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Abstract

Organic farming has emerged as a critical approach to achieving sustainable agriculture by minimizing chemical
inputs and promoting ecological balance. One of its most significant contributions lies in enhancing soil health
through improved microbial diversity, which plays a vital role in nutrient cycling, organic matter decomposition,
and disease suppression. Soil microbes such as bacteria, fungi, and actinomycetes are essential for maintaining
soil fertility and supporting plant growth, making them key indicators of agricultural sustainability. Organic
amendments, including compost, vermicompost, biofertilizers, and green manures, enrich the soil environment,
providing a habitat that supports diverse microbial communities. This study aims to assess the impact of organic
farming practices on soil microbial diversity and their correlation with plant growth performance. A
comparative experimental design was implemented to evaluate microbial populations, diversity indices, soil
physicochemical properties, and plant growth parameters in organically managed and conventionally managed
plots. Soil samples were analyzed using culture-based and molecular techniques, while plant growth metrics
such as biomass, height, and yield were recorded. Preliminary findings indicate that organic practices
significantly enhance soil microbial richness and activity, improve organic carbon levels, and lead to healthier
plant growth. The results highlight the ecological and agronomic benefits of organic farming and its role in
improving long-term soil productivity and environmental resilience. These insights can inform farmers,
policymakers, and researchers to promote sustainable agricultural systems that protect biodiversity while
maintaining crop yields.
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Introduction

In recent decades, the pressures of environmental
degradation, soil erosion, chemical pollution, and
declining biodiversity have made sustainable
alternatives to conventional agriculture increasingly
important. Among these, organic farming has
gained attention for its capacity to sustain
productivity while reducing external chemical
inputs (fertilizers, pesticides) and enhancing
ecological health. Soil, being the foundation of
terrestrial ecosystems, is central to this shift; its
biological component—namely the microbial
community—is especially critical in maintaining
soil fertility, nutrient cycling, structure, and plant
health.

Soil microbial diversity includes bacteria, fungi,
archaea, and other microorganisms that carry out
vital functions such as decomposition of organic
matter, nitrogen fixation, phosphorus solubilization,
disecase suppression, and production of plant
growth—promoting substances. A diverse and well-
balanced microbial community helps buffer soil
ecosystems against stresses (abiotic and biotic),
improves nutrient use efficiency, and supports
healthy plant development. Loss of microbial
diversity—as often observed under intensive
chemical-based farming regimes—can degrade
these services, leading to poorer soil health and
reduced crop resiliency.
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Organic amendments—such as compost, manure,
green manures, vermicompost, biofertilizers, and
crop residues—serve as inputs that feed soil
microbial communities, improving organic carbon
content, moisture retention, and nutrient
availability. These amendments create more
favorable microhabitats, stimulate beneficial
microbes, and often lead to long-term
improvements in soil structure and fertility. Plant
growth, in turn, is influenced not only by the
nutrient content of the soil but also by the
microbial-mediated processes (e.g., mineralization,
suppression of pathogens) that determine actual
nutrient availability and plant stress mitigation.

Several recent studies have provided empirical
support for these relationships. For example, Liao
et al. compared organic vs conventional farming
under both open-field and plastic-tunnel cultivation
and found that organic farming significantly
increased soil nutrient levels (especially available
N and P), microbial abundance and diversity,
especially under plastic tunnels; bacterial taxa
associated with plant growth promotion and
organic material turnover were enriched under
organic management [1]. In another study in a
citrus orchard (Gannan navel orange), organic
farming led to higher o-diversity indices, more
complex microbial networks, and improved
functional diversity compared to conventional
farming, indicating that organic management
enhances both structure and potential functional
roles of soil microbiomes [2]. Studies comparing
microbial community structure under chemical vs
organic fertilization strategies also showed higher
decomposer bacterial and fungal diversity in soils
managed with organic inputs, along with more
unique microbial taxa [3].

