www.ijcrt.org © 2024 IJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

INTERNATIONAL JOURNAL OF CREATIVE
RESEARCH THOUGHTS (1JCRT)
An International Open Access, Peer-reviewed, Refereed Journal

Diversity Of Soil Microflora Of Different Plant
Species

'Shazia Syed

' Post Graduate Student
'M.Sc. Biotechnology IV Semester,
! Amity Institute of Biotechnology. Amity University Uttar Pradesh (AUUP) Lucknow campus,
Lucknow,Uttar Pradesh, India.

Abstract: The soil ecosystem is a complex and diverse environment teeming with microbial life, playing a
crucial role in nutrient cycling, plant health, and ecosystem functioning. Understanding the factors that
influence microbial diversity within soil ecosystems is essential for elucidating the intricate dynamics of soil
microbial communities. One such factor of interest is the variation in plant species inhabiting a particular soil
environment, which has been shown to significantly influence microbial community composition and
function. This dissertation aims to investigate the diversity of microbes present in soil when different species
of the same plant are potted, shedding light on the intricate relationships between plant species and soil
microbial communities. The study employs a multifaceted approach, integrating both field“and laboratory
techniques to comprehensively assess microbial diversity. A series of pot experiments are conducted,
wherein soil samples are collected from pots harboring different species of the samé plafits, Next-generation
sequencing techniques, such as 16S rRNA gene sequencing for bacterial communities and¥ TS sequencing
for fungal communities, are employed to characterize the microbial diversity present in the soil samples.
Additionally, physicochemical analyses are conducted to evaluate soﬂ propertles that may influence
microbial community structure and function. ' ‘

In conclusion, this research underscores the 1mp0rtance of 1nterd1501p11nary approaches in studying soil
microbial ecology, providing valuable insights into the mechanisms driving microbial diversity in response to
plant species variation. By elucidating the intricate relationships between plants and soil microbes, this study
advances our understanding of soil ecosystem dynamics and informs strategies for sustainable land
management and biodiversity conservation.
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I: INTRODUCTION:

The soil microbiota, a vibrant assemblage of microorganisms dwelling in the rhizosphere, plays a pivotal role
in shaping terrestrial ecosystems' functioning and health. As research in microbial ecology advances, there is
an increasing appreciation for the intricate relationships between plants and soil microbiota. Among the
intriguing facets of this relationship is the exploration of soil microbiota diversity across plants of different
species. [1] [2].

This topic has emerged as a focal point for understanding ecosystem dynamics, agricultural sustainability,
and environmental stewardship. Diverse plant species, with their unique root exudates, morphological
characteristics, and ecological niches, create microenvironments that foster distinct microbial communities in
the soil surrounding their roots [1][4]. The exploration of these microbial communities in the context of plant
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species diversity has unveiled a wealth of insights into the factors shaping soil microbiota composition and
function across various ecosystems. By elucidating the drivers of microbial diversity across plant species
gradients, researchers aim to unravel the underlying mechanisms governing ecosystem processes and
resilience.[2] [3].

In recent years, advancements in high-throughput sequencing technologies have revolutionized our ability to
characterize soil microbiota associated with different plant species [5]. Amplicon sequencing,
meta-genomics, and meta transcriptomics have provided unprecedented insights into the taxonomic and
functional diversity of soil microbial communities. These molecular techniques, coupled with sophisticated
bioinformatics analyses, enable researchers to decipher the complex interactions between plants and soil
microbiota at an unprecedented resolution.

Studies exploring the effects of plant species diversity on soil microbiota have underscored the importance of
biodiversity in maintaining ecosystem stability and functionality. Plant species richness, functional diversity,
and phylogenetic relatedness have been identified as key drivers shaping soil microbial community structure
and dynamics. Moreover, the intricate feedback mechanisms between plants and soil microbiota influence
ecosystem processes such as nutrient cycling, carbon sequestration, and disease suppression, with
far-reaching implications for ecosystem services and resilience.

