ACADEMIC YEAR 2025-2026, SEMESTER - VI
STUDY MATERIAL FOR B.Sc. MICROBIOLOGY
ENVIRONMENTAL AND AGRICULTURAL MICROBIOLOGY

STUDY MATERIAL FOR B.Sc. MICOROBIOLOGY

ENVIRONMENTAL AND AGRICULTURAL MICROBIOLOGY

SEMESTER - VI

ACADEMIC YEAR 2025-26

PREPARED BY

MICROBIOLOGY DEPARTMENT

Page 1 of 112



ACADEMIC YEAR 2025-2026, SEMESTER - VI
STUDY MATERIAL FOR B.Sc. MICROBIOLOGY

ENVIRONMENTAL AND AGRICULTURAL MICROBIOLOGY

INDEX
UNIT CONTENT PAGE NO
| MICROORGANISMS AND THEIR HABITATS 03-27
I WATER POTABILITY 28- 49
Il MICROBIAL INTERACTIONS 50-75
v WASTE TREATMENT AND BIOREMEDIATION 76-94
v PLANT PATHOLOGY 95-112

Page 2 of 112



ACADEMIC YEAR 2025-2026, SEMESTER - VI
STUDY MATERIAL FOR B.Sc. MICROBIOLOGY
ENVIRONMENTAL AND AGRICULTURAL MICROBIOLOGY

UNIT -1

Microorganisms and Their Habitats

1.1 Definition

Microorganisms (microbes) are living organisms that are microscopic in size and cannot be seen
with the naked eye. They include a diverse group of organisms such as bacteria, archaea, fungi,
protozoa, algae, and viruses (often considered at the edge of living and non-living).

1.2 Major Groups of Microorganisms
a) Bacteria
e Cell type: Prokaryotic (no true nucleus)

e Structure: Cell wall (peptidoglycan), plasma membrane, cytoplasm, ribosomes, nucleoid
DNA, sometimes flagella and pili

e Nutrition: Autotrophic (photosynthetic or chemosynthetic) or heterotrophic
e |Importance: Decomposition, nitrogen fixation, fermentation, disease causation
b) Archaea
e Cell type: Prokaryotic
e Unique features: Cell walls without peptidoglycan, unique membrane lipids
e Habitats: Extreme environments (hot springs, salt lakes, anaerobic conditions)
e Importance: Biogeochemical eycles, evolutionary significance
c) Fungi
e Cell type: Eukaryotic
e Forms: Yeasts (unicellular) and molds (multicellular)
e Cell wall:Chitin
e Nutrition: Heterotrophic (saprophytic or parasitic)
e Importance: Decomposers, antibiotics (Penicillium), food production
d) Protozoa
e Cell type: Eukaryotic, unicellular
e Movement: Pseudopodia, cilia, or flagella

e Habitats: Aquatic environments, moist soil, inside hosts
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e Importance: Food chains, disease agents (Plasmodium)
e) Algae
e Cell type: Eukaryotic (some prokaryotic like cyanobacteria)
e Photosynthetic pigments: Chlorophyll
e Habitats: Freshwater, marine environments
e Importance: Primary producers, oxygen production
f) Viruses
e Nature: Acellular, obligate intracellular parasites
e Structure: Nucleic acid (DNA or RNA) enclosed in protein coat
e Importance: Diseases, genetic research, evolution
2. Habitats of Microorganisms
2.1 Soil
e Rich in nutrients and organic matter
e Contains bacteria, fungi, actinomycetes, protozoa, and algae
e Functions: Decomposition, nutrient recycling, nitrogen fixation
2.2 Aquatic Habitats
a) Freshwater (lakes, rivers, ponds)
e Microbes include’algae, protozoa, bacteria
e Important in food webs and oxygen production
b) Marine Water
e Phytoplankton (microalgae) dominate
e .. Responsible for major share of global photosynthesis
2.3 Extreme Habitats
e, Thermophiles: Hot springs
e Halophiles: Salt lakes
e Psychrophiles: Polar regions

e Acidophiles: Acidic environments
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2.4 Host-associated Habitats
e Microorganisms live on or inside plants, animals, and humans
e Some are beneficial (gut microbiota), others pathogenic

3. Ecosystem: Structure

3.1 Definition of Ecosystem

An ecosystem is a functional unit of nature where living organisms interact with each other and
with the physical environment.

3.2 Components of an Ecosystem
a) Biotic Components
1. Producers (Autotrophs)
o Green plants, algae, cyanobacteria
o Convert solar energy into chemical energy
2. Consumers (Heterotrophs)
o Primary consumers: Herbivores
o Secondary consumers:‘Carnivores feeding on herbivores
o Tertiary consumers: Top:carnivores
3. Decomposers
o Bacteria and fungi
o Break'down dead organic matter into simpler substances
b) Abiotic Components
e Sunlight

e Temperature

e Water
e Air
e Soil

e Minerals and nutrients
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4. Ecosystem: Function
4.1 Energy Flow
e Energy enters ecosystem through sunlight
e Flows from producers to consumers to decomposers
e Energy flow is unidirectional
4.2 Food Chain
e Linear sequence of organisms through which energy passes
e Example: Grass - Deer - Lion
4.3 Food Web
e Network of interconnected food chains
e Provides stability to ecosystem
4.4 Nutrient Cycling (Biogeochemical Cycles)
a) Carbon Cycle
e Movement of carbon through atmosphere, biosphere, hydrosphere, and lithosphere
b) Nitrogen Cycle
¢ Involves nitrogen fixation, nitrification, assimilation, ammonification, and denitrification
e Microorganisms play a key role
c) Phosphorus Cycle
e Circulation'of phosphorus through soil, water, and living organisms
4.5 Decomposition
e . Breakdown of dead organic matter by decomposers
e Releases nutrients back to the environment
4.6 Ecological Balance
e Maintained through interactions among organisms
e Disturbance may lead to ecosystem imbalance

5. Role of Microorganisms in Ecosystems
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e Act as decomposers
e Drive nutrient cycles
e Form symbiotic relationships
e Regulate population sizes
e Maintain soil fertility and water quality
6. Importance of Ecosystem Structure and Function
e Supports life on Earth
e Provides resources (food, water, oxygen)
e Maintains environmental stability
e Helps in sustainable development
1. Terrestrial Environment

The terrestrial environment refers to land-based ecosystems such as forests, grasslands, deserts,
and agricultural fields. Soil is the most important component of the terrestrial environment,
supporting plant growth and acting as a habitat for.a vast diversity of microorganisms.

2. Soil
2.1 Definition of Soil

Soil is the uppermost layer of the Earth’s crust formed by the weathering of rocks and the
decomposition of organic matter. It is a dynamic, living system composed of minerals, organic
matter, water, air, and living organisms.

2.2 Soil Profile

A soil profile is.a vertical'section of soil showing distinct horizontal layers called horizons, each
with specific.characteristics.

a) O-Horizon (Organic Layer)
e Topmost layer
e Rich in organic matter such as leaf litter, plant debris, and humus
e High microbial activity
e Darkin color
b) A-Horizon (Topsoil)

e Mixture of minerals and organic matter
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e Most fertile layer
e Rich in bacteria, fungi, actinomycetes, protozoa, and algae
e Important for plant roots and agriculture
c) E-Horizon (Eluviation Layer)
e Light-colored layer
e Zone of leaching (loss of minerals like iron and clay)
e Less organic matter
d) B-Horizon (Subsoil)
e Zone of accumulation (illuviation)
e Accumulates clay, iron, aluminum, and minerals
e Fewer microorganisms compared to topsoil
e) C-Horizon (Parent Material)
e Partially weathered rock fragments
e Very little biological activity
f) R-Horizon (Bedrock)
e Unweathered parent rock
e No life forms
3. Soil Microflora

3.1 Definition

Soil microflora refers to the population of microscopic plant-like organisms present in the soil,

including bacteria, fungi, actinomycetes, and algae.
3.2 Major Groups of Soil Microflora
a) Bacteria
e ““Most abundant soil microorganisms
e Shapes: cocci, bacilli, spirilla
e Perform decomposition, nitrogen fixation, nitrification, denitrification

e Examples: Rhizobium, Azotobacter, Nitrosomonas, Nitrobacter
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b) Fungi
e Second most abundant
e Include molds and yeasts
e Decompose complex organic substances like cellulose and lignin
e Form mycorrhizal associations with plant roots
e Examples: Aspergillus, Penicillium
c) Actinomycetes
e Filamentous bacteria resembling fungi
e Decompose complex organic matter
e Produce antibiotics (e.g., Streptomyces)
e Responsible for earthy smell of soil
d) Algae and Cyanobacteria
e Photosynthetic microorganisms
e Found on soil surface
e Improve soil fertility by adding organic matter
e Cyanobacteria fix atmospheric nitrogen
3.3 Importance of Soil Microflora
e Decomposition of erganic. matter
e Nutrient recycling
e Soil structure.improvement
e Nitrogen fixation
e .Suppression of soil-borne pathogens
4. Microbial Succession in Decomposition of Soil Organic Matter
4.1 Definition

Microbial succession refers to the sequential colonization and replacement of different groups of
microorganisms during the decomposition of organic matter in soil.

4.2 Stages of Decomposition and Microbial Succession
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Stage 1: Initial Colonization
e Fresh organic residues (leaves, roots, plant litter)
e Dominated by bacteria and simple sugar-degrading fungi
e Rapid utilization of soluble compounds (sugars, amino acids)
Stage 2: Active Decomposition
e Breakdown of cellulose and hemicellulose
e Fungi and actinomycetes dominate
e Increased microbial biomass and enzyme activity
Stage 3: Advanced Decomposition
e Lignin and complex polymers degraded slowly
e Lignin-degrading fungi (white-rot fungi) active
e Actinomycetes increase
Stage 4: Humification
e Formation of humus
e Stable organic compounds formed
e Reduced microbial diversity but long-term stability
Stage 5: Mineralization
e Conversion of organic nutrients into inorganic forms
e Release of CO,, NHa*, NO3™~, PO43"
e Nutrients become available to plants
5. Role of Microorganisms in Elemental Cycles in Nature
5.1 Carbon Cycle
a) Role of Microorganisms
e, Decompose organic matter and release carbon dioxide
e Participate in carbon fixation (photosynthetic microbes)
e Methanogens produce methane under anaerobic conditions

e Methanotrophs oxidize methane to CO,
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b) Steps Involving Microorganisms
e Decomposition: Bacteria and fungi convert organic carbon to CO,
e Respiration: Microbial respiration releases CO,
e Carbon Fixation: Cyanobacteria and algae fix CO, during photosynthesis
e Methanogenesis: Archaea convert organic matter to CH, in wetlands
c) Importance
e Maintains atmospheric CO, balance
e Supports food chains
e Regulates global climate
5.2 Nitrogen Cycle

Nitrogen is an essential element for proteins, nucleic acids, and-chlorophyll. Microorganisms play
a central role in making nitrogen available to living @rganisms.

a) Nitrogen Fixation
e Conversion of atmospheric nitrogen(N,).into.ammonia (NHs)
e Biological nitrogen fixation:
o Symbiotic: Rhizobium'in legume roots
o Free-living: Azotobacter, Clostridium
o Cyanobacteria: Anabaena, Nostoc
b) Ammonification
e Decomposition of organic nitrogen into ammonia
e Carried out by bacteria and fungi
c) Nitrification
e .Two-step oxidation of ammonia to nitrate
e Nitrosomonas: NH; - NO;~
e Nitrobacter: NO,” - NOs~
d) Assimilation
e Uptake of nitrate or ammonia by plants
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e Nitrogen incorporated into amino acids and proteins
e) Denitrification
e Conversion of nitrate to gaseous nitrogen (N, or N,0)
e Occurs under anaerobic conditions
e Bacteria involved: Pseudomonas, Thiobacillus
5.3 Importance of Microorganisms in Nitrogen Cycle
e Maintain nitrogen balance in nature
e Improve soil fertility
e Reduce dependence on chemical fertilizers
e Sustain agricultural productivity
6. Significance of Soil Microorganisms in Terrestrial Ecosystems
e Maintain soil health and fertility
e Support plant growth
e Regulate nutrient cycles
e Decompose organic waste
e Maintain ecological balance
Aquatic Environment

The aquatic environment includes all water-based ecosystems such as freshwater bodies (ponds,
lakes, rivers) and marine ecosystems (seas and oceans). These environments support diverse
microbial communities'that play a vital role in nutrient cycling, primary production, and ecological
balance

1. Microflora of Aquatic Environment
1.1 Freshwater Microflora
e Includes bacteria, algae, protozoa, fungi, and cyanobacteria
e Algae and cyanobacteria act as primary producers
e Bacteria and fungi decompose organic matter
e Protozoa regulate bacterial populations

1.2 Marine Microflora
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e Dominated by phytoplankton (microalgae and cyanobacteria)

e Bacteria involved in decomposition and nutrient recycling

e Archaea common in deep-sea and extreme marine conditions
2. Factors Influencing Microbial Growth in Aquatic Environments

e Temperature

e Light availability

e Nutrient concentration

e Oxygen availability

e pH and salinity

e Water movement and depth
3. Microflora of Freshwater Habitats

Freshwater habitats include ponds, lakes, rivers,_ streams, wetlands, and reservoirs. These
environments are generally low in salinity and show variations in nutrient content and oxygen
availability.

