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Abstract: This study evaluates the effects of biofertilizer application on soil health, plant growth, crop
yield, and microbial community dynamics in agricultural settings. The data reveal significant improvements
in soil nitrogen content following biofertilizer treatment, with a 15% increase compared to the control,
indicating enhanced soil fertility. Biofertilizer-treated crops showed notable improvements in yield, with
rice increasing by 25%, wheat by 18%, and legumes by 15%. The plant growth parameters were positively
affected, as evidenced by a 20% increase in biomass, a 28% increase in leaf area index (LAI), and a 13%
increase in height in rice, compared to the control. Wheat and legumes also exhibited enhanced biomass,
LAI, and plant height, with increases of 18%, 20%, and 14% for wheat, and 10%, 20%, and 9% for
legumes, respectively. It suggest that biofertilizer application leads to improved plant growth and overall
crop productivity. Analysis of bacterial viability under different storage conditions revealed that biofertilizer
strains stored at room temperature experienced a 95% decrease in bacterial count after six months, while
those stored at 4°C maintained their original count, suggesting that low-temperature storage better preserves
bacterial viability. Nitrogenase activity, measured by ethylene production, was higher in biofertilizer-treated
strains compared to the control. Azotobacter chroococcum and Rhizobium leguminosarum in biofertilizers
produced 1.2 and 0.9 pumol/g/h of ethylene, that compared to 0.6 and 0.4 pmol/g/h in the control, reflecting
enhanced nitrogen fixing activity. Microbial community analysis indicated that biofertilizer treatment
increased microbial diversity, with a diversity index of 1.8 and 38% relative abundance of nitrogen-fixing
bacteria, compared to 1.3 and 25% in the control soils. It highlight that biofertilizers not only enhance soil
fertility and plant productivity but also promote a more diverse and active microbial ecosystem, offering
sustainable solutions for improving agricultural performance.

Keywords: Azotobacter chroococcum, Rhizobium leguminosarum, Biofertilizer, nitrogen fixation, bacterial
viability, microbial diversity.

[JNTI2412013 \

International Journal of Novel Trends and Innovation (www.ijnti.org)



http://www.ijnti.org/

© 2024 IJNTI | Volume 2, Issue 12 December 2024 | ISSN: 2984-908X | INTL.ORG
I. INTRODUCTION
The growing concern about environmental sustainability and the need for increased agricultural productivity

has led to a significant shift toward sustainable farming practices. One of the most pressing issues in modern
agriculture is the over use of chemical fertilizers, which has been associated with soil degradation, water
pollution, and greenhouse gas emissions (Sanginga & Woomer, 2009). These fertilizers, although effective
in increasing crop yields, contribute to the contamination of water bodies and the depletion of soil fertility
over time (Glick, 2012). In light of these challenges, the use of microbial biofertilizers, particularly those
based on nitrogen-fixing bacteria, offers a promising alternative to chemical fertilizers.

Nitrogen is an essential nutrient for plant growth, as it is a fundamental component of amino acids, proteins,
and chlorophyll (Vessey, 2003). However, nitrogen is often a limiting factor in agricultural soils, as plants
can only utilize nitrogen in forms such as ammonium (NHa") or nitrate (NOs~) (Bashan & Holguin, 1997).
Despite the abundance of nitrogen in the atmosphere, plants are unable to access atmospheric nitrogen
directly. Nitrogen-fixing bacteria play a crucial role in overcoming this limitation by converting atmospheric
nitrogen (N:) into a form that plants can assimilate (Bhattacharyya & Jha, 2012). This process, known as
biological nitrogen fixation (BNF), is mediated by bacteria that possess the nitrogenase enzyme, which
catalyzes the conversion of nitrogen gas into ammonia (Glick, 2012).

Microbial biofertilizers are formulations that contain live microorganisms capable of promoting plant
growth by enhancing nutrient availability, suppressing plant pathogens, or improving soil health (Vessey,
2003). Nitrogen-fixing bacteria, such as Rhizobium, Azotobacter, Azospirillum, and Bradyrhizobium, are
key components of these biofertilizers due to their ability to fix atmospheric nitrogen and provide it to plants
in a bioavailable form (Sreeja & Anandaraj, 2014). These bacteria form either symbiotic or associative
relationships with plants, wherein they fix nitrogen in exchange for carbon and other nutrients supplied by
the plants (Hartmann & Schmid, 2004). In the case of Rhizobium and legumes, a symbiotic relationship is
formed where the bacteria reside in specialized root nodules, while in other bacteria like Azotobacter and
Azospirillum, the relationship is associative, where the bacteria remain free-living in the soil (Bashan &
Holguin, 1997).