Beyond ecological significance, understanding the diversity of soil microbiota in plants of different species
holds practical implications for agriculture and land management. Harnessing the beneficial interactions
between plants and soil microbiota offers promising avenues for enhancing crop productivity, reducing
dependency on chemical inputs, and mitigating environmental stressors. Moreover, preserving plant species
diversity and associated soil microbiota is essential for conserving biodiversity, maintaining soil health, and
safeguarding ecosystem services for future generations [17].

In this comprehensive review, we synthesize existing literature to provide a holistic understanding of soil
microbiota diversity in plants of diverse species. By integrating findings. from diverse ecosystems and
methodologies, we aim to elucidate the drivers, patterns, and ecological consequences of microbial diversity
across plant species gradients. Through this endeavor, we seek to advance our understanding of
soil-plant-microbe interactions and inform strategies for sustainable agriculture, ecosystem management, and
biodiversity conservation. Plants, the green architects of our ecosystems, exist in_.a complex web of
interactions with the unseen world beneath our feet - the soil microbiota. This hidden realin, teeming with
microbial life, plays a pivotal role in shaping the health, productivity, and resilience-0f plant communities
worldwide. Among the myriad plant families that rely on these microbial allies fortheis surwival and growth,
Cucurbitaceae and Brassicaceae stand out-as prominent players in the“agricultural landscape, each with its
unique microbial entourage sculpted by millennia of coevolution and environmental pressures.

The Cucurbitaceae family, encompassing a diverse array of plants ranging from cucumbers to pumpkins, has
long been cherished for its culinary delights and medicinal properties. These plants, with their succulent
fruits and sprawling vines, harbor a rich tapestry of soil microbiota that contributes not only to their nutrient
uptake and growth but also to their ability to fend off pests and diseases. The intricate dance between
cucurbits and their microbial companions unfolds beneath the soil surface, where a bustling community of
bacteria, fungi, and other microorganisms engage in a symphony of biochemical exchanges that shape the
health and vigor of these plants.

In contrast, the Brassicaceae family, known for its members like broccoli, cabbage, and mustard, presents a
different microbial landscape shaped by its unique evolutionary history and ecological niche [13]. Brassicas,
with their pungent flavors and diverse culinary uses, have forged intricate relationships with soil microbes
that influence their growth, nutrient cycling, and defense mechanisms. From the mustard fields of Europe to
the kale farms of North America, Brassicaceae plants interact with a diverse array of soil microbiota that play
a crucial role in shaping their adaptation to changing environmental conditions and agricultural practices.
The soil microbiota associated with Cucurbitaceae and Brassicaceae plants represent a microcosm of the
broader microbial world that underpins the functioning of terrestrial ecosystems. These microbial
communities, comprising a staggering diversity of species and functional groups, form intricate networks of
interactions that regulate nutrient cycling, plant health, and ecosystem stability. Understanding the dynamics
of these soil micro biomes across different plant species is not only a scientific endeavor but also a practical
necessity for sustainable agriculture and environmental stewardship in a rapidly changing world.

As we delve deeper into the hidden world of soil microbiota associated with Cucurbitaceae and Brassicaceae
plants, we uncover a tapestry of microbial diversity and ecological interactions that hold the key to unlocking
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the full potential of these plant families in agriculture and beyond. By unraveling the secrets of plant-microbe
partnerships, we gain insights into how these ancient alliances shape the resilience and productivity of our
crops, offering new avenues for sustainable farming practices, ecosystem restoration, and food security in a
world facing unprecedented challenges [7][8].

In conclusion, the diversity of soil microbiota associated with Cucurbitaceae and Brassicaceae plants
represents a frontier of scientific inquiry and agricultural innovation, where the hidden world beneath our
feet holds the key to unlocking the full potential of these plant families in a changing world. By exploring the
intricate relationships between plants and soil microbes, we embark on a journey of discovery that promises
to revolutionize our understanding of plant-microbe [11][12].