3.1 Bacteria
e Most abundant microorganisms in freshwater
¢ Involved in decomposition of organic matter
e Participate in carbon, nitrogen, and phosphorus cycles
e Examples: Pseudomonas, Bacillus, Flavobacterium
3.2 Algae
e Microscopic phytoplankton such as green algae, diatoms, and blue-green algae
e Perform photosynthesis and produce oxygen
e . Formthe base of aquatic food chains
3.3.Cyanobacteria (Blue-green algae)
e Photosynthetic prokaryotes
e Fix atmospheric nitrogen (Anabaena, Nostoc)
e Can cause algal blooms under nutrient-rich conditions

3.4 Protozoa
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e Unicellular eukaryotes such as amoeba, ciliates, and flagellates
e Feed on bacteria and algae
e Maintain microbial balance
3.5 Fungi
e Found in sediments and on decaying organic matter
e Decompose plant residues and organic debris
4. Microflora of Marine Habitats

Marine habitats include oceans, seas, estuaries, and coastal waters. These environments are
characterized by high salinity, vast depth, and stable temperature in deep waters:

4.1 Marine Bacteria
e Extremely abundant (up to millions per milliliter of seawater)
e Decompose organic matter and recycle nutrients
e Examples: Vibrio, Pseudomonas, Alteromonas
4.2 Marine Algae (Phytoplankton)
e Includes diatoms, dinoflagellates; coccolithophores
e Major primary producers in marine.ecosystems
e Responsible for a large proportion of global oxygen production
4.3 Cyanobacteria
e Examples: Prochlorococcus, Synechococcus
e Important contributors to marine primary productivity
4.4 Archaea
e Abundant in deep-sea environments
e Involved in nitrogen and carbon cycling
e “Adapted to high pressure and low temperature
4.5 Marine Protozoa and Fungi
e Protozoa form an important link in microbial food webs

e Marine fungi decompose organic matter in sediments
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5. Factors Influencing Microbial Growth in Aquatic Environments
5.1 Temperature
e Influences metabolic rate and enzyme activity
e Psychrophiles dominate cold waters
e Thermophiles found near hydrothermal vents
5.2 Light Availability
e Essential for photosynthetic microorganisms
e Decreases with depth
e Determines vertical distribution of phytoplankton
5.3 Nutrient Availability
e Availability of nitrogen, phosphorus, iron controls'microbial growth
e Nutrient-rich waters promote algal blooms
5.4 Oxygen Concentration
e Aerobic microbes dominate oxygen-rich surface waters
e Anaerobic microbes found in.sediments and deep waters
5.5 Salinity
e Major factor differentiating freshwater and marine microflora
e Halophilic microorganisms thrive in high salinity
5.6 pH
e Most aquatic microbes prefer neutral to slightly alkaline pH
e . Extreme pH limits microbial diversity
5.7 Water Depth and Pressure
e High pressure in deep oceans affects microbial physiology
e Barophilic microorganisms adapt to these conditions
5.8 Water Movement and Turbidity

e Currents and mixing distribute nutrients and microbes
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e High turbidity reduces light penetration
6. Ecological Importance of Aquatic Microflora

e Form the base of aquatic food webs

e Regulate biogeochemical cycles

e Maintain water quality

e Support fisheries and aquatic biodiversity
Atmospheric Environment

The atmosphere is the gaseous envelope surrounding the Earth and is an.important habitat and
medium for the transport of microorganisms. Microorganisms present in:the. air are collectively
called aeromicroflora. Though air does not support microbial growth for long periods, it plays a
crucial role in the dispersal of microbes.

1. Aeromicroflora (Brief)
e Aeromicroflora refers to microorganisms presentin.the air
¢ Includes bacteria, fungal spores, actinomycetes, algae, viruses, and pollen grains
e Mostly present as spores or dormantforms
2. Dispersal of Microorganisms in Air (Brief)
e Dispersed through wind, dust, aerosols, water droplets, and human activities
e Helps in spread of plant, animal, and human diseases
3. Assessment of Air Quality (Brief)
e Determination of microbial load in air
¢ Indicates cleanliness and health risk of an environment
e Important in hospitals, industries, laboratories, and public places
4. Enumeration of Microorganisms in Air & Air Sanitation (Brief)
e Microbial count expressed as CFU/m?3 of air
e Used to monitor indoor and outdoor air hygiene
e Air sanitation reduces microbial contamination
PART B: DETAILED NOTES

e Aeromicroflora
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e 5.1 Definition

Aeromicroflora refers to the population of microorganisms suspended in the atmosphere in the
form of dust particles, droplets, or aerosols.

5.2 Types of Aeromicroflora
a) Bacteria

e Mostly Gram-positive bacteria

e Present as spores or vegetative cells

e Examples: Bacillus, Micrococcus, Staphylococcus
b) Fungi

e Most dominant aeromicroflora

e Present as spores

e Examples: Aspergillus, Penicillium, Cladosporium
c) Actinomycetes

e Filamentous bacteria

e Responsible for musty odor

e Common in soil dust
d) Viruses

e Present attached to dust or droplets

e Spread through aerosols (airborne transmission)
e) Algae and Pollen

e Foundnearwater bodies and vegetation

e Causeallergies and respiratory problems
5.3 Sources.of Aeromicroflora

e Soil and dust

e Water bodies

e Plants and animals

e Human activities (talking, coughing, sneezing)
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6. Dispersal of Microorganisms in the Atmosphere
6.1 Mechanisms of Dispersal
a) Wind

e Major agent of microbial dispersal

e Carries spores and dust particles over long distances
b) Aerosols and Droplets

e Produced during sneezing, coughing, talking

e Important in disease transmission
c) Dust Particles

e Soil dust carries spores and bacteria
d) Rain and Snow

e Wash microorganisms from the atmosphere todand and water
e) Human and Animal Activities

e Movement spreads microbes indoors andoutdoors
6.2 Factors Affecting Survival in Air

e Temperature

e Humidity

e Ultraviolet radiation

e Oxygen concentration

e Nutrient.availability
7. Assessment of Air Quality

7.1 Meaning

Assessment of air quality involves measuring the number and types of microorganisms present in

the air to determine the level of contamination.
7.2 Importance
e Prevents spread of airborne diseases

e Maintains sterile conditions in hospitals and industries
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e Ensures public health and safety
7.3 Methods of Air Sampling
a) Settle Plate Method (Gravity Method)
e Nutrient agar plates exposed to air for a fixed time
e Microorganisms settle by gravity
e Simple and economical
e Semi-quantitative
b) Slit Sampler Method
e Airdrawn through a narrow slit onto agar surface
e Quantitative method
c) Sieve Air Sampler (Andersen Sampler)
e Air passed through perforated plates
e Separates particles by size
e Used in hospitals and clean rooms
d) Filtration Method
e Air passed through membrane filters
e Filter placed on culture medium
e) Impingement Method
e Air bubbledithrough liquid medium
e Suitable forwviruses
8. Enumeration of Microorganisms in Air
8.1 Definition

Enumeration refers to counting the number of viable microorganisms present in a given volume of
air.

8.2 Expression of Results

e Results expressed as Colony Forming Units (CFU) per cubic meter (m?3) of air
8.3 Factors Affecting Enumeration

e Sampling method
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e Exposure time
e Air flow rate
e Environmental conditions
9. Air Sanitation
9.1 Definition
Air sanitation refers to methods used to reduce or eliminate microbial contamination in the air.
9.2 Methods of Air Sanitation
a) Physical Methods
e Ventilation
e Filtration (HEPA filters)
e Ultraviolet (UV) radiation
b) Chemical Methods
e Aerosol disinfectants
e Formaldehyde fumigation
e Hydrogen peroxide vapors
c) Mechanical Methods
e Air conditioning systems
e Laminar airflow systems
9.3 Importance of Air Sanitation
e Reduces hospital-acquired infections
e Maintains clean-room standards
e . Ensures safety in food and pharmaceutical industries
1. Extreme Habitats

Extreme habitats are environments with physical or chemical conditions that are lethal to most
forms of life. Despite these harsh conditions, certain microorganisms called extremophiles thrive
and reproduce successfully. Extremophiles are mostly microorganisms belonging to bacteria and
archaea, though some fungi and algae are also found.

Extreme conditions include very high or low temperature, extreme pH, high salinity, high
hydrostatic pressure, high osmotic pressure, low nutrient availability, and intense radiation.
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2. Extremophiles

2.1 Definition

Extremophiles are microorganisms that grow optimally under extreme environmental conditions

where ordinary organisms (mesophiles) cannot survive.
2.2 Importance of Extremophiles
e Help understand limits of life on Earth
e Play key roles in biogeochemical cycles
e Source of industrially important enzymes (extremozymes)
e Useful in biotechnology, medicine, and astrobiology
3. Microbes Thriving at High Temperature (Thermophiles and Hyperthermophiles)
3.1 Thermophiles
e Optimal growth temperature: 45—-80°C
e Found in hot springs, compost heaps, geothermalssoils
e Mostly bacteria and archaea
Examples: Bacillus, Thermus aquaticus
3.2 Hyperthermophiles
e Optimal growth temperature: above 80°C
e Found near hydrothermal vents and volcanic areas
e Mostly archaea
Examples: Pyrolobusfumarii, Sulfolobus
3.3 Adaptations
e . Heat-stable proteins and enzymes
e =.Saturated membrane lipids
e Strong DNA-binding proteins
4. Microbes Thriving at Low Temperature (Psychrophiles and Psychrotrophs)
4.1 Psychrophiles

e Optimal growth temperature: 0—-15°C

Page 21 of 112



ACADEMIC YEAR 2025-2026, SEMESTER - VI
STUDY MATERIAL FOR B.Sc. MICROBIOLOGY

ENVIRONMENTAL AND AGRICULTURAL MICROBIOLOGY

e Found in polar regions, glaciers, deep oceans

4.2 Psychrotrophs

e Can grow at low temperatures but have higher optimum temperatures

e Important in food spoilage under refrigeration
Examples: Pseudomonas, Listeria
4.3 Adaptations
e Cold-active enzymes
e Unsaturated membrane lipids
e Antifreeze proteins
5. Microbes Thriving at Extreme pH
5.1 Acidophiles (Low pH)
e Optimal growth at pH 1-5
e Found in acid mine drainage, sulfur springs
Examples: Acidithiobacillus, Sulfolobus
5.2 Alkaliphiles (High pH)
e Optimal growth at pH 9-11
e Found in soda lakes, alkaline:soils
Examples: Bacillus alcalophilus
5.3 Adaptations
e Specialized'membrane transport systems
e Cytoplasmic pH regulation
o . Acid- or alkali-stable enzymes
6. Microbes Thriving at High Hydrostatic Pressure (Barophiles / Piezophiles)
6.1 Characteristics
e Thrive at pressures above 100 MPa
e Found in deep-sea environments and ocean trenches

Examples: Photobacterium, Shewanella
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6.2 Adaptations
e Pressure-resistant enzymes
e Flexible cell membranes
e Modified protein structures
7. Microbes Thriving at High Osmotic Pressure
7.1 Osmophiles
e Grow in environments with high sugar concentrations
e Found in honey, syrups, dried fruits
Examples: Saccharomyces, Zygosaccharomyces
7.2 Adaptations
e Accumulation of compatible solutes (glycerol, trehalose)
e Specialized membrane transport systems
8. Microbes Thriving at High Salinity (Halophiles)
8.1 Types of Halophiles
e Slight halophiles: 1-3% NaCl
e Moderate halophiles: 3—-15%.NaCl
e Extreme halophiles: 15-30% NaCl
8.2 Habitats
e Salt lakes, salt pans, saline soils
Examples: Halobacterium, Halococcus
8.3 Adaptations
e Highintracellular salt concentration
e Salt-stable proteins
e Specialized cell wall structures
9. Microbes Thriving at Low Nutrient Levels (Oligotrophs)

9.1 Definition
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Oligotrophs grow in environments with very low nutrient concentrations.
9.2 Habitats
e Deep oceans
e Clean freshwater lakes
e Subsurface soils
Examples: Caulobacter, Prochlorococcus
9.3 Adaptations
e High-affinity nutrient uptake systems
e Slow growth rates
e Efficient energy utilization
10. Ecological and Applied Significance of Extremophiles
e Decomposition and nutrient cycling in extreme ‘environments
e Production of thermostable enzymes (e.g:, Tag polymerase)
e Bioremediation of polluted and extreme sites
e Insights into origin and evolution of life
Predisposing Factors for Environmental Diseases (Brief Notes)

Environmental diseases arise dueto interactions between humans and environmental factors
such as pathogens, polluted air, water, and poor sanitation. Certain conditions increase the risk of
these diseases and are called.predisposing factors

1. Infectious Environmental Diseases
1.1 Water-borne Diseases
Examples: Cholera, Typhoid, Dysentery, Hepatitis A, Giardiasis
Predisposing Factors
e Contaminated drinking water
e Poor sanitation and sewage disposal
e Floods and water stagnation
e Lack of water treatment facilities

e Poor personal hygiene
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e Consumption of contaminated water
e Food prepared with polluted water
e Poor hand hygiene
Control Measures
e Safe drinking water supply
e Water purification (boiling, filtration, chlorination)
e Proper sewage treatment
e Public health education
e Vaccination (where applicable)
1.2 Air-borne Diseases
Examples: Tuberculosis, Influenza, COVID-19, Measles; Common cold
Predisposing Factors
e Overcrowding
e Poor ventilation
e High population density
e Low immunity and:malnutrition
e Poorindoorair quality
Spread
e Inhalation of droplets and aerosols
e .. Coughing, sneezing, talking
e Close contact with infected individuals
Control Measures
e Improved ventilation
e Use of masks

e |solation of infected individuals
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e |mmunization programs
e Public awareness
2. Pollution-related Environmental Diseases
Examples
e Respiratory diseases (asthma, bronchitis)
e Cardiovascular diseases
e Skin disorders
e Cancer
e Neurological disorders
Predisposing Factors
e Air pollution (industrial emissions, vehicle exhaust)
e Water pollution (chemical waste, heavy metals)
e Soil pollution (pesticides, solid waste)
e Noise pollution
e Occupational exposure to pollutants
Spread / Exposure
¢ Inhalation of polluted air
e Consumption of contaminated water or food
e Direct skin contact with pollutants
Control Measures
e Pollution.control technologies
e .Use of clean fuels and renewable energy
e Proper waste management
e Industrial effluent treatment
e Environmental laws and regulations
3. Environmental Protection Agency (EPA)

3.1 Definition
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The Environmental Protection Agency (EPA) is a governmental organization responsible for
protecting human health and the environment by enforcing environmental laws and regulations.

(In India, similar roles are performed by the Ministry of Environment, Forest and Climate Change —
MoEFCC and Central Pollution Control Board — CPCB.)

3.2 Role of Environmental Protection Agency

e Monitoring air, water, and soil quality

Setting environmental standards

e Controlling pollution from industries

e Enforcing environmental laws

e Promoting waste management and recycling

e Conducting environmental impact assessments (EIA)

e Creating public awareness on environmental protection

e Supporting research and sustainable development
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UNIT-1I

Water Potability: Sources and Types of Water, and Pollution

Water potability refers to the suitability of water for human consumption, which is largely
determined by its quality and the absence of harmful contaminants. Safe drinking water is
essential for maintaining public health, and various water sources can provide potable water,
though treatment and monitoring are necessary to ensure safety. Here, we’ll discuss. different
sources of water, types of water, and the pollution that affects them.