The potential of nitrogen-fixing bacteria as biofertilizers is substantial. Studies have shown that the use of
these bacteria can enhance soil fertility, improve plant growth, and reduce the dependency on chemical
fertilizers (Regassa & Lindstrom, 2014). These bacteria help improve soil structure, promote the growth of
other beneficial microorganisms, and even enhance the plant's resistance to abiotic stresses such as drought
and salinity (Vessey, 2003). The development of microbial biofertilizers using nitrogen fixing bacteria is not
only beneficial for increasing crop productivity but also aligns with the principles of sustainable agriculture
by minimizing the environmental impact of farming practices (Bashan & Holguin, 1997; Hartmann &
Schmid, 2004).

The several nitrogen-fixing bacterial species have been identified for their biofertilizer potential, with
Azotobacter chroococcum and Rhizobium leguminosarum among the most widely studied due to their high
nitrogen-fixing efficiency (Glick, 2012). These bacteria have shown significant improvements in the yield
of a variety of crops, including legumes, cereals, and vegetables (Bhattacharyya & Jha, 2012). The
formulation of these bacteria into biofertilizers involves the selection of suitable carrier materials, such as
peat moss, lignite, or vermiculite, to ensure their survival and effectiveness under field conditions (Sreeja &
Anandaraj, 2014).

Along with their direct role in nitrogen fixation, that nitrogen fixing bacteria contribute to enhancing the
overall soil health. By promoting the growth of beneficial soil microorganisms and improving organic
matter decomposition, these bacteria help in maintaining a balanced soil ecosystem (Vessey, 2003). The
application of nitrogen-fixing bacteria as biofertilizers reduces the need for synthetic fertilizers, thereby
decreasing the environmental pollution caused by the overuse of chemical inputs (Regassa & Lindstrom,
2014).

Their promising benefits, the widespread adoption of microbial biofertilizers faces several challenges,
including issues related to their formulation, storage, and field application. The effectiveness of
biofertilizers depends on the compatibility of the bacterial strains with the local soil environment, and their
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ability to persist in the soil and effectively colonize plant roots (Glick, 2012). Factors such as environmental

stress, temperature, and soil pH can influence the activity and survival of these bacteria in the field (Bashan
& Holguin, 1997). Therefore, continued research is essential to optimize the formulations, improve their
shelf-life, and enhance their efficacy under varying field conditions. In the development of microbial
biofertilizers using nitrogen-fixing bacteria offers a sustainable solution to improve soil fertility and enhance
agricultural productivity. This approach not only reduces the environmental impact of chemical fertilizers
but also contributes to sustainable farming practices that can benefit farmers and the global ecosystem. As
research continues to advance, the potential for nitrogen-fixing bacteria as biofertilizers will likely play a
critical role in the future of agriculture.

Il. MATERIALS AND METHODS

Soil Sample Collection

Soil samples were collected from various agricultural fields to obtain a diverse set of nitrogen-fixing
bacteria. Fields representing a range of crop types such as rice, wheat, and legumes were targeted to ensure
variability in microbial communities. Soil sampling was carried out in sterile conditions using a soil auger to
collect samples from the upper 0-15 cm depth, which is typically the most active layer for microbial activity
(Vessey, 2003). After collection, the samples were immediately placed in sterile polyethylene bags and
transported to the laboratory. Key soil parameters including pH, texture, moisture content, and organic
matter were determined to provide baseline data for further analysis (Glick, 2012).

Isolation of Nitrogen-Fixing Bacteria

Bacterial isolates were obtained through the serial dilution method. Each soil sample was mixed with sterile
saline (0.85% NaCl) to prepare a suspension. A series of dilutions was performed, and 100 pL of each
dilution was spread onto selective nitrogen-free media. Semi-solid media, such as Jensen’s agar for
Azotobacter spp. and Yeast Extract Mannitol Agar (YEMA) for Rhizobium spp., were used for isolating
nitrogen-fixing bacteria (Bashan & Holguin, 1997; Glick, 2012). The inoculated plates were incubated at
28°C for 48-72 hours, after which distinct bacterial colonies exhibiting unique morphological characteristics
were selected for purification and further study. Several bacterial isolates were subcultured onto fresh agar
plates to obtain pure cultures.