Plants, the green architects of our ecosystems, exist in a complex web of interactions with the unseen world
beneath our feet - the soil microbiota. This hidden realm, teeming with microbial life, plays a pivotal role in
shaping the health, productivity, and resilience of plant communities worldwide. Among the myriad plant
families that rely on these microbial allies for their survival and growth, Cucurbitaceae and Brassicaceae
stand out as prominent players in the agricultural landscape, each with its unique microbial entourage
sculpted by millennia of coevolution and environmental pressures. The Cucurbitaceae family, encompassing
a diverse array of plants ranging from cucumbers to pumpkins, has long been cherished for its culinary
delights and medicinal properties. These plants, with their succulent fruits and sprawling vines, harbor a rich
tapestry of soil microbiota that contributes not only to their nutrient uptake and growth but also to their
ability to fend off pests and diseases. The intricate dance between cucurbits and their microbial companions
unfolds beneath the soil surface, where a bustling community of bacteria, fungi, and other microorganisms
engage in a symphony of biochemical exchanges that shape the health and vigor of these plants.

ILMETHODOLOGY
The procedures that were performed are mentioned as follows:

2.1: Germination Test:

The goal of laboratory seed germination testing is to evaluate the quality and viability of/seeds and to
forecast their performance in the field. Seeds prepared for sale must be tested by a certificdlaboratory under
the SEEDS ACT or an accredited laboratory by STA. The primary objective of gcrmination testing in a seed
testing laboratory is to gather information on the planting value of the seed sample.and, by extension, the
quality of the entire seed lot. Additionally, laboratory germination results are“used to;Compare the potential
performance or superiority of different seed lots.

Farmers, seed suppliers, and public agencies generally use germinatieh results for the following purposes.
Take the readings of the seeds that were planted a few days age+i.e., mustard family and gourd family. Seeds
that were planted were watered twice a day with exposure to sunlight for maintaining the proper growth of
the seeds. Within 4-5 days the mustard seeds that were planted showed signs of germination as the seed coat
came above the soil. Further in the next few days the cotyledon stage is observed. In this week of
observation, the mustard seeds showed growth till the stage where it forms buds. For the gourd family they
usually take a greater number of days for germination but within 7-8 days the sprout formation was seen in
muskmelon. For better growth the seeds were regularly watered as well as exposure to sun twice a day. Also
keeping in mind to maintain the humidity of the soil. For the seedling stage of this family further time is
required till that proper care is being taken. The mustard family the seeds that were planted showed positive
signs of growth as all of them were seen in the cotyledon stage at the 7-8 days after planting them. Whereas
for gourd family, only muskmelon have shown positive growth till date the other seeds will also show certain
positive response till its 10-12 days of germination stage.

2.2: Serial Dilution:

Serial dilution stands as a foundational technique in microbiology and analytical chemistry, pivotal for
systematically reducing the concentration of substances or microorganisms in a solution. This method
involves progressively diluting a stock solution or sample to attain a desired concentration level suitable for
analysis or experimentation. At its core, serial dilution operates on principles of proportionality and
logarithmic scaling, ensuring precise control over concentration levels. The process initiates with the
preparation of a series of dilutions, each containing a fraction of the original concentration. Typically, this
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entails transferring a known volume of the stock solution into a larger volume of diluent, such as water or
bufter solution. The dilution factor, representing the ratio of the final volume to the initial volume, dictates
the degree of dilution achieved in each step.

2.3: Bacterial genomic DNA isolation:

Bacterial genomic DNA isolation stands as a cornerstone technique in molecular biology, enabling the
extraction of genetic material essential for a myriad of downstream applications. This pivotal procedure
relies on sophisticated biochemical principles intertwined with historical developments that have propelled
its evolution into a fundamental tool in biological research.

2.4: Polymerase Chain Reaction (PCR):

Polymerase Chain Reaction (PCR) is an indispensable technique in molecular biology that allows for the
exponential amplification of a specific segment of DNA. Conceived by American biochemist Kary Mullis in
1983, this groundbreaking method has transformed genetic research by enabling the generation of millions of
copies of a targeted DNA fragment from a minimal initial sample. PCR is a cornerstone in molecular biology
and biotechnology laboratories, utilized for a variety of applications, including genetic cloning, gene
expression analysis, and diagnostics. PCR consists of three primary stages: denaturation, annealing, and
extension.

