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ABSTRACT

Corn (Zea mays) is essential to global food security, especially in nutrient-poor soils.
Interactions with microbes, including plant growth-promoting rhizobacteria (PGPR) and
arbuscular mycorrhizal fungi (AMF), boost nutrient absorption and crop yield.
Nevertheless, the exact mechanisms by which microbial communities influence corn
germination and development remain poorly understood. This study examined the
influence of microbial inoculation on corn germination, nutrient uptake, and productivity
to address knowledge gaps in plant-microbe interactions and their relevance to sustainable
farming practices. In conjunction with field studies, a controlled experiment was conducted
to assess microbial consortia's impact on corn. Seeds were inoculated with PGPR and
AMEF, and their performance was measured against untreated controls. Nutrient absorption
was evaluated through elemental analysis of plant tissues, and growth parameters were
recorded across the treatment groups. Statistical evaluation included ANOVA and Tukey's
post-hoc tests to verify the significance of the observed differences. The findings revealed
a marked improvement in germination rates (93% vs. 78%), nutrient uptake (34% increase
in nitrogen, 28% in phosphorus, and 21% in zinc), and yield metrics (22% increase in cob
weight and 24% increase in overall yield) in inoculated groups compared to controls.
Elevated enzyme activities in the rhizosphere, including phosphatase and nitrogenase
activities, supported the observed enhancements. This investigation underscores the
potential of microbial consortia as a bioinoculant to enhance corn productivity. These
results offer valuable insights for incorporating microbial strategies into sustainable
agricultural methods, particularly in nutrient-deficient soils. Subsequent research should
focus on exploring diverse microbial communities and their long-term ecological effects.

INTRODUCTION

Maize (Zea mays) is one of the most important cereal
crops worldwide regarding agricultural productivity,
food security, and economics (Tigchelaar et al., 2018).
Maize, a major food crop and important fodder,
significantly affects world agriculture, especially in high
food insecurity zones (Sah et al., 2020). The entire
process of maize cultivation is determined by its
germination efficiency and nutrient-absorbing power
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from the soil. The importance of germination ranges
from initial vigour and eventual survival to overall
maize performance (Shi et al., 2017). It has been found
that soil conditions, moisture, temperature, and the
presence of microorganisms significantly affect
germination and growth (Mao et al., 2015). In addition,
the microbial communities that can enhance nutrient
availability in soils, soil health improvement, and maize
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productivity include fungi, bacteria, and actinomycetes
(Costa Silva Neta et al., 2020).

There are studies on various approaches to maize
germination and the factors that affect maize
germination and growth (Yu et al., 2023). For example,
soil nutrients, temperature, and water availability were
studied for the germination of maize to determine the
ideal environmental conditions for the germination of
seedlings (Torres-Madronero et al., 2022). In addition,
rhizospheric microbial interplay has received increasing
interest over the past several years, and research related
to mycorrhizal fungi, plant growth—-promoting
rhizobacteria (PGPR), and other untapped microbes have
been developed (He et al., 2018). They can improve
nutrient uptake (especially phosphorus, nitrogen, and
zinc) via symbiotic interactions with maize roots (Nazari
& Zinati, 2024). Although numerous studies have shown
that the interactions of microbes affect plant growth, the
molecular details of how these microbes trigger maize
nutrient uptake and tolerance to abiotic stresses such as
drought or salinity are unclear (Nelimor et al., 2019).
Moreover, previous studies have mainly emphasized
single factors but less synthetic functions of the
microbial community and their environmental scope in
maize germination and establishment (Jiang et al., 2023).

The present study addresses this knowledge gap by
investigating the multifaceted interplay between maize
germination, microbial factors, and nutrient uptake
(Zhang et al., 2019). The synergistic influence of soil
biota, especially arbuscular mycorrhizal fungi (AMF)
and plant growth-promoting rhizobacteria, on the
availability of critical nutrients such as nitrogen,
phosphorus, and micronutrients such as zinc, in maize
will be investigated (Zhu et al., 2022). This study will
also examine the interplay of these microbial
communities with environmental variables, such as
temperature, soil pH, and available moisture, that
influence germination and early seedling growth (Feng
et al., 2015). This research aims to provide a fresh
perspective on plant-microbe interactions in maize
through a system-level approach, which helps to
improve the mechanistic understanding of how microbes
support maize productivity and nutrient acquisition
processes (Gu et al., 2019). Filling these gaps will
facilitate this study to improve agricultural practices
leading to sustainability by optimizing maize cultivation
through the management of soil health and soil microbes
(Wei et al., 2023).