1. Water Potability

Water is considered potable (safe for drinking) when it meets specific quality:standards set by
health organizations like the World Health Organization (WHO) or national agencies (e.g., the
Environmental Protection Agency (EPA) in the U.S.). Potable water should:

e Be free from harmful microbial contamination (e.g., bacteria, viruses, and protozoa).
e Have safe levels of chemicals (e.g., heavy metals, pesticides, and nitrates).
e Be odorless, colorless, and tasteless.

Potable water is typically treated through various filtration, disinfection (e.g., chlorination, UV),
and aeration processes to remove or neutralize harmful substances.

2. Sources of Water

Water for drinking comes from natural sources (rivers, lakes, underground aquifers) and artificial
storage (reservoirs, tanks). These sources can be classified into the following types:

A. Surface Water

Surface water refers to water found in rivers, lakes, ponds, streams, and reservoirs. It is the most
common source of water for domestic, industrial, and agricultural purposes.

e Sources:
o Rivers and streams: Water flowing on the Earth's surface.
o Lakes and ponds: Water stored in depressions on the Earth’s surface.
o Reservoirs: Artificially created lakes used for storing water.
e Characteristics:
o Surface water is generally easily accessible.

o Itis more susceptible to contamination due to its exposure to external factors such
as industrial runoff, sewage, agricultural runoff, and other pollutants.
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o

Surface water typically requires extensive treatment before it becomes potable
(e.g., coagulation, sedimentation, filtration, disinfection).

e Pollution Risks:

o

o

Microbial contamination from sewage, wastewater, and agricultural runoff.
Chemical contamination (e.g., heavy metals, pesticides, industrial waste).

Nutrient pollution (e.g., excess nitrogen and phosphorus from fertilizers leading to
eutrophication).

Sediment and turbidity from soil erosion.

Oil and petroleum products from industrial spills.

B. Groundwater

Groundwater is the water that exists beneath the Earth’s surface in aquifers (porous rock or soil
layers that hold water). It is tapped through wells and boreholes.

e Sources:

©)

©)

Aquifers, which can be classified into confined and unconfined aquifers.

Springs (natural groundwater.discharge to the surface).

e Characteristics:

©)

o

Groundwater is usually lessvulnerable to contamination than surface water due to
the filtering effect of soil.and rock layers.

It tends to have high mineral content, which can affect its taste and suitability for
use without.treatment.

It is commonly used in areas where surface water is unavailable or inadequate.

e Pollution Risks:

o

Contamination from landfills: Leachate from landfills containing hazardous
substances can infiltrate into groundwater.

Agricultural runoff: Pesticides, fertilizers, and herbicides can contaminate
groundwater sources.

Industrial waste: Improper disposal of chemicals and solvents can pollute
groundwater.

Heavy metals: Toxic substances like lead, arsenic, and mercury can leach into
groundwater from industrial activities or naturally occurring sources.
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C. Stored Water

Stored water refers to water collected in tanks, cisterns, and reservoirs for future use. This
includes water that may have been treated and stored for domestic consumption, irrigation, or
industrial use.

e Characteristics:

o Stored water can be collected from rainwater harvesting or diverted from surface
water sources.

o It may be subject to evaporation and contamination if not properly maintained,
which can affect its potability.

e Pollution Risks:
o Algae growth due to stagnant conditions (especially'in warm climates).
o Microbial contamination from improper storage or exposure to animals.

o Chemical contaminants leaching from storage materials (e.g., plastic or old
concrete tanks).

o Physical contaminants (dust, debris) if storage containers are not sealed properly.
D. Distilled Water

Distilled water is water that has been purified by distillation, a process that involves boiling the
water to produce steam, and then condensing the steam back into liquid form, leaving impurities
behind.

Characteristics:

Contains very low levels of dissolved salts, minerals, and impurities.

Highly pure water, often-used in laboratories, medical equipment, and appliances like steam irons.
Pollution Risks:

Distilled'water is essentially free of pollutants once the distillation process is complete. However,
contamination can occur during the storage process if containers are not sealed or cleaned

properly:
E. Mineral Water

Mineral water is water from natural underground sources that contains a variety of dissolved
minerals like calcium, magnesium, sodium, and sulfur. It is typically bottled at the source and is
often consumed for its taste and health benefits.

e Characteristics:
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o Naturally contains dissolved minerals, which can vary by source.
o Can have a distinct taste based on mineral content.

o Often sold in bottles, though some natural mineral water is used as a source for
bottled beverages.

e Pollution Risks:

o Contamination from packaging: Bottled water can be contaminated if. plastic
containers are improperly sealed or exposed to sunlight for too long:

o Source contamination: Even natural water sources can become polluted. by nearby
industrial activities or agricultural runoff, leading to high levels of nitrate or toxic
metals.

F. Demineralized Water

Demineralized water (also known as deionized water) is water that.has been treated to remove
most of its dissolved minerals, using processes such as ion.exchange or reverse osmosis.

e Characteristics:
o Very low in minerals, making it aggressive in its ability to absorb ions from surfaces.

o Commonly used in industries, pharmaceuticals, and laboratories where purity is
required.

e Pollution Risks:

o While demineralized water is generally very pure, it can become contaminated if
stored in unclean containers or exposed to air.

o Absorption of contaminants: Demineralized water can leach ions from pipes or
containers, which could cause the water to pick up pollutants from the
environment.

3. Pollution of Water Sources

Water sources are vulnerable to pollution from various human activities, natural events, and
environmental factors. Pollution of water can have serious health implications and can affect the
entire ecosystem. The main sources of water pollution include:

A. Microbial Pollution

e Sources: Fecal matter from humans or animals (sewage, livestock waste, or septic tanks),
industrial effluents, and runoff from agricultural fields.

e Pathogens: Bacteria (e.g., E. coli, Salmonella), viruses (e.g., Enterovirus, Norovirus),
protozoa (e.g., Giardia, Cryptosporidium), and parasites.
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e Health Risks: Can lead to diarrheal diseases, gastrointestinal infections, hepatitis, and
other waterborne diseases.

B. Chemical Pollution

e Sources: Industrial discharge, agricultural runoff (pesticides and fertilizers), mining
activities, and untreated sewage.

e Common Pollutants: Heavy metals (e.g., lead, arsenic), organic chemicals (e.g.; pesticides,
pharmaceuticals), and toxic substances (e.g., solvents, chlorinated compounds).

e Health Risks: Can lead to cancer, neurological disorders, and kidney or liver damage.
C. Nutrient Pollution

e Sources: Agricultural runoff containing excess nutrients (e.g., nitrates, phosphates) from
fertilizers and animal manure.

e Consequences: Leads to eutrophication, which causes algal bleoms and reduces dissolved
oxygen in water, harming aquatic life.

D. Physical Pollution
e Sources: Sediments from construction activities, soil erosion, and stormwater runoff.

e Consequences: Turbidity (cloudiness).reduces light penetration, affecting aquatic plant
growth, and can clog fish gills.

E. Thermal Pollution

e Sources: Discharge of heated water from power plants, factories, and other industrial
processes.

e Consequences: Increased water temperature can reduce oxygen levels, affecting aquatic
organisms like fish.

Biological Indicators of Water Pollution & Eutrophication

Biological.indicators are organisms or groups of organisms used to assess the quality of water.
These organisms are sensitive to specific environmental changes, so their presence, absence, or
abundance. can provide valuable information about the pollution level and health of aquatic
ecosystems. Additionally, eutrophication is a major environmental issue in water bodies that is
often assessed through biological indicators. Below are detailed notes on these concepts:

1. Biological Indicators of Water Pollution

Biological indicators, also known as bioindicators, are used to monitor and assess water quality.
These organisms are sensitive to changes in their environment and can help us understand the
pollution status of a water body.
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A. Types of Biological Indicators
1. Benthic Organisms (Organisms living on or in the sediment)
e Invertebrates (e.g., mayflies, caddisflies, water beetles, mollusks)
e Fish species (e.g., trout, salmon are sensitive to pollution)
e Periphyton (algae and microorganisms attached to surfaces)
e Benthic Macroinvertebrates (e.g., aquatic insects, worms, snails):

e These organisms are often used as bioindicators because they are directly affected
by the water quality and can be easily sampled.

e Sensitivity: Some benthic organisms are very sensitive to pollution (e.g., mayflies),
while others are more tolerant (e.g., bloodworms, oligochaetes).

e Key Indicator Groups:
o Ephemeroptera (mayflies): Sensitive:.to oxygen levels and organic pollution.
o Plecoptera (stoneflies): Indicate clean, well-oxygenated water.
o Trichoptera (caddisflies): Found in clean waters but tolerate some pollution.
o Diptera (midges): Often.abundant in polluted waters with low oxygen.

e Bioassessment using benthic macroinvertebrates is based on the pollution tolerance and
diversity of species. A higher diversity-of species generally indicates better water quality.

Fish Species

e Fish are excellentiindicators because they are top predators in the food chain and reflect
the cumulative impacts.of water pollution.

e Fish species vary in‘their sensitivity to pollutants. For example, salmon and trout are highly
sensitive to temperature changes, pollutants, and low dissolved oxygen, whereas carp and
catfish are more tolerant to pollution.

o Fish kills are often a sign of serious pollution, especially if caused by oxygen depletion or
toxic chemicals.

Algae-and Phytoplankton

e Algae are primary producers in aquatic ecosystems and are sensitive to nutrient levels,
especially nitrogen and phosphorus.

e Phytoplankton (microscopic algae) are often used to monitor eutrophication and nutrient
pollution.
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The algal bloom caused by excessive nutrients (eutrophication) can indicate a high level of
pollution and oxygen depletion. Certain types of algae, such as blue-green algae
(cyanobacteria), can also produce toxins, further indicating water quality problems.

Aquatic Plants

Aquatic plants, like macrophytes, are good indicators of nutrient levels, water clarity, and
pollution. Plants that are sensitive to changes in nutrient availability (e.g., water lilies,
duckweed) can provide information on pollution levels.

Water quality changes (e.g., nutrient enrichment or sedimentation) can alter plant.growth
patterns, species diversity, and overall health of aquatic vegetation.

Microorganisms

Fecal coliforms and Escherichia coli (E. coli) are common-microbial indicators of fecal
contamination. These bacteria are typically present in the intestines of warm-blooded
animals, and their presence in water suggests that it has been contaminated with fecal
matter, which could contain harmful pathogens.

Total coliforms are another group of bacteria.commonly used to assess microbial pollution.

Pathogenic organisms such as Giardia, Cryptosporidium, and Vibrio cholerae can be
tracked through PCR and other molecular. methods, helping to assess the risk of
waterborne diseases.

B. Biological Indicators of Eutrophication

Eutrophication is a process driven byt excessive nutrient enrichment, particularly nitrogen and
phosphorus, which can lead to oxygen depletion, loss of biodiversity, and the degradation of
water quality. Several biologicalindicators help assess the extent of eutrophication:

1. Phytoplankton

Algal blooms, often caused by excessive nitrogen and phosphorus, are a primary indicator
of eutrophication. These blooms can lead to hypoxia (low oxygen) or anoxia (complete lack
of oxygen), which harms aquatic life.

Cyanobacteria (blue-green algae) are particularly problematic because they can produce
harmful toxins that affect both aquatic life and human health. The presence of
cyanobacteria is a common sign of nutrient overload.

Chlorophyll-a concentration: An increase in chlorophyll-a concentration can indicate higher
phytoplankton biomass and potential eutrophication.
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2. Benthic Invertebrates

e As eutrophication progresses, the benthic community shifts. Oxygen-sensitive species like
mayflies, stoneflies, and caddisflies are replaced by more pollution-tolerant species, such
as bloodwormes, leech larvae, and oligochaetes (segmented worms).

e A decline in species diversity and the presence of pollution-tolerant species are common
indicators of eutrophication.

3. Fish Communities

e Eutrophication can reduce dissolved oxygen levels, which affects fish populations. Fish
species that require high oxygen levels, such as salmonids (e.g., salmonand trout), may be
replaced by more tolerant species like carp and catfish.

e Fish kills can occur in eutrophic waters when oxygen levels.drop too low, especially during
the summer months when warm temperatures and high nutrient levels exacerbate oxygen
depletion.

2. Eutrophication

Eutrophication is the process of nutrient enrichment in aswater body, leading to increased plant
and algal growth and the depletion of oxygen. This process is mainly driven by excess nitrogen (N)
and phosphorus (P), often originating from agricultural runoff, wastewater discharge, and
industrial effluents.

A. Stages of Eutrophication
1. Initial Stage:

e Low levels of nutrients in the water lead to relatively low productivity. The ecosystem is
balanced with moderate algal growth, which supports a variety of aquatic organisms.

2. Moderate Eutrophication:

e Nutrient concentrations increase, leading to a rise in phytoplankton (algae) populations.
This can cause water to become turbid (cloudy) and result in lower light penetration,
which can'‘harm submerged aquatic plants.

3. Advanced Eutrophication:

e Algal blooms become more frequent and intense. The growth of cyanobacteria (blue-green
algae) is common, and the water becomes hypoxic (low in oxygen) or even anoxic (without
oxygen) in extreme cases.

e The decomposition of excessive organic matter by bacteria consumes large amounts of
oxygen, which can result in the death of fish and other aquatic organisms.
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4. Severe Eutrophication:

e The water body can become largely devoid of oxygen, with large areas suffering from dead
zones. Only the most tolerant species of fish and invertebrates may survive, leading to a
loss of biodiversity.

B. Causes of Eutrophication
1. Nutrient Overload:

e Agricultural Runoff: Excess fertilizers containing nitrogen and phosphorus_ are washed into
water bodies during rainfall. Livestock waste can also contribute nutrients.

e Wastewater: Untreated or inadequately treated sewage and industrial effluents release
nutrients like nitrogen (from ammonia) and phosphorus (from .detergents and
phosphates).

e Urban Runoff: Urban areas contribute nutrients through runoff from roads, lawns, and
waste disposal.

2. Pollution from Fossil Fuels:

e Nitrogen Oxides (NOx) from vehicle emissions. and industrial combustion can deposit onto
water bodies, contributing to nutrient enrichment.

3. Natural Sources:

e In some cases, natural sources such as decaying plant and animal matter can contribute to
nutrient loading, but human activity has significantly accelerated the process.

C. Effects of Eutrophication
1. Decreased Oxygen Levels:

e As algae die and decay, bacteria decompose them, consuming large amounts of oxygen in
the process. This leads to hypoxia or anoxia, which causes fish kills and the death of other
aerobic organisms.

