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ABSTRACT

Soybean (Glycine max) growth largely relies on three key macronutrients: nitrogen (N),

Keywords phosphorus _(P), and potassium (K_): During the present resea.rc_:h_, a liquid bioconsortium of
nitrogen fixing, phosphorus solubilizing, and potassium mobilizing bacteria was developed
Soybean (Glycine to boost soybean growth and yield, that proved more effective than individual microbial
l’)”i‘é’éﬁnﬁlﬂfm cultures. The seed treatment with the bioconsortium was applied over two consecutive
Nitrogen ﬁxin’g Kharif seasons (2022-2023 and 2023-2024) at Mahatma Phule Krishi Vidyapeeth, Rahuri
badiata (M.S.), India. It significantly enhanced plant growth parameters such as germination rate,
shoot and root length, plant vigor index, plant height at flowering and harvesting stages,
Article Info number of branches, and nodules. The yield parameters like number of pods and 100-seed
Received: weight also significantly improved. Treatment Ts (100% NPK + bioconsortium) resulted in
20 September 2024 the highest seed yield (23.91 q ha™) with straw yield (31.98 q ha™), outperforming other
Accepted: treatments, followed by Ts (75% NPK + bioconsortium) and T¢ (RDF 100% NPK),
26 October 2024 demonstrating superior reproductive performance over both years. The lowest results were
?g%?\?;;(b);l%ez: A obtained from treatment T i.e. absolute control. These results highlight the effectiveness of
the liquid bioconsortium in improving soybean productivity, positioning it as a valuable
approach for supporting sustainable agricultural practices.
Introduction out by nitrogen-fixing microorganisms (Franche ef al.,

Soybean (Glycine max) is a crucial legume crop,
contributing 25% of global edible oil production and
supplying two-thirds of the world’s protein concentrate
for livestock feed (Agarwal et al., 2013). To support its
growth, nitrogen (N) plays an essential role as a
macronutrient. It is fixed biologically through the
reduction of nitrogen gas into ammonia, a process carried

2009). Soybeans form symbiotic relationships with
different  rhizobia  species from the genera
Bradyrhizobium,  Sinorhizobium  (Ensifer),  and
Mesorhizobium, which are capable of fixing nitrogen and
forming nodules on soybean roots (Albareda et al.,
2009).

In addition to nitrogen, phosphorus (P) is another key
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nutrient that plants require for various plant metabolic
functions, including photosynthesis, respiration, energy
transfer, signal transduction, and the biosynthesis of
macromolecules (Khan et al, 2009). Phosphorus
availability in the soil is often enhanced by phosphate-
solubilizing bacteria, which play an important role in
nutrient cycling and maintaining soil fertility (Smith et
al., 2023).

Alongside nitrogen and phosphorus, potassium (K) also
plays vital role for processes such as protein synthesis,
enzyme activation, and photosynthesis. A deficiency in
potassium can lead to yellowing of leaves and reduced
plant growth.

Microorganisms involved in the production of
biofertilizers, such as nitrogen-fixing and phosphate-
solubilizing bacteria, can significantly increase nutrient
availability to crops. This not only improve yields but
also reduces the need for chemical fertilizers, helping to
lower production costs (Afzal et al., 2010). By applying
biofertilizers that contain these beneficial
microorganisms, crop productivity can be enhanced
significantly.  Furthermore, utilizing organic and
biological fertilizers as part of a low-input farming
strategy can promote sustainability in agriculture (Itelima
etal, 2018).

The effectiveness of bioconsortia composed of various
beneficial organisms surpasses that of individual
microbial cultures. Consequently, this study was focused
on developing a bioconsortium that includes nitrogen-
fixing bacteria, phosphorus-solubilizing bacteria, and
potassium-mobilizing bacteria to promote sustainability
while improving soybean growth, nutrient uptake, and
yield. Soybean crop was selected for this research due to
its nutritional and economic significance, as well as its
role in enhancing sustainable agriculture through
nitrogen fixation. By utilizing a liquid bioconsortium to
enhance nutrient uptake, there is potential to increase
yields while minimizing environmental impact. Overall,
this study aims to contribute to the advancement of more
sustainable and ecofriendly farming practices.