Molecular Identification of Bacterial Isolates

To confirm the identities of the nitrogen-fixing bacteria, molecular techniques were employed. Genomic
DNA was extracted from the bacterial isolates using the standard phenol-chloroform method (Sreeja &
Anandaraj, 2014). The 16S rRNA gene was amplified using the universal primers 27F and 1492R, which
target conserved regions of the bacterial 16S rRNA gene (Hartmann & Schmid, 2004). The polymerase
chain reaction (PCR) amplification was conducted under standard conditions, including an initial
denaturation at 95°C for 5 minutes, followed by 30 cycles of denaturation at 95°C for 30 seconds, annealing
at 55°C for 30 seconds, and extension at 72°C for 1 minute, with a final extension step at 72°C for 10
minutes. The amplified products were sequenced by Sanger sequencing, and the resulting sequences were
compared to known sequences in the GenBank database using BLAST to identify the bacterial species
(Bhattacharyya & Jha, 2012).

Screening for Nitrogen Fixation Potential

The nitrogen fixation potential of the bacterial isolates was evaluated using the acetylene reduction assay
(ARA), a standard method for assessing nitrogenase activity (Glick, 2012). Bacterial strains were grown in
nitrogen-free medium, including Ashby’s medium for Azotobacter and Yeast Extract Mannitol medium for
Rhizobium at 28°C. After 72 hours of incubation, acetylene gas was introduced into the culture flasks to a
final concentration of 10%. The flasks were incubated for 24 hours, and the ethylene produced by the
bacterial cultures was quantified using gas chromatography (Sreeja & Anandaraj, 2014). The amount of
ethylene produced was used to calculate the nitrogenase activity, which served as an indicator of the
nitrogen fixation ability of the isolates.
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Biofertilizer Formulation
The selected nitrogen-fixing strains, including Azotobacter chroococcum and Rhizobium leguminosarum,
were used to prepare biofertilizer formulations. These strains were cultured in nutrient-rich media, such as
Yeast Extract Glucose Broth (YEG) for Azotobacter and Yeast Extract Mannitol medium for Rhizobium
(Bashan & Holguin, 1997). The cultures were incubated at 28°C with constant shaking to promote bacterial
growth. After 48 hours of incubation, bacterial cells were harvested by centrifugation at 10,000 rpm for 10
minutes and resuspended in sterile distilled water. To ensure the long-term stability of the bacterial strains,
the bacterial suspensions were mixed with appropriate carrier materials, such as peat moss, vermiculite, or
lignite, at a concentration of 1 x 10® CFU (colony-forming units) per gram of carrier (Glick, 2012). The
formulations were stored at 4°C in sterile containers to preserve the bacterial viability for future use in field
trials (Hartmann & Schmid, 2004).

Stability Testing of Biofertilizer Formulations

The stability of the biofertilizer formulations was evaluated over a period of 6 months. The formulations
were stored at room temperature and refrigerated conditions to assess their shelf life. The bacterial viability
was monitored by periodically plating the formulations on selective agar media and counting the number of
viable CFUs. The formulations that maintained the highest bacterial counts over time were considered the
most stable and were selected for field trials (Vessey, 2003).

Field Trials

Field trials were carried out at different agricultural sites to evaluate the effectiveness of the biofertilizer
formulations in promoting plant growth and improving soil nitrogen content. The field trials were conducted
in three different crop systems: rice, wheat, and legumes. Biofertilizers were applied at a rate of 10 kg per
hectare, while the control plots received no biofertilizer or conventional chemical fertilizers. The experiment
was laid out in a randomized block design with three replicates per treatment. Crop growth parameters, such
as plant height, leaf area index (LAI), and biomass, were measured at 30, 60, and 90 days after planting
(Vessey, 2003).

Soil and Plant Analysis

Soil samples were collected before and after the application of biofertilizers to monitor changes in nitrogen
content and microbial populations. The nitrogen content in the soil was determined using the Kjeldahl
method, and soil microbial diversity was assessed using culture-based techniques (Sreeja & Anandaraj,
2014). Plant tissue samples were also collected at the time of harvest, and nitrogen content was determined
to evaluate the impact of biofertilizer application on plant nitrogen uptake (Regassa & Lindstrom, 2014). At
harvest, crop yield was recorded, and statistical analysis was performed to determine the significance of the
biofertilizer treatments on yield and plant growth parameters.

Statistical Analysis

The data from the field trials were analyzed using analysis of variance (ANOVA\) to assess the effects of the
biofertilizer treatments on plant growth and crop yield. Tukey’s post-hoc test was used to identify
significant differences between treatments (Glick, 2012). Statistical analysis was performed using SPSS
version 23.0 (IBM Corp, USA). A significance level of p < 0.05 was considered statistically significant for
all analyses.