2. Loss of Biodiversity:

e . Oxygen depletion and changes in water quality favor pollution-tolerant species and lead to
the decline of more sensitive organisms like trout, salmon, and mayflies.

3.Toxicity:

e Some algal blooms, especially those dominated by cyanobacteria, can produce toxic
substances (e.g., microcystins) that pose risks to aquatic life, animals, and humans who
consume contaminated water or fish.
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4. Water Quality Deterioration:

e Eutrophication leads to poor water quality, characterized by reduced clarity, odor
problems, and an increased likelihood of waterborne diseases due to increased microbial
activity.

1. Conventional Bacteriological Standards of Water Quality

e Waterborne Diseases: Contaminated water can lead to diseases like cholera; typhoid,
dysentery, and hepatitis, which are caused by bacteria, viruses, and protozoa. These
pathogens are often found in water that has been contaminated by human or.animal
waste.

e Indicator Organisms: The presence of coliform bacteria is used as an indirect indicator of
contamination because:

o They are typically present in feces.

o They are easy to detect.

o Their survival in water is similar to that of many pathogenic organisms.
e E. coli (Fecal Coliform):

o A specific member of the coliform group, E. coli is generally considered a more
reliable indicator of fecal.contamination and is strongly correlated with the
presence of enteric pathagens like Salmonella and Vibrio cholerae.

o WHO and many national guidelines recommend that E. coli should be absent from
drinking water in 2 200.mL sample.

e Monitoring: In developed nations, most drinking water is treated (via chlorination,
filtration, or UV), but.monitoring continues to ensure safety. In developing countries,
untreated water may be tested more frequently, especially in rural or peri-urban areas.

2. MPN (Most Probable Number)
e Theory Behind MPN:

o. The MPN method is based on statistical probability. You perform serial dilutions of
the sample and inoculate the dilutions into growth media. Each sample may show
growth (e.g., gas production) or no growth.

o The number of positive growth tubes/wells is then used to estimate the most likely
concentration of coliforms or other bacteria in the sample.
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e Procedure:

o Presumptive Phase: In this initial step, you inoculate three sets of tubes with
different volumes of the water sample (typically 10 mL, 1 mL, and 0.1 mL). If gas is
produced, it indicates fermentation, which suggests the presence of coliforms.

o Confirmed Phase: A portion from the positive presumptive tubes is transferred to a
selective medium (e.g., BGLB broth) to confirm the presence of coliforms.

o Completed Phase: A further test to isolate colonies on solid media (like MacConkey
agar) to confirm the presence of coliforms.

e Statistical Tables: Once the number of positive tests is counted, an MPN table is used to
estimate the number of bacteria per 100 mL of water. This table was developed based on
large datasets that correlate the number of positive results with the most probable
bacterial count.

e Limitations of MPN:

o Estimate: MPN provides only an estimate .of bacteria concentration and not a
precise count.

o Not ideal for high-purity water: In.very clean water, the statistical estimation can
be imprecise, and the method-may not be sensitive enough for low concentrations.

3. Coliform Test
e Types of Coliforms:

o Total Coliforms: Abroad group of bacteria found in the environment, soil, and in
the intestines of warm-blooded animals. Not all total coliforms are harmful, but
their presence indicates contamination.

o Fecal Coliforms: These are coliform bacteria that grow at 44.5°C, a characteristic
that distinguishes them from other coliforms. Fecal coliforms are more closely
associated with human or animal waste.

o E. coli: A specific strain of fecal coliform that is directly associated with fecal
contamination. Its presence indicates that other potentially harmful pathogens
may be present.

e Test Methods:

o Presumptive Test: This test uses a lactose broth to detect gas production. If gas
forms in a Durham tube after incubation, it suggests the presence of coliform
bacteria.
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Confirmed Test: In this step, a more selective medium like Brilliant Green Lactose
Bile (BGLB) broth is used to confirm coliform presence. If gas forms in BGLB, it
confirms the presence of coliforms.

Completed Test: The final confirmation step involves culturing bacteria on agar
(e.g., Endo agar or MacConkey agar) and looking for colony characteristics typical
of coliforms, such as the pink, lactose-fermenting colonies.

e Fecal Coliforms & E. coli Testing:

o The presence of E. coli in a water sample is a strong indicator..of fecal

contamination, and therefore it is the most concerning type of bacteria when
assessing water quality.

4. Membrane Filtration Method

e Principle: The membrane filtration (MF) method is an advanced and more precise method
for detecting bacteria. It involves passing a water sample through a membrane filter with
pores small enough (0.45 um) to trap bacteria.

e Detailed Procedure:

1.

Filtration: A known volume of water (usually 100 mL or less) is passed through a
membrane filter.

Incubation: The membrane filteris placed on a selective agar medium (like m-Endo
agar or MacConkey agar). These agars are designed to promote the growth of
coliforms while inhibiting other microorganisms.

Colony Growth: After.incubating the filter at a specific temperature (usually 35°C
for 24 hours), colonies will grow. Coliform colonies typically appear reddish or
yellowish on selective media due to lactose fermentation.

Colony. Counting: The colonies are counted, and the result is reported as the
number of coliforms (usually expressed as colonies per 100 mL of sample).

e Advantages:

More Accurate than MPN: It provides an actual count of bacteria, not just an
estimate.

Rapid: Results can be obtained within 24-48 hours.

Specific: Can differentiate between total coliforms and fecal coliforms (E. coli) using
selective media.
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e Disadvantages:

e Labor-intensive: The procedure requires careful handling of the filter and agar
plates, making it more labor-intensive than MPN.

e Requires specialized equipment: You need a membrane filter apparatus,
incubators, and selective media.

e Limited to small sample sizes: For large volumes of water, the MF method may not
be as practical due to the filtration capacity.

Comparing the Methods (Summary)
e MPN vs. Membrane Filtration:

e MPN is an estimation method based on statistical probabilities and is simpler to use
with fewer resources.

e Membrane Filtration gives a direct count of bacteria and‘is more precise, especially
when high accuracy is required. It's more. suitable for smaller sample sizes and
provides more reliable results.

e Coliform Tests vs. E. coli Testing:

o A general coliform test checks:for a broad range of coliform bacteria, while E. coli
testing specifically targets'the fecal contamination indicator, which is critical for
assessing human health risks.

1. BOD (Biochemical Oxygen Demand)
Definition:

e Biochemical Oxygen-Demand (BOD) is a measure of the amount of oxygen consumed by
microorganisms (mainly bacteria) as they break down organic matter in water. It indicates
the degree of organic pollution in water.

e BOD'is.usedto assess the pollution load of water, specifically how much oxygen is required
to.decompose organic substances under aerobic conditions.

Principle:

e Microbial activity: When organic material (like sewage or waste) is present in water,
bacteria use oxygen to break it down (oxidize it) into simpler compounds (like carbon
dioxide and water).

e The oxygen consumed during this microbial degradation is measured and reported as BOD.
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e A high BOD value indicates that the water contains a significant amount of organic
material, which requires more oxygen for microbial decomposition, and this can lead to
oxygen depletion in water bodies, harming aquatic life.

Procedure:
1. Sampling: A water sample is collected, and its initial oxygen concentration is measured.
2. Incubation: The sample is incubated at 20°C for 5 days (known as BODs, BOD over5 days).
3. Oxygen Consumption: After 5 days, the oxygen content is measured again.

4. Calculation: The difference between the initial and final oxygen levels:is the BOD value (in
mg/L), which represents the amount of oxygen consumed during the decomposition of
organic material.

BOD=Initial DO-Final DO\text{BOD} = \text{Initial DO} - \text{Final/DO}BOD=lnitial DO-Final DO
Where:
e DO (Dissolved Oxygen) is the oxygen content in the water sample.

e BODs is the most common measure, but BOD can. be tested over different periods (e.g.,
BOD;s for 3 days).

Significance of BOD:

e High BOD: Indicates significant pollution from organic matter, and can lead to oxygen
depletion, which harms aquatic organisms (fish, plants, etc.).

e Low BOD: Suggests that the water contains less organic material and is generally of better
quality for aquatic life.

Standard BOD Values:

e Unpolluted water::BODs is usually around 1-2 mg/L.

e Moderately polluted water: BODs between 3—-5 mg/L.

e Highly polluted water: BODs values of 10 mg/L or more.

e . Sewage-contaminated water: Can have BODs values of 200 mg/L or higher.
Limitations of BOD:

e Time-consuming: The 5-day incubation period is long, which can delay results.

e Not suitable for all types of waste: BOD doesn't account for all pollutants, especially non-
biodegradable or toxic chemicals.
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e Temperature-sensitive: BOD values can vary with temperature, so consistent conditions
are needed.

e Microbial Variability: BOD depends on the type and efficiency of microorganisms in the
sample, which may not be consistent.

2. COD (Chemical Oxygen Demand)
Definition:

e Chemical Oxygen Demand (COD) is a measure of the amount of oxygen required to
chemically oxidize organic and inorganic substances in water using a strong oxidizing
agent, typically dichromate in an acidic solution.

e Unlike BOD, which only measures biodegradable organic matter, COD>measures both
biodegradable and non-biodegradable organic matter, -as well as some inorganic
compounds that may consume oxygen.

Principle:

e COD is measured by adding a strong oxidizing.agent-(usually potassium dichromate,
K2Cr,05) to the sample, which oxidizes organic matter. The amount of oxygen required for
this oxidation is then determined by measuring the.amount of remaining dichromate.

e COD is often higher than BOD because it:also includes the oxidation of non-biodegradable
substances like detergents, plastics, and chemicals, which BOD does not measure.

Procedure:

1. Sample Preparation: A known volume of water sample is mixed with excess potassium
dichromate (K,Cr,07) in. an acidic solution (typically sulfuric acid).

2. Oxidation: The mixture. is heated under reflux (usually for 2 hours) to ensure complete
oxidation of organic and inorganic matter.

3. Titration: After cooling, the remaining unreacted dichromate is titrated with a reducing
agent (usually ferrous ammonium sulfate or sodium thiosulfate).

4. Calculation: The COD value is calculated from the amount of dichromate consumed during
the oxidation process.

COD=(V1-V2)xNx8000Vsample\text{COD} = \frac{(V.1 - V_2) \times N \times
8000H{V_{\text{sample}}}COD=Vsample(V1-V2)xNx8000

Where:
e V1V_1V1 = Volume of titrant used for the blank.

e V2V_2V2 =Volume of titrant used for the sample.
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NNN = Normality of the titrant.

VsampleV_{\text{sample}}Vsample = Volume of the sample.

8000 is a constant that converts the volume of titrant used into milligrams of oxygen per
liter (mg/L).

Significance of COD:

High COD: Indicates that there are significant amounts of organic matter (including non-
biodegradable substances) in the water, suggesting a high level of pollution. A very high
COD can deplete oxygen levels in receiving water bodies and disrupt aguatic.ecosystems.

Low COD: Indicates lower pollution and a cleaner water source, as fewer substances
require oxidation.

Standard COD Values:

Clean water: COD is usually less than 10 mg/L.
Moderately polluted water: COD ranges from 10—100 mg/L.
Highly polluted water: COD can be 200 mg/L or higher.

Sewage effluent: Can have COD values above 500 mg/L, depending on the amount of
organic and inorganic pollutants.

Advantages of COD over BOD:

Faster results: Unlike BOD, which requires 5 days of incubation, COD can be completed in a
few hours.

Measures all pollutants: COD includes both biodegradable and non-biodegradable organic
matter, as well as some inorganic substances, making it a more comprehensive measure of
pollution.

No microbial dependency: Since it uses a chemical reagent (potassium dichromate), COD is
not affected by microbial activity, making it more stable and reproducible.

Limitations of COD:

Does not measure biological degradability: Unlike BOD, COD does not provide information
about the biodegradability of the pollutants.

Chemical interference: Some chemicals in the sample (e.g., chlorides, nitrites) can interfere
with the titration and lead to inaccurate results.

Does not distinguish between organic and inorganic substances: COD measures the total
oxygen demand, regardless of whether the substances are organic or inorganic.
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Comparison of BOD and COD

Characteristic

Definition

Scope

Test Duration

Suitability

Sensitivity

Result
Interpretation

Typical Values

BOD

Oxygen consumed by microorganisms
to biodegrade organic matter.

Measures
matter.

biodegradable  organic

5 days (BODs), time-consuming.

Used to assess pollution in natural
waters and sewage treatment.

Sensitive to biodegradable organic
matter only.

Indicates the impact on
depletion and aquatic life.

oxygen

Ranges from 1 mg/L (clean) to.several
hundred mg/L (polluted).

cob

Oxygen consumed to chemically
oxidize both organic and inorganic
compounds.

Measures both biodegradable “and
non-biodegradable matter.

2-3 hours, faster result.

Used to assess total organic pollution

and effluents, “.especially non-
biodegradable substances.

Sensitive. to , both organic and
inorganic pollutants.

Indicates total oxygen demand,
including non-biodegradable
substances.

Typically ranges from 10 mg/L (clean)
to several thousand mg/L (polluted).

Advanced Molecular Methods for Water Analysis

Molecular techniques have revolutionized the way we monitor and analyze water quality. These
methods are highly sensitive; specific, and often faster than traditional techniques like culturing or
chemical analysis. They enable the detection and quantification of microorganisms (e.g., bacteria,
viruses, and protozoa), contaminants, and pollutants in water at much lower concentrations. Here
are detailed notes on'the main advanced molecular methods used for water analysis:

1. Polymerase Chain Reaction (PCR)
Definition:

e Polymerase Chain Reaction (PCR) is a molecular biology technique used to amplify and
replicate a specific segment of DNA or RNA. This allows for the detection of specific
microorganisms or pathogens in water, even at very low concentrations.

Principle:
e PCR amplifies the target genetic material (DNA/RNA) of interest, making it detectable by

amplifying it many times.
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In the context of water analysis, PCR is used to detect specific bacteria, viruses, or other
pathogens by targeting unique genetic markers present in their DNA or RNA.

Applications:

Pathogen Detection: PCR can be used to detect specific pathogens like Escherichia coli (E.
coli), Salmonella, Cryptosporidium, Giardia, Norovirus, and Enterococcus.

Quantification of Microorganisms: PCR can quantify the target microorganisms-based on
the number of amplified DNA copies.

Gene-specific PCR: Allows for the detection of specific genes that are unique to certain
pathogens, making PCR highly specific and sensitive.