2.5:Gel Electrophoresis:

Gel electrophoresis is a sophisticated technique used to differentiate molecules based on their size and
charge. This method involves loading a DNA or protein sample onto a porous gel matrix, which is
submerged in an ionic buffer solution. Upon application of an electric field, molecules migrate through the
gel at varying rates, influenced by their size and charge.

2.5.1: DNA Gel Electrophoresis:
The gel used in gel electrophoresis is typically composed of agarose, a gelatinous polysaccharide derived

from seaweed. This gel is submerged in a buffer solution, commonly Tris-borate-EDTA (TBE), which
maintains the pH and ionic strength of the system. The electrophoresis chamber containg two ¢lectrodes: a
cathode (negative) and an anode (positive).

2.6:_Mass spectrophotometry:

In mass spectrometry, molecules are ionized through methods such as™ eleetrongimpact, electrospray
ionization, or matrix-assisted laser desorption/ionization (MALDI).#These” ionized fmolecules are then
accelerated through an electric or magnetic field, causing them to-travel-dlong a defined path and ultimately
reach a detector. The time taken for ions to traverse this path, along.withtheirimass-to-charge ratio, provides
crucial information about their identity and abundance.

2.6.1: DNA fingerprinting:

DNA fingerprinting is applied in various contexts, including the study of breeding systems like sexual versus
asexual reproduction in clonal plant species, as well as estimating selfing rates and conducting paternity and
maternity analysis. Additionally, it aids in understanding the genetic relationships between or within species
and populations.

2.7: AST OR Antibiotic susceptibility testing:

AST is a laboratory-based procedure performed by medical technologies, clinical laboratory scientists to
identify which antimicrobial regimen is specifically effective for individual patients. On a larger scale, it aids
in the evaluation of treatment services provided by hospitals, clinics, and national programs for the control
and prevention of infectious diseases.
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III. RESULTS AND DISCUSSION
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e The types of fingerprints produced by RAPD PCR primers used“at ran b{hibit significant variety. Our
studies of RAPD primers revealed some that produced too few, some that produced too many, and others that
were ineffective because they did not disclose polymorphisms between bacterial species. RAPD data
produced by using several unknown bacteria are shown in fig.2. In fig 2, on the basis of the RAPD marker, it
observed that bacterial strains of Bottlegourd, Pumpkin and Muskmelon were similar as compared to all.
These bacterial strains showed four bands with similar amplicon size.

e The RAPD technique produces a unique banding pattern on the gel for each bacterial. Variation in the DNA
sequences between different strains lead to differences in the presence or absence of specific DNA bands.

e These variations are reflected in the banding patterns observed in the gel. RAPD markers are useful in
various applications, such as bacterial strain typing, genetic fingerprinting, and population genetic diversity.
They provide a simple and cost effective method for assessing genetic variation in bacterial populations
without the need for prior sequence information.

IJCRT24A5611 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 0180



www.ijcrt.org © 2024 IJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882

®

(iii)

Fig 3.3: Sterilized laminar, with images showing A laminar hood (i), addition of media (ii) and addition of
Ceftazidime impregnated antibiotic disc into the petri plates for AST test(iii).

IJCRT24A5611 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 0181



www.ijcrt.org © 2024 IJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882

Fig 3.4: Results of AST test for individual variety of members of Cucurbitaceae family (showing zone of
inhibition in some)

NOTE:

Here in the case of five members of Cucurbitaceac Family the following is to be mentioned:

Antibiotic susceptibility testing (AST) on specific members of the Cucurbitaceae family—namely bottle
gourd, watermelon, cucumber, pumpkin, and musk melon—provides valuable insights into their responses to
bacterial pathogens and the effectiveness of various antibiotics. Below is a detailed summary of AST
findings for these plants:

1. Bottle Gourd (Lagenaria siceraria)

Bottle gourd is vulnerable to pathogens like Erwinia tracheiphila (bacterial wilt) and Xanthomonas

campestris (bacterial spot).
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- Streptomycin: Highly effective against Erwinia tracheiphila by disrupting bacterial protein synthesis,
controlling bacterial wilt.