Evaluation of Nitrogen Fixation and Plant Growth Parameters

After field application of the biofertilizers, various plant growth parameters were evaluated to assess the
efficacy of nitrogen fixation. Plant height, leaf number, and chlorophyll content were recorded at regular
intervals (30, 60, and 90 days after planting) for each crop type. Chlorophyll content was measured using a
SPAD (Soil Plant Analysis Development) meter, a non-destructive method to monitor plant health (Yamada
et al., 2007). Additionally, the leaf area index (LAI) was measured to assess plant growth vigor. Biomass
production was evaluated by harvesting plant shoots and roots, drying them at 60°C for 48 hours, and then
weighing the dry biomass. The nitrogen content in plant tissues was analyzed by the Kjeldahl method
(Sreeja & Anandaraj, 2014).
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Impact on Soil Microbial Communities

To assess the long-term effects of biofertilizer application on soil health, soil microbial diversity and
nitrogen content were monitored. Soil samples were collected before and after biofertilizer application, and
microbial populations were determined by plate counts on nutrient agar, as well as using molecular
techniques such as DGGE (Denaturing Gradient Gel Electrophoresis) to profile the bacterial communities
(Hartmann & Schmid, 2004). Nitrogen content in the soil was measured using the Kjeldahl method, which
provides a reliable quantification of both ammoniacal and organic nitrogen in the soil (Regassa &
Lindstrom, 2014).

Effect of Biofertilizer Application on Soil Nitrogen Cycle

Soil nitrogen cycling was studied by measuring nitrogen mineralization rates. For this, soil samples were
incubated at 28°C for 30 days in microcosms, and the amount of mineralized nitrogen (NO3— and NH4+)
was assessed at regular intervals using ion-selective electrodes and colorimetric assays (Yadav et al., 2017).
The impact of biofertilizers on denitrification was investigated by monitoring the production of N20O
(nitrous oxide) using gas chromatography after incubating the soil samples under anaerobic conditions
(Glick, 2012). These measures provided insights into the microbial processes involved in nitrogen cycling
and the overall impact of biofertilizer application on soil nitrogen availability.

Field Trial Evaluation of Biofertilizer Effectiveness on Crop Yield

In the final stage of the trial, the effectiveness of the biofertilizer formulations in enhancing crop yield was
evaluated. Yield parameters, such as total biomass, grain yield, and harvest index (the ratio of grain yield to
total biomass), were recorded at harvest. For each crop, three sampling points were established in each
treatment plot, and the average yield was calculated. Statistical analysis was performed using ANOVA to
compare the yield data between different treatments, including biofertilizer-treated plots, chemical fertilizer-
treated plots, and untreated control plots (Glick, 2012). Tukey’s test was applied for post-hoc comparisons
to determine significant differences between treatments. The success of the biofertilizers was determined by
comparing the yield of biofertilizer-treated crops with the yields obtained from conventional chemical
fertilization methods.

Soil Health Assessment Post-Application

After the final harvest, soil samples were again collected to assess the long-term impact of the biofertilizer
treatments on soil health. Key parameters, including pH, organic carbon content, and nitrogen levels, were
measured. Additionally, the soil’s microbial biomass was quantified by measuring the soil microbial carbon
content using the chloroform fumigation-extraction method (Vessey, 2003). The effectiveness of the
biofertilizers in enhancing soil microbial activity and promoting sustainable soil fertility was assessed by
comparing these post-harvest soil health parameters with baseline data collected before treatment
application.

Long-Term Effects and Sustainability of Biofertilizers

To evaluate the long-term sustainability of the biofertilizer treatments, a follow-up trial was conducted over
two cropping seasons. The residual effects of the biofertilizer on subsequent crops were studied by
measuring soil nitrogen levels, microbial populations, and plant growth parameters during the second
cropping season. This trial helped determine whether the application of microbial biofertilizers could
provide sustained benefits over time without the need for additional chemical fertilizers, thus contributing to
sustainable agricultural practices (Bashan & Holguin, 1997).

Statistical Analysis of Results

Data collected from the field trials were subjected to statistical analysis using SPSS software (IBM, USA).
Analysis of variance (ANOVA) was used to determine the significance of the results, with a significance
level set at p < 0.05. Tukey’s post-hoc test was applied to identify which treatments differed significantly in
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terms of plant growth parameters, nitrogen content, microbial populations, and crop yield. All results were

expressed as means + standard deviation.