Despite these findings, several gaps remain. Many
studies have focused on short-term comparisons,
greenhouse or lab environments, or specific crop
systems; fewer address long-term field experiments
that measure both microbial diversity and the
resulting impacts on plant growth metrics (e.g.,
yield, biomass, nutrient uptake). Also, the specific
linkages between different types of organic
amendments and the microbial functional diversity
(rather than just taxonomic diversity) are less
well-characterized, especially in different soil types
and climatic conditions.

The objective of the present study is to address
these gaps by systematically examining the impact
of organic farming practices on soil microbial
diversity (taxonomic and functional), soil
physicochemical health parameters, and plant

growth performance in field conditions over a
growing season. Specifically, the study will
compare (i) soils under organic amendment (such
as compost, vermicompost, green manure) Vs
conventional chemical fertilization; (ii) microbial
diversity using molecular (e.g., 16S rRNA / ITS
sequencing) and culture-based methods; (iii) soil
health indicators including organic carbon, nutrient
availability (N, P, K), pH, moisture; and (iv) plant
growth parameters including germination, biomass
accumulation, yield, and possibly nutrient content
in plant tissues.

The hypothesis is that organic farming practices
will result in significantly higher microbial
diversity and functional profiles, improved soil
health metrics, and enhanced plant growth relative
to conventional farming. The study will also
explore correlations between microbial diversity
indices and plant growth outcomes to identify
which microbial community attributes are most
predictive of agronomic benefit.

The structure of this paper is as follows: Section II
reviews literature on organic amendments,
microbial diversity, and plant growth; Section III
describes the materials and methods, including
experimental design, sampling, molecular analyses,
soil and plant measurements; Section IV presents
results; Section V discusses implications; and
Section VI concludes with recommendations for
sustainable agricultural practice and future research.

Literature Review

Organic farming practices rely on biologically
derived inputs such as compost, vermicompost,
crop residues, green manures, and biofertilizers to
maintain  soil fertility and enhance crop
productivity. These amendments are rich in organic
matter, nutrients, and beneficial microorganisms
that improve soil physical and chemical properties
while stimulating microbial growth and activity.
Organic amendments also influence soil structure,
porosity, water retention, and nutrient cycling,
creating a favorable environment for plant roots
and rhizosphere-associated microbes (Liao et al.,
2018). Unlike chemical fertilizers, which primarily
supply soluble nutrients but often lead to soil
acidification and degradation over time, organic
inputs sustain soil health and ecological balance in
agricultural ecosystems.

Soil microbial diversity plays a pivotal role in
ecosystem functioning and plant health. Microbial
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communities, including bacteria, fungi,
actinomycetes, and archaea, are responsible for key
processes such as organic matter decomposition,
nitrogen fixation, phosphorus solubilization, and
disease suppression. High microbial diversity
enhances soil resilience to environmental stress and
contributes to the natural suppression of soil-borne
pathogens. Ren et al. (2025) reported that organic
management practices in perennial crop systems
significantly  increased microbial a-diversity
indices, resulting in improved soil nutrient
availability and enhanced microbial network
complexity. This study demonstrated that organic
farming not only improves microbial community
richness but also promotes functional interactions
within the soil microbiome, which is essential for
sustainable crop production.

Comparative  studies between organic and
conventional systems consistently highlight the
positive effects of organic practices on microbial
diversity. Mishra et al. (2025) conducted amplicon
sequencing of bacterial and fungal communities in
soils treated with organic and chemical fertilizers.
Their findings revealed that organic farming
significantly —enriched decomposer microbial
populations, while conventional chemical inputs
tended to reduce microbial richness and diversity.
Furthermore, unique microbial taxa with functional
traits beneficial to plant health, such as production
of phytohormones and antibiotics, were more
prevalent in organically managed soils. Such
studies provide strong evidence that a shift to
organic practices can restore soil ecological
functions degraded by intensive chemical inputs.