Types of PCR:

1.

Conventional PCR: Amplifies DNA but requires electrophoresis or.other detection methods
to visualize the results.

2. Quantitative PCR (qPCR): Also known as Real-time:PCR;it'measures the quantity of DNA in
real-time as amplification occurs.

3. Reverse Transcription PCR (RT-PCR): Used for detecting RNA-based viruses, where RNA is
first reverse transcribed into DNA before amplification (e.g., detecting RNA viruses like
Hepatitis C or Coronaviruses).

4. Multiplex PCR: Simultaneously' detects multiple pathogens in one reaction by using
different primer sets for each pathogen.

Advantages:

e High Sensitivity: Can detect microorganisms at very low concentrations (even a single cell).

e Specificity: PCR can target specific genes or genetic sequences, allowing detection of a
specific pathogen'or microorganism.

e Quantification: Can provide quantitative results (e.g., estimating the number of cells in a
sample).

Limitations:

Contamination: PCR is highly sensitive and can easily be contaminated, leading to false
positives.

Cost: PCR equipment, reagents, and skilled personnel make it more expensive than
traditional methods.

Complexity: Requires a solid understanding of molecular techniques and sample
preparation.
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2. DNA Sequencing (Next-Generation Sequencing - NGS)
Definition:

e Next-Generation Sequencing (NGS) is an advanced technique for sequencing DNA and RNA
that provides high-throughput, rapid, and detailed analysis of microbial communities in
environmental samples, including water.

Principle:

e NGS involves sequencing entire genomes or specific regions of DNA (e.g:, the 16S rRNA
gene for bacteria) from a sample, allowing for comprehensive microbial identification and
diversity profiling.

e In water analysis, NGS is used to identify all microbial species‘present in-a water sample
without the need for culturing.

Applications:

e Metagenomics: Allows for the analysis of microbial.communities in water samples. It helps
identify both known and novel pathogens, as well.as non-culturable organisms.

e Microbial Diversity Studies: Provides insights inte the composition and diversity of
microbial populations in water.

e Pathogen Detection: NGS can detect pathogens (e.g., Cryptosporidium, E. coli, Legionella)
and monitor changes in microbial communities in response to environmental factors or
pollution.

Advantages:

e Comprehensive: Provides a broad view of the entire microbial community, including
bacteria, viruses, and fungi.

e High Throughput: Can process large volumes of samples quickly.

e Unbiased Detection: Can identify unknown or non-culturable organisms that traditional
methods might miss.

Limitations:

e Complex Data Analysis: NGS generates large amounts of data that require sophisticated
bioinformatics tools and expertise to analyze.

e Cost: Still relatively expensive, especially for high-throughput sequencing.

e Short Reads: The length of DNA sequences obtained can be short, making it difficult to
fully assemble genomes for some organisms.
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3. Fluorescence In Situ Hybridization (FISH)
Definition:

e Fluorescence In Situ Hybridization (FISH) is a molecular technique used to detect and
localize specific nucleic acid sequences (DNA or RNA) within intact cells. It uses
fluorescently labeled probes that bind to the target sequences, allowing for visualization
under a fluorescence microscope.

Principle:

e FISH utilizes a fluorescently labeled probe that is complementary to a specific sequence in
the target organism's DNA or RNA. When the probe binds to the target, it emits
fluorescence that can be detected and quantified.

Applications:

e Microbial Identification: Used to detect specific microorganisms (e.g., pathogens like E.
coli, Salmonella) in water samples.

e Quantification of Microorganisms: The number. of fluorescently labeled cells can be
counted to estimate the concentration of the target microorganism in a water sample.

e Viability Testing: FISH can distinguish between live and dead cells based on the integrity of
their genetic material.

Advantages:
e Highly Specific: Detects microoerganisms based on their unique genetic markers.
e Quantitative: Allows for the enumeration of target organisms directly in the sample.

e Simultaneous Detection: Multiple probes can be used to detect different species in one
sample, making it possible to analyze complex microbial communities.

Limitations:
e Labor-Intensive: Requires careful sample preparation and microscopy.

e Probe Development: Requires specific probes for each target organism, which may be
costly and time-consuming to develop.

4. Loop-Mediated Isothermal Amplification (LAMP)
Definition:

e Loop-Mediated Isothermal Amplification (LAMP) is a molecular method for amplifying DNA
at a constant temperature (no need for a thermal cycler). It is simpler and faster than PCR
and can be used for on-site water testing.

Page 47 of 112



ACADEMIC YEAR 2025-2026, SEMESTER - VI
STUDY MATERIAL FOR B.Sc. MICROBIOLOGY
ENVIRONMENTAL AND AGRICULTURAL MICROBIOLOGY

Principle:

e LAMP uses a set of specially designed primers that bind to a target DNA region and amplify
it at an isothermal temperature (usually 60—65°C). The reaction produces a large amount
of DNA, which can be detected through turbidity, color changes, or fluorescence.

Applications:

e Pathogen Detection: LAMP is used to detect pathogens like E. coli, Salmonella,-and Vibrio
cholerae in water.

e Rapid Field Testing: Because LAMP does not require thermal cycling, it isiwell-suited for
rapid testing in field conditions without specialized equipment.

Advantages:
e Speed: LAMP can provide results in less than 1 hour, much/fasterithan PCR.

e No Need for Expensive Equipment: Can be performed with basic equipment like a water
bath, making it ideal for field applications.

e High Sensitivity: Can detect low concentrations of pathogens.
Limitations:
e Specificity: Requires carefully designed primers, and cross-reactivity can be an issue.

e Detection Method: The method of detecting the amplification product (e.g., color change,
turbidity) may not be as sensitive orquantitative as PCR-based methods.

5. Digital PCR (dPCR)
Definition:

e Digital PCR(dPCR) is an advanced method of PCR that allows for the absolute
quantification.of DNA without the need for a standard curve. It partitions the sample into
thousands of individual reactions, counting how many of them are positive for the target
DNA.

Principle:

e The sample is split into many tiny droplets or wells, and PCR amplification occurs in each
droplet. The number of positive reactions is counted to determine the exact number of
target DNA molecules in the sample.

Applications:

e Quantification of Pathogens: dPCR can accurately quantify the number of pathogens (e.g.,
E. coli, Legionella) in a water sample.
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e Detection of Rare Targets: dPCR is particularly useful for detecting rare or low-abundance
targets in complex water samples, like environmental DNA (eDNA) from aquatic species or
pathogens.

Advantages:
e Highly Accurate: Provides absolute quantification of target DNA.

e No Need for Calibration Curves: Unlike traditional PCR, dPCR does not require-the use of
standard curves for quantification.

e Increased Sensitivity: Highly sensitive and can detect low numbers of target molecules.
Limitations:
e Expensive: Requires specialized equipment and reagents, making it costly.

e Labor-Intensive: Requires precise sample partitioning and careful data analysis.
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UNIT -1l

Microbial Interactions

Rhizosphere Microflora

The rhizosphere microflora refers to the diverse group of microorganisms inhabiting the soil
region influenced by plant roots. This region is biologically very active due to the continuous
release of root exudates such as sugars, amino acids, organic acids, enzymes, vitamins, and
growth substances. These exudates serve as energy sources for microorganisms, resulting in
microbial populations that are much higher in the rhizosphere than in bulk soil. The.major groups
of rhizosphere microflora include bacteria (Rhizobium, Pseudomonas, Azotobacter), fungi
(mycorrhizae, Aspergillus, Penicillium), actinomycetes, algae, and protozoa.. Rhizosphere
microorganisms play a key role in nutrient mineralization, nitrogen. fixation, phosphate
solubilization, production of plant growth—promoting substances;and suppression of soil-borne
pathogens. Thus, rhizosphere microflora significantly influences' plant health, soil fertility, and
crop productivity.

2. Concept of Nitrogen Fixation

Nitrogen fixation is the biological conversion of inert.atmospheric nitrogen (N,) into ammonia
(NHs), which can be utilized by plants. Atmospheric nitrogen constitutes about 78% of air but
cannot be directly absorbed by plants. Nitrogen fixation is mainly carried out by prokaryotic
microorganisms using the nitrogenase enzyme complex. This enzyme is highly sensitive to oxygen
and requires a large amount of energy in the form of ATP. Biological nitrogen fixation is
ecologically important as it enriches soil nitrogen naturally and reduces dependence on chemical
nitrogen fertilizers. Fixed nitrogen is later transformed into nitrates and ammonium ions through
nitrification and mineralization processes, making it available to plants.

3. Symbiotic Nitrogen Fixers

Symbiotic nitrogen fixation involves a close and specific association between nitrogen-fixing
microorganisms and higher plants, in which both partners benefit. The best-known example is the
symbiosis between Rhizobium species and leguminous plants. The bacteria infect root hairs,
leading .to the formation of root nodules. Inside the nodules, Rhizobium differentiates into
bacteroids. that fix atmospheric nitrogen into ammonia. The plant supplies carbohydrates,
minerals, and a low-oxygen environment through leghemoglobin. This association significantly
improves soil fertility and is of great importance in agriculture, particularly in legume cultivation.

4. Asymbiotic Nitrogen Fixers

Asymbiotic or free-living nitrogen fixers are microorganisms that fix atmospheric nitrogen without
forming any association with plants. These include aerobic bacteria such as Azotobacter,
anaerobic bacteria like Clostridium, and photosynthetic cyanobacteria such as Anabaena and
Nostoc. Although the quantity of nitrogen fixed by these organisms is comparatively lower than
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symbiotic fixers, they contribute continuously to soil nitrogen levels. Cyanobacteria are especially
important in rice fields, where they improve nitrogen content and soil organic matter.

5. Microbial Interactions

Microbial interactions describe the various relationships that occur among microorganisms living
together in the same habitat. These interactions determine the structure and function of
microbial communities. They may be beneficial, harmful, or neutral and influence nutrient cycling,
population control, and ecosystem stability. In soil and plant environments, microbial/interactions
play an important role in plant growth promotion, disease suppression, and_organic matter
decomposition. Understanding microbial interactions is essential for effective use of biofertilizers
and biocontrol agents.

6. Symbiosis

Symbiosis is a mutually beneficial association between two different.organisms living in close
contact. In microbial symbiosis, both organisms benefit by exchanging nutrients or services. For
example, in the Rhizobium—legume symbiosis, bacteria fix nitrogen while the plant provides food
and shelter. Symbiosis enhances survival and efficiency of both partners and plays a major role in
maintaining ecological balance.

7. Neutralism

Neutralism refers to a type of interaction "where two microorganisms coexist in the same
environment without affecting each other..Neither organism gains nor loses any benefit. This
interaction is rare and difficult to establish experimentally, as subtle effects may exist. Neutralism
generally occurs when microorganisms occupy different ecological niches and utilize different
resources.

8. Commensalism

Commensalism is an-interaction in which one microorganism benefits while the other remains
unaffected. In soil ecosystems, commensalism often occurs when one microorganism uses the
metabolic by-products. of another organism. This interaction allows efficient utilization of
nutrients and supports microbial diversity.

9. Competition

Competition is a negative interaction where two or more microorganisms compete for the same
limited resources such as nutrients, space, or oxygen. As a result, the growth of one or both
organisms is inhibited. Competition is an important natural mechanism that regulates microbial
populations and prevents overgrowth of harmful pathogens.

10. Amensalism

Amensalism is an interaction in which one organism is inhibited or destroyed, while the other
remains unaffected. This often occurs due to the production of inhibitory substances such as
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antibiotics, acids, or toxins. Amensalism plays a significant role in natural disease suppression and
antibiotic production.

11. Synergism

Synergism is a positive interaction in which two or more microorganisms cooperate to produce a
combined effect greater than their individual effects. In synergistic associations, microorganisms
often depend on each other’s metabolic activities. Synergism is important in decomposition of
organic matter, sewage treatment, and biogeochemical cycles.

12. Parasitism

Parasitism is an interaction in which one organism, the parasite, benefits by.deriving nutrients
from another organism, the host, causing harm. Many microorganisms are parasitic and cause
diseases in plants, animals, and humans. Parasitism is of major concern in agriculture due to crop
diseases and yield losses.

13. Predation

Predation is an interaction where one microorganism (predator) actively hunts, kills, and
consumes another microorganism (prey). Protozoa.feeding on bacteria is a common example.
Predation helps maintain microbial population “balance:.and enhances nutrient recycling in
ecosystems.

Biological Nitrogen Fixation — Symbiotic and Asymbiotic

Nitrogen is essential for all living organisms because it is a major component of amino acids, which
are the building blocks of proteins, and nucleic acids such as DNA, which transfer genetic
information to subsequent generations of organisms. Our atmosphere contains about 78%
nitrogen gas, but this atmospheric nitrogen is present in the form of molecular dinitrogen (N>), a
relatively non-reactive molecule. Therefore, it is metabolically useless and cannot be utilized
directly by plants or animals.

Living organisms, especially bacteria, convert atmospheric nitrogen into nitrogenous compounds
that can be utilized by plants. The process of converting atmospheric nitrogen into ammonia or
related nitrogenous compounds in the soil, which are required by plants, is known as nitrogen
fixation.
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Nitrogen fixation is essential to life because.fixed inorganic nitrogen compounds are required for
the biosynthesis of all nitrogen-containing organic compounds such as amino acids, proteins,
nucleoside triphosphates, and nucleic acids.

Nitrogen Fixation
A. Non-Biological Nitrogen Fixation

Nitrogen can be fixed by lightning, which converts nitrogen and oxygen into nitrogen oxides.
These oxides may react with water or rainwater to form nitrous acid or nitric acid, which seep into
the soil and.form nitrates that are useful to plants.

Nitrogen in the atmosphere is highly stable and non-reactive due to the strong triple bond
between the atoms in the N, molecule. Lightning produces sufficient energy and heat to break
this_bond, allowing nitrogen atoms to react with oxygen and form nitrogen oxides (NOx). These
compounds cannot be used directly by plants. As the molecules cool, they react further with
oxygen to form nitrogen dioxide (NO,), which in turn reacts with water to produce nitric acid
(HNO3) or nitrate ions (NOs~), which are usable by plants.
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B. Biological Nitrogen Fixation

Biological nitrogen fixation was discovered by the German agronomist Hermann Hellriegel and the
Dutch microbiologist Martinus Beijerinck. Biological nitrogen fixation (BNF) occurs when
atmospheric nitrogen is converted into ammonia by the ‘enzyme nitrogenase. Biological nitrogen
fixation is a very valuable alternative to chemical.nitrogen fertilizers.