I11. RESULT AND DISCUSSION

Soil Nitrogen Content

Soil nitrogen content was measured before and after the application of biofertilizers to determine the impact
of the treatments. The results indicated a significant increase in nitrogen content in the biofertilizer-treated
soils compared to control soils. Specifically, the biofertilizer-treated soils exhibited a 15% increase in
nitrogen levels, from 0.25 mg/g to 0.29 mg/g, while the control soils showed a relatively modest 12%
increase, from 0.25 mg/g to 0.28 mg/g. This suggested that the application of biofertilizers contributed to a
higher availability of nitrogen in the soil, which could enhance nutrient availability for plants.

Table 1: Soil Nitrogen Content Before and After Biofertilizer Application

Treatment | Before Treatment | After Treatment | % Increase in
(mg/g) (mg/g) Nitrogen

Control 0.25 0.28 12%

Biofertilizer 0.25 0.29 15%

Table 1 shows the soil nitrogen content before and after the application of biofertilizers. In the control
treatment, the nitrogen content increased from 0.25 mg/g to 0.28 mg/g, reflecting a 12% increase. On the
other hand, the biofertilizer treatment resulted in a higher increase in nitrogen, with the content rising from
0.25 mg/g to 0.29 mg/g, showing a 15% increase.

Soil Nitrogen Content Before and
After Biofertilizer Application

H Control W Biofertilizer

028 029

0.25 0.25
15%
] l

Before Treatment (mg/'g)  After Treatment (mg/'g) %o Increase m Nitrogen

Figure 1. Soil Nitrogen Content Before and After Biofertilizer Application

The data revealed a 15% increase in nitrogen content in the soil treated with biofertilizers, compared to a
12% increase in the control plots. This increase can be attributed to the presence of nitrogen-fixing bacteria,
such as Azotobacter and Rhizobium, in the biofertilizer. These bacteria convert atmospheric nitrogen into
forms that are available to plants, enriching the soil with this essential nutrient (Bashan et al., 2014). The
slightly higher increase in nitrogen content in the biofertilizer-treated soil further supports the idea that
biofertilizers can improve soil fertility by promoting biological nitrogen fixation. These findings reinforce
the importance of biofertilizers in enhancing soil health and supporting sustainable agricultural practices,
reducing the reliance on chemical fertilizers, which can have negative environmental impacts.

Soil Microbial Diversity

The analysis of soil microbial diversity revealed significant differences between the biofertilizer-treated and
control soils. Using culture-based techniques, it was observed that the biofertilizer-treated soils harbored a
higher population of nitrogen-fixing bacteria, such as Azotobacter and Rhizobium, compared to the control
soils. The microbial count in biofertilizer-treated soils was approximately 2.4 x 10° CFU/g, which was
nearly double that of the control soils (1.2 x 10® CFU/g). Furthermore, the counts of Azotobacter and
Rhizobium were also notably higher in the biofertilizer-treated soils, with populations of 5.4 x 10° CFU/g
and 4.7 x 10° CFU/g, respectively, compared to 3.0 x 10° CFU/g and 2.5 x 10° CFU/g in the control soils.
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Table 2: Microbial Populations in Biofertilizer-Treated and Control Soils

Treatment Microbial Count Azotobacter Rhizobium
(CFU/g) Count (CFU/g) | Count (CFU/g)
Control 1.2 x 108 3.0x10° 2.5 x10°
Biofertilizer 2.4 x 10° 54 x10° 4.7 x10°

The data presented in Table 2 reflects the microbial populations in biofertilizer-treated and control soils,
providing insights into the microbial activity and abundance in both treatments. In control soils, the total
microbial count was 1.2 x 10 CFU/g, with specific counts for Azotobacter and Rhizobium at 3.0 x 10°
CFU/g and 2.5 x 10° CFU/qg, respectively. In contrast, biofertilizer-treated soils exhibited a higher total
microbial count of 2.4 x 10¢® CFU/g, with increased populations of Azotobacter and Rhizobium at 5.4 x 10°
CFU/g and 4.7 x 10° CFU/g, respectively. This substantial increase in microbial populations, particularly in
nitrogen-fixing bacteria such as Azotobacter and Rhizobium, indicates the efficacy of biofertilizers in
promoting microbial activity in the soil.

Plant Growth Parameters

The effect of biofertilizer application on plant growth was assessed by measuring various growth
parameters, including plant height, leaf area index (LAI), and biomass production. Results from the field
trials showed that the application of biofertilizers significantly enhanced plant growth. For rice, the biomass
increased by 20%, from 250 g per plant in control plots to 300 g per plant in biofertilizer-treated plots.
Similarly, wheat plants treated with biofertilizers exhibited an 18% increase in biomass, from 200 g to 236 g
per plant, while leguminous plants showed a more moderate 10% increase in biomass. These improvements
were also reflected in the leaf area index (LAI) and plant height, with biofertilizer-treated plants consistently
outperforming the control plants.