Materials and Methods
Field experiment
A field experiment was conducted in the research farm of

the Department of Plant Pathology and Agricultural
Microbiology, Mahatma Phule Krishi Vidyapeeth,

Rahuri (M.S.), India, to study the impact of soybean
(Glycine max) growth through nitrogen fixing, phosphate
solubilizing, and potassium mobilizing liquid
bioconsortium.

Seed inoculation

Consortium of nitrogen fixing bacteria, PSB and KMB
bio-inoculant was applied to the seeds of soybean @ 25
mL/kg of seeds before sowing of the soybean seeds.
After 45 days drenching of consortium to soybean plot
@3lit/ha was done.

Experimental details

Field experiment was carried out with the following
details:

. Crop : Soybean

. Variety : JS-335

. Design : Randomized Block Design

. No of treatments : 7

. No. of replications : 3

. Spacing :30cmx 10 cm

. Fertilizer dose : 50:75:45 N, P,0s and K-O Kg ha! &
FYM @ 5 t ha™!

. Plot size : Gross:3.40 mx3.40 m Net: 3.00 m x 3.00 m

9. Season : kharif, 2022-2023, kharif, 2023-2024.

NN RN

o0

Treatment details

T: Bioconsortia (N fixer, P solubilizer, K mobilizer)
T,: 25%NPK+Bioconsortia

T;:  50%NPK+Bioconsortia

Ts:  75%NPK+Bioconsortia

Ts:  100%NPK+Bioconsortia

Ts: RDF (100% NPK)

T7:  AbsoluteControl

Observations

The plant growth parameters recorded during this study
included germination percentage, shoot length (cm), root
length (cm), plant vigor index (calculated as Germination
% x [shoot length (cm) + root length (cm)]) Abdul Baki
and Anderson (1973), number of branches per plant, and
number of nodules per plant. For the yield parameters,
the number of pods per plant, 100-seed weight (g), seed
yield (q ha™), and straw yield (q ha™) were recorded.
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Statistical analysis

The experimental data were analyzed statistically using
appropriate techniques. A randomized block design
(RBD) for field experiments were used. Critical
differences (C.D.) were calculated at a significance level
of P=0.05 for invivo experiments, following the method
outlined by Panse and Sukhatme (1985). C.D. at the 5%
level was determined when the results were found to be
significant.

Results and Discussion

The effect of seed treatment with a liquid bioconsortium,
which includes nitrogen-fixing, phosphate-solubilizing,
and potash-mobilizing bacteria, on soybean growth
parameters are presented in Table 1 and Table 2. The
data presents the effect of different treatments over two
years (2022-23, 2023-24). In treatment Ts, which
involved 100% NPK + bioconsortium, the highest
germination percentage was observed in both years, with
91.67% in 2022-23 and 92.63% in 2023-24. Similarly,
the maximum shoot length, root length, and plant vigor
index were recorded. In 2022-23, the shoot length was
22.23 cm, root length was 10.50 cm, and the plant vigor
index 3001. In 2023-24, the shoot length increased to
23.53 cm, root length to 12.07 cm, and the plant vigor
index to 3298.11.

The highest plant height was observed at both flowering
and harvesting stages; in 2022-23, the plant height was
45.40 cm at flowering and 54.40 cm at harvesting. The
highest number of branches per plant was observed, with
13.20 branches in 2022-23 and 14.47 branches in 2023-
24. The highest number of nodules per plant was also
recorded, with 42.87 nodules in 2022-23 and 44.47
nodules in 2023-24. This Ts treatment was statistically
superior to the other treatments and was on par with
treatment T4, which involved 75% NPK + bioconsortium.
The lowest growth results were shown by treatment T,
which was the absolute control. The current findings
align with previous research conducted by the scientist,
further reinforcing those earlier conclusions Tarafder et
al., (2016); Vivek et al., (2019); Victoria and Sarojini
(2021); Patel et al., (2022); Ghosh et al., (2023); Javed et
al., (2023); Thite et al, (2023) and Tejasree et al,
(2024).

The data interpreted in Table 3 presents the effect of the
liquid bioconsortium on yield parameters of soybean
(Glycine max) over two years (2022-23, 2023-24). The

results indicated that treatment Ts, which involved 100%
NPK combined with the bioconsortium, yielded the
highest number of pods per plant, with 78.40 pods in
2022-23 and 82.13 pods in 2023-24.