Biological nitrogen fixation is carried. out naturally in soil by microorganisms called diazotrophs,
which include bacteria such as Azotobacter.and certain archaea. All biological nitrogen fixation is
catalyzed by enzymes called nitrogenases. These enzymes contain iron, often combined with a
second metal such as molybdenum, and sometimes vanadium.

The overall reaction of biological nitrogen fixation is coupled with the hydrolysis of 16 molecules
of ATP and is accompanied by the co-formation of one molecule of hydrogen (H,). The conversion
of nitrogen into ammonia_occurs at a metal cluster known as FeMo-co, the iron-molybdenum
cofactor. The mechanism proceeds through a series of protonation and reduction steps.

In free-living diazotrophs, the ammonia produced by nitrogenase is assimilated into glutamate
through the glutamine synthetase—glutamate synthase pathway. The microbial nif genes required
for nitrogen fixation are widely distributed in nature. Nitrogenase enzymes are highly sensitive to
oxygen and are rapidly degraded in its presence. Therefore, many nitrogen-fixing organisms exist
only under anaerobic conditions or protect the enzyme by binding oxygen with proteins such as
leghemoglobin.
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Types of Biological Nitrogen Fixation

Biological nitrogen fixation can be classified into the following types:
A. Non-symbiotic (Asymbiotic) Biological Nitrogen Fixation
B. Associative Biological Nitrogen Fixation
C. Symbiotic Biological Nitrogen Fixation

A. Non-Symbiotic (Asymbiotic) Biological Nitrogen Fixation

Soil contains a large.number of free-living nitrogen-fixing organisms. These include aerobic and
anaerobic bacteria,. cyanobacteria (blue-green algae), and fungi. Biological nitrogen fixation by
microorganisms living freely or outside plant cells is known as non-symbiotic biological nitrogen

fixation:
Classification of Asymbiotic Nitrogen Fixers
1. Free-living aerobic nitrogen-fixing bacteria

e Photosynthetic: Chlorobium, Chromatium

e Non-photosynthetic: Azotobacter, Azomonas, Derxia, Beijerinckia

2. Free-living anaerobic nitrogen-fixing bacteria

e Photosynthetic: Rhodospirillum
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e Non-photosynthetic: Clostridium
3. Free-living chemosynthetic bacteria

e Heterotrophic: Desulfovibrio
4. Cyanobacteria (Blue-green algae)

e Heterocyst-bearing: Nostoc, Anabaena, Rivularia, Calothrix

e Non-heterocyst-bearing: Oscillatoria, Gloeocapsa, Lyngbya, Plectonema
5. Free-living fungi

e Yeasts and Pullularia

Asymbiotic free-living nitrogen fixers are considered primitive. Nitrogen fixation is a reduction
process independent of respiration. These organisms fix nitrogen more actively under poor
aeration, provided hydrogen gas is not being produced.

B. Associative Biological Nitrogen Fixation

Certain bacteria live in close association with the roots of cereals and grasses and fix nitrogen. This
type of association is a loose mutualism and is known as associative symbiosis. The bacteria reside
in the rhizosphere or sometimes enter the root tissues. /A‘portion of the fixed nitrogen is absorbed
by the plant roots, while the bacteria obtain nourishment from carbohydrates released by the
roots.

Examples include:

1. Azospirillumbrasilense associated with cereal roots

2. Beijerinckia associated with sugarcane roots

3. Azotobacter paspaliassociated with roots of tropical grass (Paspalum notatum)
C. Symbiotic Biological Nitrogen Fixation

Symbiotic nitrogen fixation is a mutualistic relationship in which plants provide a niche and fixed
carbon tobacteria in exchange for fixed nitrogen. This association is ecological, long-term, and
beneficial to.both partners.

1. Nitrogen Fixation Through Nodule Formation in Leguminous Plants

In leguminous plants, nitrogen fixation is carried out mainly by bacteria of the genus Rhizobium.
These bacteria form specialized structures called root nodules, inside which nitrogen fixation
occurs. The host plant supplies carbohydrates to the bacteria, while the bacteria provide fixed
nitrogen to the plant.
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Examples:

e Bradyrhizobium japonicum — slow-growing symbiont of soybean

e Azorhizobiumcaulinodans — stem-nodule-forming symbiont of Sesbania
2. Nitrogen Fixation Through Nodule Formation in Non-Leguminous Plants

Several non-leguminous plants also form root nodules and fix nitrogen. These are mainly trees
and shrubs.

Examples:
1. Frankia forms nodules with Alnus species, Casuarina equisetifolia, Myrica gale, etc.
2. Rhizobium forms nodules in Parasponia
Leaf nodules are formed by:
e Klebsiella in Psychotria
e Burkholderia in Pavettazimmermanniana
3. Nitrogen Fixation Through Non-Nodulation

In some plants, symbiotic nitrogen fixation occurs:without nodule formation. Such associations
are called pseudo-symbiotic.

Examples:
1. Lichens —association between fungi and algae (cyanobacteria or green algae)
2. Anthoceros (a bryophyte) associated with Nostoc
3. Azolla (a fern) associated with Anabaena
4. Cycas associated with Anabaena or Nostoc in coralloid roots
5. Gunnera macrophylla associated with Nostoc in its stem
6. Roots of Digitaria, Sorghum, and Maize associated with Spirillum
Symbietic diazotrophs are 100-200 times more efficient than asymbiotic diazotrophs.
BIOFERTILIZERS

Biofertilizers are commercial preparations of microorganisms added to the soil to enrich soil
fertility. They are also known as microbial fertilizers or microbial inoculants.

RHIZOBIUM

Rhizobium is a Gram-negative, aerobic, rod-shaped bacterium. It contains refractive granules and
is a soil bacterium present in large numbers in the rhizosphere of legume roots.
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Rhizobium invades the roots of legumes and forms nodules on the roots. Inside the root nodules,
the bacteria exist in pleomorphic forms known as bacteroids. These bacteroids fix atmospheric
nitrogen into ammonia. The fixed nitrogen is supplied to the plant, while the bacteria obtain
nourishment from the root cells. This type of association is known as symbiosis.

Different species of Rhizobium can fix 50-200 kg of nitrogen per hectare per year in leguminous
crops. Therefore, Rhizobium species are widely recommended as nitrogen biofertilizers in
agriculture.

Rhizobium species show a high degree of host specificity and can be used only for specific crops.

Host Specificity of Rhizobium

1.
2.

3.

Rhizobium meliloti (Medicago—Rhizobium): Lucerne and fenugreek

Rhizobium trifolii (Clover—Rhizobium): Egyptian clover and clover

Rhizobium leguminosarum (Pea—Rhizobium): Lentil, pea, khesari (Lathyrus), and vetch
Rhizobium phaseoli (Bean—Rhizobium): Bean, kidney bean;.and French bean
Rhizobium lupini (Lupine—Rhizobium): Lupines . and white lupines

Rhizobium japonicum (Soybean—Rhizobium): Soybean

Rhizobium spp. (Chickpea—Rhizobium): ‘Chickpea and subabul

Rhizobium spp. (Cowpea—Rhizobium): Sunnhemp, cluster bean, peanut, jack bean, lablab,
horse gram, moth bean, green gram, black gram, and pigeon pea

A. Mass Production of Rhizobium

Mass culture of Rhizobium involves the following steps:

1.

2.

5.

6.

Isolation of Rhizobium
Identification of Rhizobium
Establishment of starter culture
Mass:culture

Mixing with carrier

Packaging and storage

1. Isolation of Rhizobium

Rhizobium occurs in soil as well as in root nodules of specific legumes. Root nodules contain fewer
contaminants; therefore, Rhizobium is isolated from root nodules of suitable leguminous plants.
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The leguminous plant is carefully uprooted and the root system is washed under running water to
remove soil particles. Firm, undamaged, pink-colored root nodules are selected and excised.

The nodules are surface-sterilized by immersing them in 0.1% potassium chloride or 0.1% acidified
mercuric chloride for 5 minutes. They are washed 5-6 times with distilled water and again
sterilized by immersing them in 90% ethyl alcohol for 10 seconds, followed by repeated washing
with distilled water.

The nodules are crushed gently using a pestle and mortar in sterile distilled water/to obtaina
suspension. The suspension is diluted and inoculated on Yeast Extract Mannitol Agar (YEMA)
medium and incubated at 28°C for about 10 days. Rhizobial colonies appear as gummy colonies.

Composition of YEMA Medium

e K;HPO,—-05¢g

e MgS0,47H,0-0.2¢

e NaCl-0.1g

e Mannitol-10.0g

e Yeastextract—1.0g

e Agar—20.0g

e Distilled water — 1000 ml
2. Identification of Rhizobium

YEMA medium supports the growth of both Rhizobium and Agrobacterium. Rhizobium is
identified by the following tests:

a. Congo Red YEMA (CRYEMA) Test

Rhizobium does not absorb Congo red dye and forms white, circular, convex colonies, whereas
Agrobacterium forms.red colonies.

b. Microscopic Observation

Cells are stained with carbol fuchsin. Rhizobium shows B-polyhydroxybutyrate granules.

c. Glucose Peptone Agar (GPA) Test

Rhizobium does not grow on GPA medium, while Agrobacterium grows. This test confirms purity.
d. Nodulation Test

Pure cultures are inoculated on sterile legume seedlings grown in nitrogen-free medium.
Formation of root nodules confirms effective Rhizobium strain.
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3. Establishment of Starter Culture

Pure Rhizobium colonies are transferred to YEMA broth and incubated at 28 £ 2°C on a rotary
shaker. The culture obtained within one week is called the starter or mother culture.

4. Mass Culture of Rhizobium

Rhizobium is mass cultured in fermenters using YEMA or sucrose—mannitol medium. One'litre of
starter culture is inoculated into 100 litres of medium. The culture is aerated, stirred, and
maintained at 28 *+ 2°C until cell density reaches 108-10° cells/ml.

5. Preparation of Carrier-Based Inoculant

Carriers such as charcoal, peat, lignite, vermicompost, paddy husk, or farmyard manure are used.
The carrier is dried, powdered, neutralized with calcium carbonate;. sterilized, and mixed
aseptically with the culture to 40-50% moisture content. The mixture is cured for 2—7 days.

6. Packing and Storage

The inoculant is packed in low-density polythene bags and.stored at 15°C in a cool, dry place.
Rhizobial cells remain viable for about six months.

B. Field Application of Rhizobium Inoculant
Rhizobium is applied by seed inoculation:
1. Dissolve 50 g cane sugar in 500 ml water.and boil for 15 minutes.
2. Add 200 g gum arabic to prepare a'sticker solution.
3. Add 200 g Rhizobium inoculant and mix well.
4. Mix seeds with slurry to.ensure uniform coating.
5. Dry seeds in shade and sow immediately.
Precautions
e Do notstore inoculated seeds for more than one day.
e Avoidfungicides for one day after sowing.
e  Avoid chemical fertilizers for one week.
e “Use pesticides sparingly if required.
C. Crop Response
Rhizobium inoculation increases legume yields by 10-35%.
In Cajanus cajan, yield increases up to 40%.
In Cicer arietinum, yield increases up to 67%.
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Crop rotation with Rhizobium-inoculated legumes increases cereal yields significantly.
AZOLLA

Azolla is a free-floating freshwater fern. Its leaves are arranged in two rows and contain cavities
housing Anabaena azollae, a nitrogen-fixing cyanobacterium.

Azolla and Anabaena live in symbiosis. Azolla provides carbohydrates, while Anabaena fixes
atmospheric nitrogen. Azolla biomass doubles in 5—7 days and fixes 40—80 kg nitrogen/ha/year.

Azolla is used as green manure in rice fields and increases crop yield by 15-20%.
Mass Cultivation of Azolla

Azolla is cultivated in nursery plots flooded with water. Fresh cattle dung slurry, superphosphate,
and Azolla inoculum are added. Dense growth occurs within 15 days, yielding 40-50 kg fresh
Azolla per plot.

Field Application of Azolla
As Green Manure:
Azolla is grown and incorporated into soil before transplanting rice.
As Dual Crop:
Azolla is grown alongside rice and periodically incorporated.
Uses of Azolla
e Saves 20-30% nitrogen fertilizer.in rice
e Suppresses weed growth
e Enhances fish and rice productivity
e Used as nitrogen-rich feed for fish
Advantages of Biofertilizers
Biofertilizers have the following advantages:
1.. Biofertilizers reduce the use of chemical fertilizers in agriculture.
2. They do not cause pollution of air, water, or land.
3. They secrete plant growth hormones that increase plant growth.
4. They reduce the attack of soil-borne pathogens.
5. They improve soil quality and enhance productivity.

6. They can be mass-produced using renewable wastes.
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7. No special care is required while using renewable wastes.

8. Farmers themselves can grow blue-green algae (BGA) biofertilizers and Azolla biofertilizer
in their own fields.

Vesicular—Arbuscular Mycorrhiza (VAM) Biofertilizer
Introduction

Vesicular—arbuscular mycorrhiza (VAM), also known as arbuscular mycorrhiza ((AM), “is a
mutualistic association between certain soil fungi and the roots of higher plants. The fungi
involved belong mainly to the phylum Glomeromycota, with common genera such as Glomus,
Acaulospora, Gigaspora, Scutellospora, and Entrophospora. In this association,.the fungal hyphae
penetrate the cortical cells of plant roots and form specialized structures called arbuscules and
vesicles. VAM fungi play an important role as biofertilizers by enhancing nutrient uptake,
improving plant growth, and increasing soil fertility in a sustainable’and eco-friendly manner.

Structure of VAM
The VAM association consists of both external and internal fungal structures.

The external mycelium spreads extensively in the soil.beyond the root zone, increasing the
effective surface area for nutrient and water absorption. This mycelium absorbs nutrients from
soil pores that are otherwise inaccessible to plant roots.

Inside the root cortex, the fungus forms two'characteristic structures:

e Arbuscules: These are finely branched; tree-like structures formed inside the cortical cells.
Arbuscules are the primary sites of nutrient exchange between the fungus and the host
plant. Through arbuscules, phosphorus and other minerals are transferred to the plant,
while carbohydrates flow from the plant to the fungus.

e Vesicles: These are swollen, sac-like structures formed either inside or between root
cortical cells."Vesicles act as storage organs for lipids and other reserve materials and also
function as'propagules for fungal survival.