Table 3: Plant Growth Parameters in Biofertilizer-Treated and Control Plots

Crop Type Control Biofertilizer
PP Parameter (Mean £ SD) | (Mean £ SD) % Increase

Rice Biomass (g/plant) 250 £ 20 300 £ 22 20%
LAI 3.2105 41+0.6 28%
Height (cm) 75+8 85+9 13%

Wheat Biomass (g/plant) 200 £ 15 236 + 18 18%
LAI 25104 3.0£05 20%
Height (cm) 707 806 14%

Legumes Biomass (g/plant) 150 + 12 165 + 14 10%
LAI 20+0.3 24104 20%
Height (cm) 55+6 60+ 7 9%

Table 3 presents the plant growth parameters for rice, wheat, and legumes in both biofertilizer-treated and
control plots. In rice, the biomass increased by 20%, from 250 g/plant in the control to 300 g/plant in the
biofertilizer-treated plots. The leaf area index (LAI) showed a 28% increase, with biofertilizer-treated plants
having an LAI of 4.1 compared to 3.2 in the control. The height of rice plants increased by 13%, from 75
cm to 85 cm. Wheat plants in biofertilizer-treated plots exhibited an 18% increase in biomass, a 20%
increase in LAI, and a 14% increase in height compared to the control. For legumes, the biomass saw a 10%
increase, while the LAI and height both increased by 20% and 9%, respectively.

The plant growth parameters, including biomass, leaf area index (LAI), and plant height, were all
significantly improved in biofertilizer-treated plots compared to control plots. In rice, biomass increased by
20%, LAI by 28%, and height by 13%. Wheat showed a biomass increase of 18%, an LAI increase of 20%,
and a height increase of 14%. Legumes exhibited a 10% increase in biomass, a 20% increase in LAI, and a
9% increase in height. These results indicate that biofertilizers can enhance plant growth by promoting
nutrient uptake, improving root development, and increasing photosynthetic efficiency (Prasad et al., 2021).
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The significant improvement in LAI is especially noteworthy, as it directly affects the plant's ability to

capture sunlight and, therefore, its photosynthetic capacity. These findings support the conclusion that
biofertilizers can optimize plant growth and yield potential by enhancing the availability of essential
nutrients and improving soil structure.

Acetylene Reduction Assay (ARA) Results

The nitrogen fixation activity of the bacterial isolates was evaluated using the acetylene reduction assay
(ARA). The results demonstrated a significant difference in nitrogenase activity between the biofertilizer
strains and control strains. The nitrogenase activity in biofertilizer-treated strains, including Azotobacter
chroococcum and Rhizobium leguminosarum, was substantially higher than the control strains. For
Azotobacter, the ethylene production was 1.2 umol/g/h in biofertilizer-treated samples, compared to 0.6
pmol/g/h in control samples. Similarly, Rhizobium strains in biofertilizer-treated cultures produced 0.9
pmol/g/h of ethylene, compared to 0.4 umol/g/h in the control.

Table 4: Nitrogenase Activity of Biofertilizer Strains

Bacterial Strain Ethylene Production
Treatment Type
(umol/g/h)
Azotobacter chroococcum 1.2 Biofertilizer
Azotobacter chroococcum 0.6 Control
Rhizobium leguminosarum 0.9 Biofertilizer
Rhizobium leguminosarum 0.4 Control

Table 4 presents the nitrogenase activity of different biofertilizer strains. The data shows the ethylene
production rate as a measure of nitrogenase activity in both biofertilizer-treated and control treatments. For
Azotobacter chroococcum, the biofertilizer-treated strain produced 1.2 pmol/g/h of ethylene, which was
significantly higher than the control strain, which produced only 0.6 pmol/g/h. Similarly, Rhizobium
leguminosarum in the biofertilizer treatment showed a higher ethylene production of 0.9 pmol/g/h,
compared to 0.4 pumol/g/h in the control.

The biofertilizer strains, Azotobacter chroococcum and Rhizobium leguminosarum, showed significantly
higher nitrogenase activity in the biofertilizer-treated plots than in the control. Azotobacter chroococcum
produced 1.2 pumol/g/h of ethylene in the biofertilizer treatment compared to 0.6 pmol/g/h in the control.
Similarly, Rhizobium leguminosarum showed 0.9 umol/g/h of ethylene production in biofertilizer-treated
soil, compared to 0.4 umol/g/h in the control. This enhanced nitrogenase activity in the biofertilizer-treated
plots supports the role of these bacteria in biological nitrogen fixation, contributing to an increase in soil
nitrogen levels and improving overall soil fertility (Madhaiyan et al., 2015). These findings are in line with
previous studies that demonstrated how biofertilizer strains can significantly boost nitrogen fixation,
promoting plant growth and reducing the need for synthetic fertilizers. The elevated nitrogenase activity
also suggests that biofertilizer strains are actively contributing to soil health and crop productivity.