Additionally, treatment Ts achieved the highest 100-seed
weight across both years, recording 19.51 g in 2022-23
and 20.99 g in 2023-24. The maximum seed yield was
also observed in treatment Ts, with yields of 22.33 q ha™!
in 2022-23 and 23.91 q ha™ in 2023-24, resulting in an
average yield of 23.12 q ha™'. Furthermore, treatment Ts
produced the highest straw yield, achieving 30.78 q ha™
in 2022-23 and 31.98 q ha™ in 2023-24, leading to
average straw yield of 31.38 q ha™.

The combination of full NPK and the bioconsortium
significantly enhanced yield production. The T5
treatment, which combined 100% NPK with the liquid
bioconsortium, proved to be statistically superior to the
other treatments and was comparable to T4, which used
75% NPK and the bioconsortium. The lowest growth
performance was recorded in T7, the absolute control.
This underscores the significant impact of NPK and
bioconsortium combinations on soybean growth and
yield. Studies by Geeta et al., (2008); Bansal (2009);
Qureshi et al., (2011); Argaw (2012); Solomon et al.,
(2012); Tarafder et al., (2016); Navasare et al., (2019);
Sharma et al., (2019); Shete et al, (2021); Mekki and
Ahmed (2005); Jaybhay et al, (2017); Patel et al,
(2022); Vivek et al., (2019); Ghosh et al., (2023); and
Priyanka et al., (2024) support these findings,
highlighting the benefits of utilizing bioconsortia in
conjunction with NPK fertilizers for enhancing soybean
yield and straw production.

The research data interpreted here in concluded that, the
use of the liquid bioconsortium alongside 100% NPK
significantly boosted soybean growth, resulted in higher
germination rates, longer shoots and roots, increased
plant height, and more branches and nodules per plant as
compared to other treatments. These findings highlight
the potential of the bioconsortium to enhance soybean
growth, making it a valuable approach for improving
crop productivity. Moreover, the results show that
combining the bioconsortium with varying levels of NPK
greatly increases yield parameters like pod, seed, and
strawyield. The treatments with full NPK and
bioconsortium consistently produced the highest yields,
demonstrating the complementary effects of biofertilizers
and effective nutrient management for maximizing
soybean yield production.
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Table.1 Effect of liquid Bioconsortium on Growth Parameters of Soybean (Glycine max) Var. JS335 (Germination (%), shoot, root length (cm)
and Plant vigour index)

Sr. Treatments Germination (%) Shoot length(cm) Root length(cm) Root length(cm)
No. 2022-23 2023-24 M 2022-23  2023-24 2022-23  2023-24 Mean 2022-23  2023-24 Mean
Mean Mean
T:  Bioconsortia (N fixer, P 83.30 85.47 | 84.38 16.73 17.03 16.88 8.23 8.50 837 | 2078.66 @ 2182.35 @ 2130.50
solubilizer, K mobilizer)
T, 25%NPK+Bioconsortia 85.17 86.40  85.78 17.10 17.93 17.52 8.27 8.80 853 2161.43  2310.17  2235.80

Ts | 50%NPK+Bioconsortia 87.30 88.93 | 88.12 19.33 19.90 19.62 9.20 10.07 9.63 | 2490.69 @ 2663.59 @ 2577.14
Ts  75%NPK+Bioconsortia 90.47 91.87 91.17 21.77 23.13 2245 10.17 11.37 10.77  2834.57 3167.46  3001.01
Ts = 100%NPK+Bioconsortia 91.67 92.63 | 92.15 22.23 23.53 | 22.88 10.50 12.07 11.28 | 3001.00 = 3298.11 @ 3149.55

T¢ RDF (100% NPK ) 89.17 90.20 = 89.68 19.43 20.60  20.02 9.23 10.50 9.87 255490  2803.77  2679.34
T7;  Absolute Control 80.20 82.57 | 81.38 15.93 16.03 15.98 7.33 7.50 742 | 1865.73 = 1942.95 1904.34
S.Em.+ 1.10 1.03 0.75 0.69 0.60 0.46 0.28 0.23 0.18 55.71 61.16 41.37
C.D.at5% 3.38 3.19 2.20 2.13 1.85 1.34 0.87 0.70 0.53 171.66 188.46 120.74