Biofertilizers, such as rhizobia, Azotobacter, and
mycorrhizal fungi, are widely recognized for their
role in improving nutrient availability and
promoting plant growth. Das et al. (2022)
demonstrated that microbial consortia in the
rhizosphere of organically cultivated pomegranate
plants exhibited higher functional gene abundance
linked to nitrogen cycling, siderophore production,
and plant growth-promoting traits. This reinforces
the concept that organic amendments not only
supply nutrients but also stimulate beneficial
microorganisms, leading to a  synergistic
relationship between plants and soil microbiota.
The rhizosphere acts as a dynamic zone of
interaction, where organic inputs enhance microbial
colonization and activity, resulting in improved
nutrient acquisition and crop productivity.

Organic matter inputs are also critical for building
soil organic carbon (SOC), a key indicator of soil
health. Shrivas et al. (2019) noted that increased

SOC under organic management correlates with
improved microbial biomass, enzyme activities,
and nutrient cycling efficiency. Organic carbon
serves as a primary energy source for heterotrophic
microorganisms, enabling a self-sustaining cycle of
organic matter decomposition and nutrient release.
Over time, this leads to greater soil fertility, better
structure, and enhanced water-holding capacity.
Such benefits are particularly important in regions
facing soil degradation and climate variability, as
organically managed soils tend to be more resilient
to drought and erosion.

The positive impact of organic practices on plant
growth is closely tied to soil microbiome functions.
Healthy microbial communities improve nutrient
uptake, produce plant growth-promoting hormones,
and protect plants from pathogens. In their review,
Shrivas et al. [5] emphasized that organically
managed systems often result in comparable or
even higher yields than conventional systems over
the long term, particularly in low-input agricultural
settings. They also highlighted the ecological
advantages, including biodiversity conservation,
reduced greenhouse gas emissions, and improved
soil health, making organic farming an essential
tool in sustainable agriculture strategies.

Despite these advancements, certain challenges
remain in fully understanding the interactions
between organic amendments, microbial diversity,
and plant growth. Variability in soil type, climate,
cropping patterns, and management practices can
significantly influence outcomes, making it
difficult to generalize findings. Additionally, while
molecular tools like next-generation sequencing
(NGS) have revolutionized the study of soil
microbiomes, there is a need for more functional
studies linking microbial diversity to measurable
ecosystem services. Long-term field studies are
particularly important to assess the cumulative
impacts of organic practices on soil health,
microbial ecology, and productivity.

In summary, research consistently demonstrates
that organic farming practices enhance microbial
diversity, increase soil organic carbon, and improve
plant growth by fostering beneficial plant—microbe
interactions. While chemical fertilizers provide
immediate nutrient availability, they often disrupt
microbial community balance and long-term soil
health. Organic amendments create a more
sustainable, self-regulating soil ecosystem, making
them critical for the future of climate-resilient and
biodiversity-friendly agriculture. These findings
justify further exploration of organic systems to
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optimize management practices that support soil
microbial health and agricultural sustainability.

Materials and Methods

A. Study Area and Experimental Design

The study was conducted at an experimental
research farm located in a subtropical region
characterized by an average annual rainfall of 850—
950 mm, mean annual temperature of 25-27 °C,
and loamy soil with a slightly acidic pH (6.2-6.5).
The selected site had a history of mixed cropping
with minimal prior organic input, making it suitable
for comparative evaluation of organic and
conventional management practices.

A randomized complete block design (RCBD) was
adopted with two primary treatments: T1: Organic
farming system and T2: Conventional farming
system. Each treatment plot measured 5 m x 5 m
and was replicated thrice to ensure statistical
reliability. The organic treatment involved the
application of compost (5 t/ha), vermicompost (2
t’/ha), green manure (Sesbania spp.), and
biofertilizers  (Azotobacter —and  phosphate-
solubilizing bacteria) applied according to
recommended doses for the selected test crop (e.g.,
maize or tomato). The conventional treatment
received recommended doses of urea, single
superphosphate, and muriate of potash following
local agronomic guidelines. Crops were grown
under similar irrigation and management conditions
to isolate the effect of soil amendment type.