Impact on Soil Microbial Communities

The application of biofertilizers had a significant impact on soil microbial communities. Soil microbial
populations, particularly those involved in nitrogen fixation, were much higher in biofertilizer-treated soils
than in control soils. DNA-based techniques such as DGGE (Denaturing Gradient Gel Electrophoresis)
revealed a more diverse microbial community in biofertilizer-treated soils, suggesting that biofertilizers not
only increased nitrogen-fixing bacteria but also supported a more diverse and robust soil microbial
ecosystem (Table 5).
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Table 5: Microbial Community Diversity in Biofertilizer-Treated and Control Soils

Treatment Total Microbial Nitrogen-Fixing Bacteria
Diversity (Index) (Relative Abundance %)
Control 1.3 25%
Biofertilizer 1.8 38%

Table 5 illustrates the microbial community diversity in biofertilizer-treated and control soils. The total
microbial diversity index for the biofertilizer-treated soil was 1.8, which is higher than the control soil's
diversity index of 1.3. This indicates a greater variety and richness of microorganisms in the biofertilizer-
treated soil. Additionally, the relative abundance of nitrogen-fixing bacteria was higher in the biofertilizer-
treated soil, at 38%, compared to 25% in the control soil.

Microbial Community Diversity in
Biofertilizer

= Control W Biofertilizer

Total Microbial Diversity (Index) Nitrogen-Fixing Bacteria (Relative
Abundance %o)

Figure 2. Microbial Community Diversity in Biofertilizer

The microbial community in biofertilizer-treated soils exhibited a greater diversity compared to the control
soils, as evidenced by the microbial diversity index of 1.8 in biofertilizer-treated soils versus 1.3 in control
soils. Furthermore, the relative abundance of nitrogen-fixing bacteria was higher in the biofertilizer-treated
soils (38%) compared to the control (25%). These results indicate that biofertilizers not only enhance the
abundance of beneficial microorganisms, particularly nitrogen-fixing bacteria, but also promote a more
diverse microbial community (Raaijmakers et al., 2012). Increased microbial diversity is beneficial for soil
health, as it can lead to improved nutrient cycling, disease suppression, and overall soil resilience. The
enhanced presence of nitrogen-fixing bacteria in biofertilizer-treated soils further supports the notion that
biofertilizers play a crucial role in maintaining sustainable agricultural ecosystems by improving soil
fertility and microbial diversity.

Biofertilizer Stability

The stability of the biofertilizer formulations was evaluated over six months under different storage
conditions. The formulations stored at 4°C showed higher bacterial viability compared to those stored at
room temperature. The bacterial counts in the formulations stored at 4°C remained stable at around 1 x 10®
CFU/g, while those stored at room temperature showed a decline to approximately 5 x 10° CFU/g by the
sixth month. This indicated that refrigeration significantly improved the shelf-life and stability of the
biofertilizer formulations.
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Table 6: Bacterial Viability in Biofertilizer Formulations Stored at Different Temperatures

Storage Condition Bacterial Count Time Period % Decrease in
(CFU/g) Bacterial Count

Room Temperature 1 x108 0 months 0%

Room Temperature 5% 106 6 months 95%

4°C 1 x108 0 months 0%

4°C 1 x108 6 months 0%

Table 6 presents the bacterial viability in biofertilizer formulations stored under different temperature
conditions over a period of time. At room temperature, the bacterial count was initially 1 x 108 CFU/g, with
no decrease in bacterial count at 0 months. After 6 months, the bacterial count significantly dropped to 5 x
10¢ CFU/g, indicating a 95% decrease. In contrast, when stored at 4°C, the bacterial count remained stable
at 1 x 10® CFU/g both at 0 months and 6 months, showing no decrease in bacterial viability

The bacterial viability data demonstrated that biofertilizers stored at room temperature experienced a
dramatic 95% decrease in bacterial count after six months. In contrast, those stored at 4°C maintained their
bacterial count over the same period. These results are consistent with (Sahu et al. 2019), who emphasized
the importance of temperature in preserving microbial viability in biofertilizer formulations. The decline in
bacterial count at room temperature could have been due to the unfavorable conditions for bacterial survival,
leading to the deterioration of the biofertilizer’s effectiveness. The stable bacterial viability at 4°C indicates
that cold storage is crucial for maintaining the efficacy of biofertilizers over extended periods. Therefore,
optimizing storage conditions is essential for ensuring the longevity and effectiveness of biofertilizer
products.