Table.2 Effect of liquid Bioconsortium on Growth Parameters of Soybean (Glycine max) Var. JS335 (Plant height(cm), No. branches/plantand
No. of nodules/plant)

Sr. Treatments Plant Height (cm)at Plant Height (cm)at No. branches/plant No. of nodules/plant
No. Flowering (45 DAS) Harvesting (90 DAS)
2022- 2023-24 M 2022-23  2023-24 M 2022-23  2023-24 M 2022-23  2023-24 M
23 Mean Mean Mean Mean
Ti;  Bioconsortia (N fixer, P = 35.80 36.07 35.93 43.87 47.07 45.47 9.27 9.33 9.30 31.80 31.93 31.87
solubilizer, K mobilizer)
T,  25%NPK+Bioconsortia ~ 36.93 37.40 37.17 44.07 47.13 45.60 9.87 10.20 10.03 32.93 33.27 33.10
Ts = 50%NPK+Bioconsortia =~ 40.40 41.13 40.77 48.87 51.93 50.40 11.27 11.93 11.60 36.33 37.40 36.87
T4  75%NPK+Bioconsortia ~ 44.33 47.00 45.67 54.00 59.53 56.77 12.87 14.07 13.47 41.93 44.27 43.10
Ts = 100%NPK+Bioconsortia =~ 45.40 48.27 46.83 54.40 60.13 57.27 13.20 14.47 13.83 42.87 44.47 43.67
T RDF (100% NPK ) 40.53 42.33 41.43 49.20 52.07 50.63 11.40 12.60 12.00 36.73 38.67 37.70
T, Absolute Control 30.80 31.53 31.17 39.13 40.20 39.67 8.07 8.13 8.10 25.20 27.80 26.50
S.Em.+ 1.69 1.26 1.06 1.51 1.48 1.06 0.41 0.41 0.30 1.23 1.22 0.87
C.D.at5% 5.20 3.90 3.08 4.66 4.58 3.10 1.29 1.28 0.86 3.79 3.78 2.54
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Table.3 Effect of liquid Bioconsortium on Yield Parameters of Soybean (Glycine max) Var. JS335 (No. of pods/plant, 100 seed weight (g), Seed
yield(q ha') and Straw yield(q ha™)

Sr.
No.

T

T,
Ts
T4

Ts
T;

Treatments

Bioconsortia (N fixer, P
solubilizer, K mobilizer)
25%NPK+Bioconsortia
50%NPK-+Bioconsortia
75%NPK+Bioconsortia
100%NPK+Bioconsortia
RDF (100% NPK )
AbsoluteControl
S.Em.+
C.D.at5%

No. of pods/plant

2022-
23
60.07

61.80
67.20
75.73
78.40
70.27
53.80
1.75
5.39

2023-
24
62.20

63.47
70.23
80.00
82.13
74.07
54.78
1.74
5.35

M
Mean
61.13

62.63
68.72
77.87
80.27
72.17
54.29
1.23
3.59

100 seed weight (g)

2022- | 2023-24 M

23 Mean
16.18 16.49 16.34
16.50 17.37 16.94
17.27 18.65 17.96
18.24 20.36 19.30
19.51 20.99 20.25
17.81 19.01 18.41
15.08 15.22 15.15
0.55 0.57 0.40
1.70 1.77 1.16
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Seed yield(q ha™)
2022-23  2023-24
16.56 16.73
16.68 18.40
18.90 20.74
21.56 23.16
22.33 2391
19.31 20.81
15.31 14.91
0.70 0.76
2.16 2.33

M
Mean
16.65

17.54
19.82
22.36
23.12
20.06
15.11
0.52
1.51

Straw yield(q ha™)
2022-23 2023- M

24 Mean
21.34 21.57 21.45
22.04 24.03 23.04
25.55 26.73 26.14
28.90 30.62 29.76
30.78 31.98 31.38
25.97 27.40 26.69
18.80 18.13 18.46
0.73 0.80 0.54
2.24 2.47 1.58
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Figure.1 Experiment details

Experimental plot (2023-24)
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