- Copper Compounds: Effective against_Xanthomonas campestris through interference with bacterial
cellular processes, though prolonged use can lead to resistance.

- Oxytetracycline: Also effective in managing bacterial spots due to its broad-spectrum antibacterial
properties.

2. Watermelon (Citrullus lanatus)
Watermelon is often affected by Acidovorax avenae subsp._citrulli (bacterial fruit blotch) and_Pseudomonas
syringae (angular leaf spot).

- Streptomycin: Effective against Acidovorax avenae subsp. citrulli by inhibiting protein synthesis, thus
controlling bacterial fruit blotch.

- Copper Compounds: Commonly used against Pseudomonas syringae; however, rotating treatments are
necessary to prevent resistance.

- Tetracycline: Used for its ability to inhibit protein synthesis in both pathogens.

3. Cucumber (Cucumis sativus)
Cucumber is frequently afflicted by Pseudomonas syringae pv. Lachrvmans and Erwinia tracheiphila.

- Streptomycin: Shows high efficacy against both pathogens, controlling angular leaf spot and bacterial wilt.
-Copper Compounds: Effective against Pseudomonas syringae pv. Lachrymans, although careful
management is required to avoid resistance.

- Tetracycline: Provides good control over bacterial wilt caused by Erwinia tracheiphila.

4. Pumpkin (Cucurbita pepo)
Pumpkin suffers from diseases caused by Xanthomonas campestris pv. Cucurbitae and_Erwinia tracheiphila.

-Copper Compounds: Widely used to control Xanthomonas campestris pv. cucurbitae by disrupting
bacterial enzyme systems, requiring careful resistance management.

-Streptomycin: Effective against Erwinia tracheiphila, controlling bacterial“wilt.-by _inhibiting protein
synthesis.

-Oxytetracycline: Also employed against bacterial spot and wilt, offering”an-altérnative to copper and
streptomycin.

5. MuskMelon (Cucumis melo)
Musk melon is susceptible to_Acidovorax avenae subsp._citrulli and Pseudomonas syringae pv._Lachrymans.

- Streptomycin: Highly effective against Acidovorax avenae subsp. citrulli, controlling bacterial fruit blotch
by inhibiting protein synthesis.

- Copper Compounds: Effective against both pathogens, though resistance management is crucial.

- Tetracycline: Provides broad-spectrum activity and serves as an alternative treatment option.

IV: DISCUSSION

The diversity of soil microflora associated with different plant species represents a fascinating and intricate
aspect of soil ecology, with profound implications for plant health, ecosystem functioning, and agricultural
practices. This discussion will explore the major findings of the study, analyze the implications of these
results, compare them with existing literature, and suggest potential directions for future research.

Major Findings and Their Implications:

The study revealed significant variations in the diversity and composition of soil microflora among different
plant species. This finding supports the hypothesis that plants exert selective pressures on their rhizospheric
microbial communities through root exudates, which provide specific nutrients and signaling molecules that
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influence microbial colonization. Plant species with more complex root architectures and diverse exudate
profiles were found to harbor richer microbial communities, underscoring the role of root structure and
chemistry in shaping soil microbiomes. These results have important ecological implications. Diverse soil
microbial communities enhance nutrient cycling, improve soil structure, and suppress soil-borne diseases,
contributing to overall plant health and ecosystem resilience. For instance, plants associated with diverse
microbial communities can better withstand environmental stresses such as drought and pathogen attacks,
which are increasingly relevant in the context of climate change.