METHODOLOGY

This study aims to elucidate the role of microbial factors
in maize (Zea mays) germination, growth, and nutrient
uptake. The methodology integrates laboratory and field
trials to evaluate these interactions comprehensively.
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Experimental Setup
Seed Preparation
Maize seeds were surface-sterilized to minimize external
microbial contamination. The sterilization process
involved immersion in 1% (v/v) sodium hypochlorite
solution for 5 minutes, followed by thorough rinsing
with sterile distilled water. This ensured the elimination
of seed-borne pathogens while retaining the seed's
viability.
Pot Experiment
Pots were filled with sterilized soil adjusted to a neutral
pH (6.5-7.0). Three seeds were sown per pot and
watered to maintain 80% field capacity. Post-
germination, seedlings were thinned to one plant per pot
for uniform growth. Experiments were conducted under
controlled conditions:

e Temperature: 25°C = 2°C

e Light: 12-hour photoperiod

e Soil Moisture: 80% of field capacity

Table 1
Summary of Controlled Environmental Conditions

Parameter Condition
Temperature 25°C +2°C
Photoperiod 12 hours light/dark

Soil Moisture Level 80% Field Capacity

Microbial Treatments
Selection and Application of Microbial Strains

e Microbial Strains: Selected plant growth-
promoting rhizobacteria (PGPR) and arbuscular
mycorrhizal fungi (AMF) were utilized for
inoculation.

e Preparation: Microbial consortia were cultured
in growth mediums and applied as seed coats or
soil amendments. Seed bacterization involved
dipping sterilized seeds in microbial suspensions
(1078 CFU/mL).

Control Group

A control group without microbial inoculation was
maintained to provide baseline data on germination and
growth.

Nutrient Uptake Analysis
Fertilizer Supplementation
e Soil Additives: Experimental soils were
supplemented with phosphorus (P), nitrogen (N),
and micronutrient fertilizers.
e Nutrient Solutions: Plants were irrigated with
nutrient solutions, ensuring consistency across
treatments.

Measurement

Post-harvest, plant shoots and roots were separated,
dried at 105°C for 24 hours, and ground. Elemental
analyses for nitrogen, phosphorus, and zinc were
conducted using atomic absorption spectrophotometry.
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Table 2
Nutrient Supplementation Details
Application Rate

Method of

NGBS (mg/kg) Application
Nitrogen 50 Soil Amendment
Phosphorus 30 Soil Amendment
Zinc 10 Foliar Spray
Rhizosphere Microbial Activity
Soil Sampling

Rhizospheric soil samples were collected at 2-week
intervals to monitor microbial activity. Enzyme assays
(e.g., phosphatase and nitrogenase) were performed to
quantify functional microbial populations.

Enzyme Assays

Spectrophotometric methods were used to measure
enzyme activity, providing insights into microbial
contributions to nutrient cycling.

Table 3

Enzyme Assay Parameters
Enzyme Substrate Detection Method
Phosphatase p-Nitrophenyl Spectrophotometry
Nitrogenase Acetylene Reduction  Gas Chromatography

Field Trials

Site Selection and Design

Field experiments were conducted in agricultural
research plots with randomized block designs. Soil was
prepared to ensure homogeneity, and the same microbial
treatments as the laboratory experiments were applied.

Measurement of Growth Parameters

Growth metrics, including plant height, leaf area, and dry
biomass, were recorded. Yield parameters such as cob
weight and grain count per cob were also analyzed.

Statistical Analysis

Data were analyzed using ANOVA to determine the
significance of microbial treatments on germination,
growth, and nutrient uptake. Tukey’s post hoc tests were
conducted for pairwise comparisons.

Software Used
Statistical analyses were performed using SPSS.
Significance levels were set at p < 0.05.

Validation of Laboratory Findings

Field trials validated the consistency of laboratory
findings under real-world conditions, emphasizing
microbial persistence and impact on crop productivity.

RESULTS

Germination Rates and Initial Growth

Germination Efficiency

The inoculation of maize seeds with microbial consortia
significantly improved germination rates compared to
the control group. The germination efficiency was 93%
in the inoculated group, while the control group showed
only 78% germination (Figure 1).
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Early Growth Metrics
e Shoot Length: The inoculated group achieved an
average shoot length of 15 cm compared to 11 cm
in the control.
e Root Length: Roots in the inoculated group
extended to 18 cm, demonstrating a 25%
improvement over the control.

Figure 1
Germination rates and initial Growth Metrics
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This bar chart compares germination rate, shoot length,
and root length between control and inoculated
treatments. Inoculated plants demonstrate higher values
across all metrics, indicating enhanced initial growth
performance.

Nutrient Uptake

Elemental Analysis

Elemental analysis of dried plant tissues indicated
significantly enhanced nutrient uptake in the inoculated
group:

Nitrogen: Increased by 34% compared to control.
Phosphorus: Elevated by 28% in the inoculated group.
Zinc: Improved uptake by 21% relative to the control

group.