Establishment of VAM Association

The establishment of VAM begins when fungal spores present in the soil germinate and produce
hyphae. These hyphae grow toward plant roots in response to root exudates. The fungus
penetrates the root epidermis, usually through root hairs or between epidermal cells, without
causing disease.

Once inside, the hyphae grow intercellularly and intracellularly in the cortex and differentiate into
arbuscules and vesicles. The association is strictly symbiotic, where both partners benefit. The
plant provides photosynthetically derived carbohydrates, while the fungus supplies nutrients and
water.

Page 62 of 112



ACADEMIC YEAR 2025-2026, SEMESTER - VI
STUDY MATERIAL FOR B.Sc. MICROBIOLOGY
ENVIRONMENTAL AND AGRICULTURAL MICROBIOLOGY

Mechanism of Nutrient Uptake

VAM fungi greatly enhance nutrient uptake due to their extensive hyphal network. The most
important nutrient supplied by VAM is phosphorus, which is often present in soil in insoluble
forms.

The fungal hyphae absorb phosphorus from the soil and transport it to the arbuscules, where it is
transferred to the plant cells. In addition to phosphorus, VAM fungi also improve the uptake of:

e Nitrogen

e Potassium

e Calcium

e Magnesium

e Micronutrients such as zinc, copper, iron, and manganese
The hyphae also improve water absorption, making plants more tolerant to drought conditions.
Role of VAM as a Biofertilizer

VAM fungi function as effective biofertilizers by naturally improving nutrient availability and plant
growth. Their major roles include:

¢ Increasing phosphorus availability-and uptake

e Enhancing absorption of micronutrients

e Improving root growth and root system efficiency
e Increasing water uptake and drought tolerance

e Improving plant vigor and yield

e Reducing dependency on chemical fertilizers

Since VAM fungi occur naturally and do not cause environmental pollution, they are considered
sustainable alternatives to chemical fertilizers.

Effect of VAM on Plant Growth

Plants associated with VAM show better growth compared to non-mycorrhizal plants. VAM
improves seedling establishment, enhances biomass production, and increases crop yield. Crops
such as cereals, pulses, vegetables, fruit crops, plantation crops, and forest trees benefit
significantly from VAM inoculation.

VAM fungi also stimulate the production of growth-promoting substances and improve the overall
physiological efficiency of plants.
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Role of VAM in Disease Resistance

VAM fungi provide indirect protection against soil-borne plant pathogens. The fungal association
forms a physical barrier around roots, reducing pathogen penetration. VAM also competes with
pathogens for space and nutrients and induces systemic resistance in host plants.

As a result, plants show reduced incidence of diseases caused by fungi such as Fusarium,
Rhizoctonia, and Phytophthora.

Role of VAM in Soil Health

VAM fungi improve soil structure by binding soil particles into stable aggregates through the
production of a glycoprotein called glomalin. This improves soil aeration, water retention, and
resistance to erosion.

The extensive hyphal network also enhances microbial activity in the rhizosphere and contributes
to long-term soil fertility.

Mass Production of VAM Biofertilizer

Unlike bacteria, VAM fungi are obligate symbionts and.cannot be grown on artificial culture media
alone. Therefore, mass production is carried out using host plants.

Common methods include:
1. Pot Culture Method

Host plants such as maize, sorghum, or onion are grown in sterilized soil or sand mixed with VAM
inoculum. After sufficient growth, the roots, soil, spores, and hyphae are harvested and used as
biofertilizer.

2. Root Organ Culture Technique

Transformed root cultures (using Agrobacterium rhizogenes) are used to grow VAM fungi under
sterile conditions. This.method produces high-quality inoculum but is expensive.

The final VAM inoculum contains spores, infected root fragments, and fungal hyphae mixed with a
suitable carrier.

Application of VAM Biofertilizer
e VAM biofertilizer can be applied in several ways:
e Soil application near the root zone
e Seedling root dip in VAM inoculum suspension before transplanting
e Nursery bed application

e Pot culture and plantation crops by mixing inoculum in planting pits
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Early inoculation is essential to ensure effective colonization.
Advantages of VAM Biofertilizer

e Eco-friendly and sustainable

e Improves phosphorus nutrition

e Enhances water and nutrient uptake

e Reduces chemical fertilizer requirement

e Improves soil structure and fertility

® Increases resistance to stress and diseases
Limitations of VAM Biofertilizer

e Ineffective in highly fertilized soils, especially with excess phosphorus

e Slow establishment compared to chemical fertilizers

e Host specificity in some cases

e Sensitive to soil disturbance and fungicide.application
Conclusion

Vesicular—arbuscular mycorrhiza (VAM) is one of.the most important fungal biofertilizers used in
sustainable agriculture. By improving nutrient uptake, enhancing soil health, increasing crop
productivity, and reducing environmental pollution, VAM plays a vital role in modern eco-friendly
farming systems. Its integration with other biofertilizers and organic practices can significantly
contribute to sustainable agricultural development.

Biocontrol Agents

Biocontrol agents use natural microorganisms like bacteria, viruses, and fungi to manage pests
and diseases in agriculture, offering eco-friendly alternatives to chemicals by targeting specific
threats without harming beneficial organisms. Bacteria like Bacillus thuringiensis (Bt) produce
toxins to. kill caterpillars, fungi such as Trichoderma combat plant pathogens, and viruses,
like baculoviruses (e.g., Nucleopolyhedrovirus), infect and kill specific insects, all supporting
sustainable crop protection.

Fungal Biofertilizer — Trichoderma
Introduction

e Biofertilizers have become an important option as they are more environmentally friendly
and safer for human health.
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Trichoderma is one of the fungal cultures that has been extensively studied for this
purpose.

It has been found that Trichoderma can produce various plant growth—promoting
compounds such as enzymes and phytohormones.

Some of the enzymes produced help plants access nutrients that are otherwise unavailable
due to their chemical form in the soil.

For example, acidic soils tend to bind phosphorus by forming toxic complexes, rendering
phosphorus unavailable to crops. This results in reduced nutrient uptake and lower crop
yields. Certain enzymes produced by Trichoderma solubilize phosphates, making
phosphorus available again to crops.

Trichoderma has been reported to produce plant growth hormones such'as indole-3-acetic
acid (IAA), auxins, and gibberellic acid.

Scientists and farmers exploit these properties-~by developing biofertilizers using
Trichoderma as an organism capable of producing multiple.phytohormones.

Trichoderma as a Biofertilizer

Trichoderma has been reported to promote plant growth in various ways. Many
researchers and farmers use it as a-biofertilizer because of its ability to stimulate the
growth of many crops.

It serves as an alternative to chemical fertilizers or as an amendment to improve crop
productivity. Several attributes. qualify it for sustainable fertilization, including the
following:

o Production of plant growth hormones and volatile compounds
o Contributionto solubilization of phosphates unavailable to crops

o Promotion of uptake of macro- and micronutrients required by plants

Production of Plant Growth Hormones and Volatile Compounds

Plant growth hormones, also known as phytohormones, are involved in many plant
processes such as communication, growth regulation, and biotic and abiotic stress
management.

Phytohormones have long been recognized as vital regulators of plant growth and
development.

Proper root and shoot elongation requires phytohormones to function at the correct
concentration and rate to support high productivity.
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The presence of Trichoderma has been reported to increase the production of growth
hormones such as indole-3-acetic acid (IAA) and gibberellic acid.

These hormones are essential for promoting plant elongation and overall growth.

Trichoderma also enhances seed germination and improves seedling vigor, which provides
an advantage to crops. This effect is associated with balanced phytohormone production.

Solubilization of Phosphates

Phosphorus is a critical nutrient required for plant growth and development. Although it is
present in soil, continuous cultivation and depletion require farmers to apply phosphorus
fertilizers.

However, the availability of phosphorus to plants depends on its chemicalform in the soil.

In acidic soils, phosphorus binds with soil components and becomes unavailable to plants,
resulting in phosphorus deficiency even when fertilizers are applied.

Certain microorganisms can solubilize phosphates, converting them into forms available
for plant uptake. Trichoderma species are among such:microorganisms.

Species such as Trichoderma harzianum and.Trichoderma reesei solubilize phosphates by
producing enzymes known as phytases. Phytase activity is induced by the presence of
insoluble tricalcium phosphate.

Other species, such as Trichoderma koningiopsis, solubilize phosphates through the
production of alkaline phosphatase enzymes.

Macro- and Micronutrient Uptake

Improved nutrient uptake leads to enhanced plant growth and productivity.
Microorganisms play-a‘crucial role in accelerating nutrient availability and absorption by
plants.

Trichoderma ~.contributes significantly to the uptake of essential macro- and
micronutrients.

In ‘studies conducted on sugarcane, inoculation with Trichoderma viride resulted in
increased levels of nitrogen, potassium, phosphorus, and organic carbon in the soil.

Both nutrient availability and nutrient uptake are improved by the presence of
Trichoderma in the rhizosphere.

Nutrient uptake is enhanced because Trichoderma converts nutrients from unavailable
forms into forms that plants can absorb.

In acidic soils, chemical fertilizers often form insoluble or toxic complexes, such as
aluminum complexes, which reduce nutrient availability.
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e The strong root-colonizing ability of Trichoderma provides it an advantage over other
microorganisms. It persists as both an endophyte and root colonizer for a longer period,
ensuring sustained nutrient supply.

e Unlike chemical fertilizers, microorganisms multiply and continue to function in the soil.
e Sustainability is one of the major benefits provided by Trichoderma as a biofertilizer.
Other Benefits of Trichoderma
Disease Control

Trichoderma is a potent biocontrol agent and is widely used to control soil-borne diseases. It has
been successfully used against pathogenic fungi belonging to genera such .as Fusarium,
Phytophthora, and Sclerotinia.

Transgenic Plants

Introduction of endochitinase genes from Trichoderma into plants such-as tobacco and potato has
increased resistance to fungal infections. Selected transgenic-lines show high tolerance to foliar
pathogens like Alternaria alternata, Alternaria solani,cand Botrytis cinerea, as well as soil-borne
pathogens such as Rhizoctonia species.

Bioremediation

Trichoderma strains play an important_role in the bioremediation of soils contaminated with
pesticides and herbicides. They can degrade a wide range of insecticides, including
organochlorines, organophosphates, and carbamates.

Bacillus thuringiensis (Bt) and Bt Cotton as a Biocontrol Agent
Introduction

Bacillus thuringiensis+(Bt) is a Gram-positive, rod-shaped, spore-forming soil bacterium widely
used as a biological control agent against insect pests. It is well known for its ability to produce
insecticidal proteins.that are toxic to specific groups of insects but harmless to humans, animals,
and most beneficial organisms. Because of its high specificity and environmental safety, Bt has
been extensively.used in agriculture as a microbial pesticide and as a source of genes for
developing transgenic crops, such as Bt cotton.

Discovery and Occurrence

Bacillus thuringiensis was first discovered in 1901 by a Japanese scientist, Ishiwata, and later
described in detail in 1911 by Berliner from diseased larvae of the flour moth in Thuringia,
Germany. Bt is naturally found in soil, water, plant surfaces, and insect habitats.

Characteristics of Bacillus thuringiensis

e Gram-positive, aerobic, rod-shaped bacterium
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e Spore-forming in adverse conditions

e Produces parasporal crystalline inclusions during sporulation

e Crystals contain Cry (crystal) proteins, also known as 6-endotoxins

e Highly specific to target insect groups such as Lepidoptera, Diptera, and Coleoptera
Mode of Action of Bt as a Biocontrol Agent

The insecticidal action of Bt depends on the ingestion of Bt spores and crystal (Cry) proteins by
insect larvae.

1. Insects ingest Bt toxin while feeding on treated plants.

2. Inthe alkaline environment of the insect midgut, Cry proteins are solubilized and activated
by gut enzymes.

3. The activated toxin binds to specific receptors on the midgut epithelial cells.

4. This binding creates pores in the gut membrane, causing’leakage of cell contents.

5. The gut cells are destroyed, leading to paralysis of the.digestive system.

6. The insect stops feeding and dies within a few days.due to starvation and septicemia.

Bt does not affect organisms lacking an alkaline gut or specific receptors, making it safe for
humans and animals.

Bt as a Microbial Insecticide

Bt formulations have been used.as sprays, dusts, and granules to control insect pests in
agriculture, forestry, and public health programs. Different strains of Bt target different insect
groups:

e Btkurstaki—Lepidopteran pests (caterpillars)

e Btisraelensis= Mosquito and blackfly larvae

e Bttenebrionis — Beetle larvae
These formulations are biodegradable and do not accumulate in the environment.
Bt Cotton — A Transgenic Crop
Development of Bt Cotton

Bt cotton is a genetically modified (GM) crop developed by introducing the cry gene from Bacillus
thuringiensis into the cotton plant genome using genetic engineering techniques. The inserted
gene enables the cotton plant to produce Bt toxin in its tissues.

Page 69 of 112



ACADEMIC YEAR 2025-2026, SEMESTER - VI
STUDY MATERIAL FOR B.Sc. MICROBIOLOGY
ENVIRONMENTAL AND AGRICULTURAL MICROBIOLOGY

Bt cotton was commercially introduced in India in 2002 and has since become one of the most
widely cultivated GM crops.

Target Pests of Bt Cotton

Bt cotton is primarily resistant to bollworm complex, which includes:

American bollworm (Helicoverpa armigera)

Pink bollworm (Pectinophoragossypiella)

Spotted bollworm (Earias species)

When larvae feed on Bt cotton plants, they ingest the Bt toxin and die, preventing crop’damage.

Mode of Action of Bt Cotton

The mechanism of action of Bt cotton is similar to Bt spray formulations:

The cotton plant continuously produces Cry proteins in'leaves;stems, and bolls.

Insect larvae feeding on the plant ingest the toxin.

The toxin disrupts the insect gut, leading todeath.

Because the toxin is produced inside the plant, repeated.spraying of insecticides is reduced.

Advantages of Bt Cotton as a Biocontrol Strategy

Reduces use of chemical insecticides

Highly specific to target pests

Safe for humans, animals, and beneficial insects
Increases cotton yield and quality
Reduces-environmental pollution

Cost-effective in the long term

Compatible with integrated pest management (IPM)

Limitations.and Concerns of Bt Cotton

Development of resistance in insect pests due to continuous exposure
Ineffective against non-target pests such as sucking insects
Requires refuge strategy to delay resistance

Public concerns regarding genetically modified organisms
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e Highinitial seed cost
Refuge Strategy in Bt Cotton

To delay the development of insect resistance, farmers are advised to grow non-Bt cotton plants
(refuge crops) alongside Bt cotton. These refuges allow survival of susceptible insects, which mate
with resistant insects, reducing resistance development.