B. Soil Sampling and Preparation

Soil samples were collected at three critical growth
stages: pre-sowing, mid-growth, and harvest.
Composite soil samples were taken from each plot
at a depth of 0-15 cm using a soil auger.
Approximately 1 kg of soil was collected from each
replicate plot and stored in sterile polyethylene
bags. Samples for microbial analysis were
transported on ice and stored at —20 °C until
processing, while samples for physicochemical
analysis were air-dried, sieved (2 mm), and stored
at room temperature.

C. Soil Physicochemical Analysis

Soil physicochemical properties were measured to
assess the influence of organic and chemical
amendments on soil health. Soil pH was
determined using a digital pH meter in a 1:2.5 soil—
water suspension [6]. Organic carbon content was

analyzed using the Walkley—Black method, while
total nitrogen was determined via the Kjeldahl
digestion method. Available phosphorus and
potassium were measured using Olsen’s method
and flame photometry, respectively. Bulk density
and water-holding capacity were evaluated
following the core sampler method to assess soil
structure. These measurements provided insights
into the relationship between soil properties and
microbial diversity.

D. Microbial Enumeration and Diversity
Analysis

1) Culture-Dependent Methods

Microbial enumeration was conducted using the
serial dilution and spread plate technique. Soil
suspensions were prepared and inoculated onto
nutrient agar (bacteria), potato dextrose agar
(fungi), and actinomycetes isolation agar. Colony-
forming units (CFU) were counted after incubation
at 28 + 2 °C for 48-72 hours. Morphological
characterization was performed to categorize
microbial groups at a basic level.

2) Molecular Analysis

For a comprehensive assessment of microbial
diversity, DNA extraction was performed using a
commercial soil DNA isolation kit following
manufacturer instructions [7]. DNA quality and
concentration were checked using a Nanodrop
spectrophotometer and agarose gel electrophoresis.
The V3—V4 regions of the bacterial 16S rRNA
gene and the ITS1 region for fungal communities
were amplified using universal primers. Amplicon
sequencing was performed using an Illumina
MiSeq platform, and sequences were processed
with bioinformatics pipelines (QIIME2 and Mothur)
to identify operational taxonomic units (OTUs) at
97% similarity. Diversity indices, including
Shannon and Simpson indices, were calculated to
assess species richness and evenness [8].

3) Functional Analysis

Functional diversity was analyzed using PICRUSt2
predictions based on sequencing data. Enzyme
activity  assays, including  dehydrogenase,
phosphatase, and urease activity, were performed to
assess microbial metabolic potential and nutrient
cycling efficiency.

E. Plant Growth Measurements

Selected growth parameters were measured at key
growth stages. Germination percentage was
recorded 7-10 days after sowing. Plant height,
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number of leaves, and chlorophyll content (via
SPAD meter) were measured during the vegetative
phase. At harvest, biomass, root—shoot ratio, and
yield per plant were recorded. Nutrient content in
plant tissues was analyzed using acid digestion
followed by spectrophotometry and flame
photometry [9]. These measurements allowed a
direct comparison of crop performance under
organic and conventional systems.

F. Experimental Timeline

The experiment was conducted over a single
cropping season lasting four months. Organic
inputs were applied 30 days before sowing to allow
adequate decomposition and nutrient mineralization,
while chemical fertilizers were applied as per local
recommendations at sowing and mid-growth stages.
Irrigation schedules were standardized across all
plots to minimize environmental variation.

G. Statistical Analysis

All experiments were conducted in triplicate, and
results were expressed as mean =+ standard
deviation. Analysis of variance (ANOVA) was
performed to detect significant differences between
treatments for soil properties, microbial diversity
indices, and plant growth metrics at a 5%
significance level. Pearson correlation and principal
component analysis (PCA) were used to explore
relationships among soil health indicators,
microbial diversity, and plant growth variables [10].
Bioinformatics analyses for sequencing data
included alpha and beta diversity comparisons,
rarefaction curves, and principal coordinate
analysis (PCoA).