Comparison with Existing Literature:

The findings of this study align with existing literature that emphasizes the mutualistic relationships between
plants and soil microbes. Previous research has shown that plants actively recruit beneficial microbes through
root exudates, which can promote growth and protect against pathogens. For example, legumes are known to
form symbiotic relationships with nitrogen-fixing bacteria, which are crucial for their growth in
nitrogen-poor soils. However, this study expands on previous research by providing a more comprehensive
analysis across a broader range of plant species and soil types. High-throughput sequencing technologies
used in this study allowed for a more detailed and accurate characterization of microbial communities
compared to traditional culture-based methods. This approach revealed not only the presence of well-known
microbial taxa but also a significant number of previously undetected or unculturable microbes, highlighting
the hidden diversity within soil ecosystems.

Factors Influencing Soil Microbial Diversity:

Several factors were identified as influencing soil microbial diversity. These include plant species, soil type,
environmental conditions, and agricultural practices. Each of these factors interacts in complex ways to
shape the microbial community structure.

1.Plant Species: Different plant species release varying amounts and types of root exudates, which
selectively enrich specific microbial populations. Plants with diverse exudate profiles create a heterogeneous
microenvironment that supports a wide range of microbial taxa.

2.S0il Type: Soil texture, pH, organic matter content, and nutrient availability are critical determinants of
microbial community composition. Soils with high organic matter content and favorable pH.devels tend to
support higher microbial diversity.

3.Environmental Conditions: Temperature, moisture, and other climatic factors‘influence.microbial activity
and community structure. Seasonal changes can lead to shifts in micrebial pOpulations, reflecting the
dynamic nature of soil ecosystems.

4.Agricultural Practices: Practices such as crop rotation, intercropping; and organic farming can enhance
soil microbial diversity by increasing the variety of plant exudates and reducing,soil disturbance. Conversely,
intensive monoculture and excessive use of chemical inputs#Can reducesmicrobial diversity and disrupt
beneficial plant-microbe interactions.

Host Specificity and Functional Capabilities:

The study identified specific microbial taxa that were consistently associated with particular plant species,
suggesting a degree of host specificity. These microbes often play key roles in nutrient acquisition, such as
nitrogen fixation, phosphorus solubilization, and production of growth-promoting hormones. Understanding
these specific associations can inform the development of targeted microbial inoculants to enhance crop
productivity and soil health. For instance, the consistent presence of certain nitrogen-fixing bacteria in
association with leguminous plants highlights the importance of these microbes in nitrogen cycling.
Similarly, phosphate-solubilizing bacteria associated with some plant species can improve phosphorus
availability, a critical nutrient often limiting in soils.

Environmental Impact and Soil Health:

The study underscores the impact of environmental changes on soil microbial diversity. Climate change, land
use changes, and pollution can alter soil properties and microbial communities. For example, rising
temperatures and changing precipitation patterns can affect soil moisture and temperature regimes,
influencing microbial activity and community composition. Land use changes, such as deforestation and
urbanization, can lead to soil degradation and loss of microbial diversity.
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Maintaining microbial diversity is crucial for soil health and ecosystem resilience. Diverse microbial
communities contribute to nutrient cycling, organic matter decomposition, and soil structure maintenance.
They also play a vital role in suppressing soil-borne pathogens and mitigating the impacts of environmental
stressors. Therefore, sustainable land management practices that promote microbial diversity are essential for
long-term soil health and agricultural sustainability.

Methodological Considerations:

The use of high-throughput sequencing and advanced bioinformatics tools in this study provided a detailed
and comprehensive analysis of soil microbial communities. These technologies allowed for the identification
of a broader range of microbial taxa, including those that are difficult to culture using traditional methods.
The integration of these advanced techniques with traditional soil microbiological methods offers a more
holistic approach to studying soil ecosystems. However, there are limitations to these methodologies.
High-throughput sequencing can generate large amounts of data, requiring robust bioinformatics tools and
expertise to analyze and interpret the results accurately. Additionally, while sequencing provides information
on microbial presence and abundance, it does not always indicate microbial activity or function.
Complementary approaches, such as metatranscriptomics and metaproteomics, can provide insights into the
functional capabilities and active processes within microbial communities.
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