghum
	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
	Figure.1 Experimental Field

	Author Contributions
	Data Availability
	Declarations
	Conflict of Interest The authors declare no competing interests.
	References