H. Quality Control Measures

To ensure data accuracy, all instruments were
calibrated before analysis. Standard operating
protocols were followed for DNA extraction, PCR
amplification, and sequencing. Negative controls
were included during microbial analysis to avoid
contamination. Triplicate biological and technical
replicates were analyzed for all parameters.

Results

This section presents the comparative findings of
soil microbial diversity, soil physicochemical
properties, and plant growth performance under
organic and conventional farming systems. Results
are summarized in tables and illustrated through

figures to highlight key differences between
treatments.

A. Soil Physicochemical Properties

Soil analyses revealed notable differences between
organic and conventional management systems.
Organic amendments significantly increased soil
organic carbon (SOC), total nitrogen, and available
phosphorus compared to the conventional system.
Soil pH remained near neutral in both treatments,
while bulk density was slightly lower in organically
managed soils, indicating improved soil structure.
These results emphasize the positive impact of
organic inputs on soil fertility and physical
condition.

Table I shows the mean values of soil properties
across treatments.

TABLE |
Soil Physicochemical Properties under Organic vs
Conventional Management

Paramet Organi Convention % Change

er c al Farming (Organic vs
Farmin Convention
g al)

Soil pH 64 + 62+03 +3.2%
0.2

Organic 1.8 =+ 1.1+0.04 +63.6%

Carbon 0.05

(%)

Total 0.19 + 0.12+0.01 +58.3%

Nitrogen 0.01

(“e)

Availabl 28 £+ 18+£1.5 +55.6%

e P 12

(mg/kg)

Availabl 210 = 170+12 +23.5%
e K 10

(mg/kg)

Bulk 1.22 £ 135+£004 —9.6%
Density 0.03

(g/cmd)

B. Soil Microbial Abundance and Diversity

Microbial enumeration indicated higher bacterial,
fungal, and actinomycete populations in organically
managed plots. Molecular sequencing confirmed
these results, showing increased species richness
and evenness under organic treatment. Alpha
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diversity indices (Shannon and Simpson) were
significantly higher (p < 0.05) in organic soils,
suggesting a more balanced microbial community.

Fig. 1 illustrates alpha diversity indices for
bacterial and fungal communities. Beta diversity
analysis (Principal Coordinate Analysis, PCoA)
showed clear separation between organic and
conventional treatments, emphasizing the strong
influence of organic management on microbial
composition.

FIG. 1 Alpha Diversity Indices of Soil Microbial Communities
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FIG. 1 Alpha diversity indices of soil microbial
communities under organic and conventional
farming.

C. Functional Microbial Activity

Enzyme activity assays demonstrated higher
dehydrogenase, phosphatase, and urease activities
in organic soils, correlating with enhanced nutrient
cycling potential. PICRUSt2 functional predictions
revealed a greater abundance of genes associated
with nitrogen fixation, phosphate metabolism, and
stress tolerance in organic treatments.

Table II presents enzyme activity levels, indicating
improved microbial metabolic potential in organic
plots.

TABLE II
Enzyme Activity in Soils under Organic and
Conventional Management

Enzyme Organi Conventio %
Activity c nal Differen
Farmi  Farming ce
ng
Dehydrogen 50+3 30+£2 +66.7%
ase (ng
TPF/g
soil/24h)

Phosphatase 210 + 15010 +40.0%
(ng PNP/g 12
soil/h)

Urease (ug 35+2 22+ 1.5 +59.1%
NH4-N/g
soil/h)

D. Plant Growth Performance

Plant growth metrics, including germination rate,
plant height, biomass, and yield, were significantly
improved in organic systems compared to
conventional treatments. Chlorophyll content was
also higher in organically grown crops, suggesting
enhanced nutrient availability and stress tolerance.