Table 4

Nutrient Uptake Comparison
Nutrient Control Inoculated Percentage

(mg/kg) (mg/kg) Increase

Nitrogen 45 60 34%
Phosphorus 25 32 28%
Zinc 12 15 21%

Figure 2
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The chart illustrates nutrient uptake levels (Nitrogen,
Phosphorus, and Zinc) for control and inoculated
treatments. Inoculated plants show improved nutrient
uptake, with notable increases in Nitrogen and
Phosphorus levels.

Microbial Activity in the Rhizosphere
Enzyme Activity
Spectrophotometric  analysis revealed heightened
enzyme activities in the rhizosphere of inoculated plants:
e Phosphatase: 15 umol/min/g of soail
(inoculated) vs. 9 pmol/min/g (control).
e Nitrogenase: 18 pmol/min/g of soil
(inoculated) vs. 12 yumol/min/g (control).

Table 5
Enzyme Activity Comparison
Enzyme Contrpl Inocu Ia_ted Percentage
(umol/min/g)  (umol/min/g) Increase
Phosphatase 9 15 67%
Nitrogenase 12 18 50%
Figure 3

Enzyme Activity Levels
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This figure highlights the activity levels of key enzymes
(Phosphatase and Nitrogenase) under control and
inoculated conditions. Enzyme activity is significantly
elevated in inoculated samples, suggesting enhanced
metabolic activity.

Field Trial Outcomes
Yield Parameters
Field trials confirmed the laboratory findings,
demonstrating substantial yield improvements in the
inoculated group:
e Cob Weight: Average weight increased by 22%.
e Grain Count per Cob: Enhanced by 18%.
e Overall Yield: 4.2 tons/hectare (inoculated) vs.
3.4 tons/hectare (control).

Table 6
Yield Parameter Comparison

Parameter Control Inoculated FEEEEE
Increase
Cob Weight (g) 150 183 22%
Grain Count/Cob 250 295 18%
Yield (tons/ha) 3.4 4.2 24%

IJBR Vol.3 Issue.1 2025

Figure 4
Yield Metrics Across Treatments
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This bar chart compares cob weight, grain count per cob,
and overall yield between the two treatments. Inoculated
plants exhibit higher vyields, reflecting the overall
benefits of the treatment on agricultural productivity.

Statistical Analysis

ANOVA results confirmed significant differences
between inoculated and control groups across all
parameters (p < 0.05). Tukey’s post hoc tests validated
the pairwise comparisons, emphasizing the role of
microbial inoculation in enhancing maize performance.

DISCUSSION

In this study, germination, nutrient absorption, and
maize yield increased significantly after the microbial
consortia were inoculated into maize seeds. In particular,
the germination rate was enhanced by 15% in the
inoculated group compared with that in the control
group, and nitrogen, phosphorus, and zinc uptake
increased by 34%, 28%, and 21%, respectively. Our
results validate our hypothesis that interactions between
microbes greatly enhance maize performance by
facilitating nutrient uptake and alleviating stressors. This
study begins to close the gap in knowledge about the
complex role microbial communities can play in the
growth of maize, and it suggests that this collective is
necessary to elucidate their beneficial effects on
germination and growth under different environmental
conditions.

These results agree with prior work, including
(Costa Silva Neta et al., 2020; Nelimor et al., 2019; Zhu
et al., 2022), who showed the significant role of
mycorrhizal fungi and PGPR in enhancing nutrient
uptake and stress tolerance. In contrast, our study adopts
a system-level approach by combining controlled
laboratory conditions with field trials to verify the
results. Previous studies have focused on single factors
and had limited exploration of microbial consortia-based
analysis, but this study holistically conceptualized plant-
microbe interactions.

This study has several strengths, though it also has
limitations. The optimal conditions of contrast,
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consistency, and reproducibility are integral to the values
obtained from the laboratory experiments. However,
these same factors may also serve as limitations that
hinder the application of experimental findings to the
intricate circumstances found in natural settings. While
the sample size in field trials is adequate from a statistical
point of reference, it could be more effective in
extrapolating results in future studies. This investigation
was limited to specific microbes with specific isolates.
Investigating a broader array of soil microbes may yield
further insights into their combined roles and
interactions. Such limitations demonstrate the need for
additional studies to validate and expand these findings.

Based on these findings, we propose that
sustainable maize production can be supplemented using
microbial consortia, namely mycorrhizal fungi and
PGPR, to increase nutrient uptake and yield.
Bioinoculants can also play a role in policies to counter
food insecurity, especially in nutrient-deficient soils.
Future research should also investigate the molecular
mechanisms of these interactions and the long-term
impacts of microbial inoculation under various
environmental conditions. This can help improve

microbial-based interventions that would lead to
sustainable and resilient agricultural systems.
CONCLUSION

This research reveals that microbial inoculation

improves maize germination, nutrient absorption, and
harvest yield. The study observed a 15% increase in
germination efficiency and enhanced nutrient uptake:
34% for nitrogen, 28% for phosphorus, and 21% for zinc
in treated groups versus controls. These outcomes offer
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