Impact on Crop Yield

The final evaluation of biofertilizer efficacy on crop yield indicated a substantial increase in yield for
biofertilizer-treated plots compared to the control. For rice, biofertilizer-treated plots yielded 25% more
biomass and 22% more grain yield than the control plots. Wheat and legumes also showed notable
improvements, with an 18% increase in wheat grain yield and a 15% increase in legume biomass.

Table 7: Crop Yield in Biofertilizer-Treated and Control Plots

Crop Type | Control Yield | Biofertilizer | % Increase
(g/plant) Yield (g/plant) in Yield

Rice 150 + 18 187 £ 22 25%
Wheat 140 £ 15 165+ 17 18%
Legumes 120+ 14 138 £ 15 15%

The Table 7 shows the impact of biofertilizer application on crop yield compared to control plots. For rice,
the biofertilizer-treated plots demonstrated a yield of 187 + 22 g/plant, which is a 25% increase over the
control yield of 150 + 18 g/plant. Similarly, wheat crops treated with biofertilizers yielded 165 £ 17 g/plant,
reflecting an 18% increase compared to the control yield of 140 + 15 g/plant. In the case of legumes, the
application of biofertilizers resulted in a yield of 138 £ 15 g/plant, which is a 15% increase over the control
yield of 120 + 14 g/plant.

The results showed that biofertilizer application led to a significant increase in crop yields compared to the
control plots. Rice yield increased by 25%, wheat by 18%, and legumes by 15%. These findings align with
numerous studies suggesting that biofertilizers can enhance soil nutrient availability and promote plant
growth. The significant increase in rice yield can be attributed to improved nitrogen availability, as
biofertilizers often contain nitrogen-fixing bacteria that contribute to the nitrogen cycle, enriching the soil
(Kumar et al., 2020). In wheat and legumes, the increased crop yield could be due to the enhanced microbial
activity and better nutrient uptake facilitated by biofertilizers. This is consistent with the work of (Sharma et
al. 2018), who found that biofertilizers could reduce the need for chemical fertilizers while improving crop
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productivity. The overall enhancement in yield across various crops highlights the effectiveness of

biofertilizers as a sustainable agricultural input.

IV. CONCLUSION

The significant role of biofertilizers in enhancing agricultural productivity and soil health, offering a
sustainable alternative to chemical fertilizers. The increase in crop yield across rice (25%), wheat (18%),
and legumes (15%) in biofertilizer-treated plots compared to control plots highlights the positive impact of
biofertilizers on crop performance. This can be attributed to the enhanced nutrient availability, particularly
nitrogen, facilitated by nitrogen-fixing bacteria present in the biofertilizers. The results showed a marked
improvement in the soil nitrogen content, with a 15% increase in biofertilizer-treated soils compared to a
12% increase in control soils, supporting the crucial role of biofertilizers in enriching soil fertility. The
enhanced plant growth parameters such as biomass, leaf area index, and plant height in biofertilizer-treated
plots further emphasize the benefits of biofertilizers in improving plant vigor and overall growth, thus
contributing to higher yields. The stability of bacterial viability in biofertilizer formulations stored at 4°C
over six months also proves the importance of proper storage conditions in maintaining the effectiveness of
biofertilizers. This is crucial for ensuring their long-term use in agricultural practices. Furthermore, the
increased nitrogenase activity in Azotobacter chroococcum and Rhizobium leguminosarum in biofertilizer-
treated soils underscores the active role of these bacteria in biological nitrogen fixation, which further
enriches soil nitrogen content and supports plant growth. In terms of microbial diversity, biofertilizer-treated
soils exhibited a higher microbial diversity index and a greater relative abundance of nitrogen-fixing
bacteria compared to control soils, indicating that biofertilizers not only improve nutrient availability but
also enhance soil biodiversity, which is beneficial for overall soil health and resilience. It align with
previous studies that highlight the positive effects of biofertilizers on crop yield, soil fertility, and microbial
activity. The combination of increased nutrient availability, enhanced microbial diversity, and improved
plant growth demonstrates the potential of biofertilizers as a key component in sustainable agriculture,
reducing reliance on chemical fertilizers while maintaining or even increasing crop productivity. Therefore,
the use of biofertilizers can contribute to more sustainable, environmentally-friendly agricultural practices,
promoting long-term soil health and ecosystem balance.
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