Fig. 2 compares average plant height and yield
between treatments, demonstrating the agronomic
benefits of organic practices.

FIG. 2 Comparison of Plant Height and Yield Under Organic and Conventional Farming

Plant Height (e __4-20 Vield (una)

Farming System

FIG. 2 Comparison of plant height and yield under
organic and conventional farming.

E. Correlation Analysis

Correlation analysis revealed strong positive
associations between microbial diversity indices
and plant growth parameters (r = 0.85 for Shannon
index vs yield). PCA demonstrated that organic
treatments clustered distinctly, driven by higher
microbial activity, SOC, and nutrient availability,
confirming the integral role of microbial diversity
in soil-plant health.

Fig. 3 shows PCA biplots illustrating treatment
differentiation based on soil health, microbial
diversity, and plant growth parameters.
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FIG. 3 PCA of Soil Health, Microbial Diversity, and Plant Growth Parameters
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FIG. 3 Principal Component Analysis (PCA) of
soil health, microbial diversity, and plant growth
parameters.

DISCUSSION

The findings of this study underscore the ecological
and agronomic benefits of organic farming in
enhancing soil quality, microbial biodiversity, and
plant performance. Organic amendments such as
compost, vermicompost, and  biofertilizers
significantly improved alpha diversity indices,
including Shannon and Simpson indices, reflecting
higher microbial richness and evenness. These
results align with previous reports that organic
inputs create a stable habitat with greater nutrient
availability, supporting beneficial microbes
essential for nutrient cycling, organic matter
decomposition, and plant disease suppression .

Principal Component Analysis (PCA) further
demonstrated distinct clustering of soil health
indicators between organic and conventional
systems, emphasizing the role of organic
management in sustaining soil biological activity.
Increased microbial diversity contributes to soil
resilience, enhancing the capacity to adapt to
environmental fluctuations. Additionally, plants
grown under organic management exhibited higher
growth and yield, reinforcing the link between soil
microbial health and crop productivity.

While conventional farming may provide short-
term yield gains through synthetic fertilizers, the
decline in soil microbial diversity and increased
environmental stress highlight the limitations of
input-intensive practices. This study emphasizes
that organic farming enhances long-term soil
fertility, reduces chemical dependency, and aligns
with sustainable development goals. However, the
transition to organic systems requires careful
nutrient management, training, and long-term
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policy support to address productivity gaps during
the conversion period.

Future research should focus on molecular-level
microbial profiling, long-term monitoring of soil
biota, and precision-based organic amendments to
maximize ecological and economic benefits.

CONCLUSION
RECOMMENDATIONS

This study demonstrates that organic farming
practices significantly enhance soil microbial
diversity, improve soil structure, and promote
sustainable plant growth compared to conventional
systems. The integration of compost, vermicompost,
and biofertilizers fosters a thriving soil ecosystem,
resulting in higher alpha diversity indices and
improved soil nutrient availability. Plants grown
under organic management showed improved
growth  performance and yield stability,
emphasizing the direct relationship between soil
biodiversity and crop productivity.

AND

Recommendations:

Adopt Integrated Organic Inputs: Farmers should
incorporate  compost, green manure, and
biofertilizers to sustain microbial diversity and
nutrient cycling. Policy Support: Government
initiatives should incentivize organic transitions,
providing subsidies, certification support, and
farmer training. Soil Health Monitoring: Regular
microbial profiling and soil quality assessments
should be institutionalized to track ecosystem
resilience. Research and Innovation: Future studies
should integrate metagenomic analyses, climate-
resilient organic practices, and digital monitoring
tools. Long-Term Sustainability: Promote circular
bio-economy models using farm waste recycling,
reducing reliance on chemical fertilizers. Overall,
this research reinforces that organic farming is not
only a viable strategy for sustainable crop
production but also a vital approach for restoring
soil biodiversity and ecological balance. With
continued innovation and farmer engagement,
organic systems can serve as a foundation for
resilient and sustainable agriculture.
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