Environmental and Safety Aspects
Bt and Bt cotton are considered environmentally safe because:
e Bt toxins are biodegradable
e They do not persist in soil or water
e They are non-toxic to humans, birds, fish, and livestock
e They have minimal impact on beneficial insects
Conclusion

Bacillus thuringiensis is one of the most successful biological control agents used in agriculture.
The development of Bt cotton represents a major advancement in pest management by providing
built-in resistance against major insect pests. Whenwused responsibly with resistance management
strategies, Bt cotton contributes significantly to.sustainable agriculture, reduced pesticide use,
and improved crop productivity.

Baculoviruses - Nucleopolyhedrovirus (NPV)
Introduction

Viral biocontrol agents are naturally occurring viruses that infect and kill insect pests. They are
used in agriculture as biological-pesticides to control harmful insects without causing damage to
humans, animals, < beneficial insects, or the environment. Among viral biocontrol agents,
baculoviruses are.the most important and widely used group due to their high host specificity,
effectiveness, and environmental safety.

Baculoviruses mainly infect insects belonging to the order Lepidoptera (moths and butterflies),
although some infect Diptera and Hymenoptera. They are especially valuable in integrated pest
management (IPM) programs.

Baculoviruses
General Characteristics

Baculoviruses are a group of large, double-stranded DNA viruses that infect insects. They are
characterized by the production of proteinaceous inclusion bodies that protect the virus particles
in the environment.
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Important features of baculoviruses:

e Obligate pathogens of insects

e Double-stranded DNA genome

e Enveloped, rod-shaped virions

e Highly host-specific

e Safe to non-target organisms

e Stable under field conditions due to protective protein coats
Classification of Baculoviruses

Baculoviruses are mainly classified into two important types based on'the nature of their inclusion
bodies:

1. Nucleopolyhedrovirus (NPV)
2. Granulovirus (GV)

Among these, Nucleopolyhedrovirus (NPV) is the most extensively studied and commercially used
viral biocontrol agent.

Nucleopolyhedrovirus (NPV)
Definition

Nucleopolyhedrovirus (NPV) is a type of baculovirus that produces large polyhedral inclusion
bodies (polyhedra) containing multiple virus particles. These polyhedra protect the virus outside
the host and help in its transmission.

Structure of Nucleopolyhedrovirus
e The virus consists of a double-stranded DNA core enclosed within a protein capsid.
e The capsid.is surrounded by a lipid envelope.

e Multiple virions are embedded within a polyhedral protein matrix made of polyhedrin
protein.

e The polyhedra dissolve only in the alkaline gut of insect larvae.
Host Range

NPVs are highly host specific, usually infecting only a single insect species or a group of closely
related species.
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Examples of important NPVs:
e Helicoverpa armigera NPV (HaNPV) — American bollworm
e Spodoptera litura NPV (SINPV) — Tobacco caterpillar
e Bombyx mori NPV (BmNPV) — Silkworm
e Autographa californica NPV (AcNPV) — Model virus for research
Mode of Infection and Action
The infection cycle of Nucleopolyhedrovirus involves the following steps:
1. Ingestion
Insect larvae consume foliage contaminated with NPV polyhedral inclusion bodies.
2. Dissolution in Gut
The alkaline pH of the larval midgut dissolves the polyhedrin protein, releasing virions.
3. Penetration of Midgut Cells
The virus particles attach to and penetrate the epithelial cells of the midgut.
4. Viral Replication
The viral DNA enters the nucleus'and replicates, producing large numbers of new virions.
5. Systemic Infection
The virus spreads to othertissues such as fat bodies, tracheae, and hemolymph.
6. Larval Death
Infected larvaestop feeding, become sluggish, and die within 4-10 days.
7. Releaseof Virus

The dead larva ruptures, releasing millions of polyhedral bodies into the environment,
spreading infection to other larvae.

Symptoms of NPV Infection
e Reduced feeding activity
e Sluggish movement
e Swollen and fragile body
e Milky or liquefied body contents

e Hanging larvae from plant parts in an inverted “V” shape
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Production of NPV
In Vivo Production
NPVs are usually mass produced using living insect hosts.
Steps involved:
1. Healthy larvae of the target insect are reared under laboratory conditions.
2. Larvae are infected with NPV suspension through feeding.
3. Infected larvae die after a few days.
4. Dead larvae are collected and homogenized.
5. Polyhedral inclusion bodies are purified and formulated as biopesticides.
Field Application of NPV
e Applied as sprays on crop foliage
e Most effective against early larval stages
e Should be sprayed during evening hours to avoid UV.degradation
e Compatible with other biocontrol agents and botanicals
Advantages of NPV as a Biocontrol Agent

e Highly host specific

Safe to humans, animals, birds, fish, and beneficial insects

e Eco-friendly and biodegradable

e Noresidue problem

e Does not disturb ecological balance

e Compatible with integrated pest management (IPM)
Limitations of NPV

e Slow action compared to chemical insecticides

e Sensitive to ultraviolet radiation

e Narrow host range

e Requires proper environmental conditions for effectiveness

e Large-scale production is labor intensive
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Role of NPV in Integrated Pest Management (IPM)

NPVs are widely used as components of IPM programs where chemical pesticide use is minimized.
They are often combined with:

e Neem-based pesticides

e Bacillus thuringiensis

e Parasitoids and predators
This integrated approach helps in sustainable pest control and resistance management.
Conclusion

Baculoviruses, particularly Nucleopolyhedrovirus, represent one of the most effective and
environmentally safe viral biocontrol agents available for insect_pest management. Their high
specificity, safety, and ability to persist in nature make them ideal“tools for sustainable
agriculture. Although slower in action, their long-term benefits and compatibility with eco-friendly
farming practices make NPVs an important alternative to chemical pesticides.
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UNIT - IV

1. Waste Treatment and Bioremediation

Waste treatment refers to the processes used to manage, reduce, recycle, or dispose of waste in
ways that minimize its impact on human health and the environment. Bioremediation is a
biological approach that uses microorganisms, plants, or enzymes to detoxify, degrade, or remove
pollutants from the environment.

Solid waste management is a major component of waste treatment and plays-a vital role in
environmental protection and public health.

2. Solid Waste Management
2.1 Definition of Solid Waste

Solid waste refers to unwanted or discarded solid materials generated from‘human activities such
as domestic, industrial, commercial, agricultural, and healthcare operations.

Solid waste may be biodegradable or non-biodegradable and can pose serious environmental and
health hazards if not managed properly.

3. Sources of Solid Waste
3.1 Residential (Domestic) Sources
e Household activities such as cooking, cleaning, and maintenance
¢ Includes food waste, paper; plastics, glass, metals, cloth, ash
3.2 Commercial Sources
e Shops, markets, offices, hotels, restaurants
e Includes packaging materials, paper, food waste, plastics
3.3 Institutional Sources
e Schools, colleges, hospitals, government buildings
e . Includes paper waste, food waste, biomedical waste (in hospitals)
3.4 Industrial Sources
e Manufacturing and processing industries
e Includes scrap metals, chemicals, slag, fly ash, packaging waste
3.5 Agricultural Sources

e Farming and livestock activities
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e Includes crop residues, animal manure, pesticide containers
3.6 Construction and Demolition Sources
e Building, renovation, and road construction activities
¢ Includes concrete, bricks, wood, metals, rubble
3.7 Municipal Sources
e Street sweeping, parks, drains, public places
e [ncludes dust, leaves, silt, litter
3.8 Healthcare Sources
e Hospitals, clinics, laboratories
¢ Includes biomedical and infectious waste
4. Types of Solid Waste
4.1 Based on Biodegradability
a) Biodegradable Waste
e Can be decomposed by microorganisms
e Examples: food waste, vegetable peels, paper, garden waste
b) Non-biodegradable Waste
e Do not decompose easily
e Examples: plastics;.glass, metals, synthetic materials
4.2 Based on Source and Nature
a) Municipal Solid Waste (MSW)
e Generated from households, markets, institutions
e . Includes organic waste, paper, plastics, metals
b) Industrial Solid Waste
e Generated from industrial processes
e Includes hazardous and non-hazardous waste
c) Agricultural Waste

e Crop residues, animal waste
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e Often biodegradable
d) Biomedical Waste
e Generated from healthcare facilities
e Includes sharps, pathological waste, infectious materials
e) Construction and Demolition Waste
e Concrete, bricks, wood, metals
4.3 Based on Hazard Potential
a) Hazardous Solid Waste
e Toxic, flammable, corrosive, or reactive
e Examples: chemical waste, batteries, pesticides
b) Non-hazardous Solid Waste
e Does not pose immediate risk
e Examples: food waste, paper, plastics
4.4 Based on Composition
e Organic waste: food, garden waste
e Inorganic waste: metals, glass
e Recyclable waste: paper, plastics, metals
e Inert waste: ash, silt, debris
5. Environmental and Health Impacts of Improper Solid Waste Management
e Soil contamination
e Water pollution
e .. Air pollution due to burning
e Spread of infectious diseases
e, Breeding of vectors such as flies and rodents
e Greenhouse gas emissions (methane)
6. Role of Microorganisms in Solid Waste Treatment (Link to Bioremediation)

e Decomposition of organic waste
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e Composting and vermicomposting
e Anaerobic digestion and biogas production
e Detoxification of hazardous compounds
7. Importance of Proper Solid Waste Management
e Protects human health
e Conserves natural resources
e Reduces environmental pollution
e Promotes recycling and reuse
e Supports sustainable development
1. Composting

1.1 Definition

Composting is a biological process in which organic solidwaste“is decomposed and stabilized by
microorganisms under controlled aerobic conditions to form a nutrient-rich, humus-like product

called compost.
1.2 Materials Used for Composting
e Kitchen waste (vegetable peels, food waste)
e Garden waste (leaves, grass clippings)
e Agricultural residues
e Animal manure
1.3 Types of Composting
a) Aerobic Composting
e Qccursinthe presence of oxygen
e Faster.process
e Produces heat, CO,, and stable compost
b) Anaerobic Composting
e Occurs in the absence of oxygen
e Slower process

e Produces methane, organic acids, and compost
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1.4 Stages of Composting
1. Mesophilic Phase
o Temperature: 25-40°C
o Rapid breakdown of sugars and proteins by bacteria and fungi
2. Thermophilic Phase
o Temperature: 45-70°C
o Breakdown of cellulose and fats
o Pathogens and weed seeds destroyed
3. Cooling Phase
o Temperature decreases
o Actinomycetes and fungi dominate
4. Maturation Phase
o Formation of stable humus
o Compost becomes dark and odorless
1.5 Microorganisms Involved
e Bacteria: Bacillus, Pseudomonas
e Fungi: Aspergillus, Penicillium
e Actinomycetes: Streptomyces
1.6 Advantages of Composting
e Reducessolid waste volume
e Improves soil fertility and structure
e Eco-friendly and cost-effective
e Reduces need for chemical fertilizers
2. Vermicomposting
2.1 Definition

Vermicomposting is the process of converting organic waste into nutrient-rich compost using
earthworms. The final product is called vermicompost.
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2.2 Earthworms Used
e Fijsenia fetida (Red worm)
e Fudriluseugeniae
e Perionyx excavatus
2.3 Materials Used
e Biodegradable organic waste
e Cow dung (partially decomposed)
e Agricultural residues
2.4 Process of Vermicomposting
1. Preparation of vermibed using soil, sand, and organic matter
2. Addition of earthworms
3. Maintenance of moisture (40—-60%) and temperature (20=30°C)
4. Decomposition and casting production by.earthworms
2.5 Role of Microorganisms in Vermicomposting
e Microbes degrade organic matter
e Earthworms enhance microbial activity
e Gut microflora of earthworms accelerates decomposition
2.6 Advantages of Vermicomposting
e Produces high-quality manure
e Improves soil aeration and water-holding capacity
e Enhances plant growth
e . Low:cost and sustainable
3. Production of Biogas
3.1 Definition

Biogas production is an anaerobic digestion process in which microorganisms break down organic
matter to produce biogas, a mixture mainly of methane (CH,) and carbon dioxide (CO,).

3.2 Raw Materials for Biogas Production

e Animal dung (cow dung)
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e Agricultural waste
e Sewage sludge
e Kitchen waste
3.3 Composition of Biogas
e Methane (CHs): 55-65%
e Carbon dioxide (CO,): 30-40%
e Trace gases: H,S, NH3, H;
3.4 Biogas Plant Components
e Inlettank
e Digester
e Gas holder
e Outlet tank
3.5 Stages of Biogas Production
1. Hydrolysis
o Breakdown of complex polymers into simple molecules
2. Acidogenesis
o Conversion of simpleimolecules into volatile fatty acids
3. Acetogenesis
o Formation of acetic acid, CO,, and H,
4. Methanogenesis
o Methanogenic archaea produce methane
3.6 Microorganisms Involved
o0 Hydrolytic bacteria
o Acidogenic bacteria
o Acetogenic bacteria

o Methanogens (Methanobacterium, Methanosarcina)
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3.7 Advantages of Biogas Production
e Renewable source of energy
e Reduces waste and pollution
e Produces nutrient-rich slurry as manure
e Reduces dependence on fossil fuels

4. Comparison of Composting, Vermicomposting and Biogas Production

Aspect Compostin Vermicompostin Biogas
P P & P & Production
Oxygen Aerobic Aerobic Anaerobic
. Microorganis . Anaerobic
Main agents Earthworms + microbes X
ms microbes
End product Compost Vermicompost Biogas + slurry
Ener
&Yy . No No Yes
production

1. Composting
1.1 Definition

Composting is a biological process.in.which organic solid waste is decomposed and stabilized by
microorganisms under controlled aerobic conditions to form a nutrient-rich, humus-like product
called compost.

1.2 Materials Used for Composting
e Kitchen waste (vegetable peels, food waste)
e Garden waste (leaves, grass clippings)
e “Agricultural residues
e Animal manure
1.3 Types of Composting
a) Aerobic Composting
e Occurs in the presence of oxygen

e Faster process
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e Produces heat, CO,, and stable compost
b) Anaerobic Composting
e Occurs in the absence of oxygen
e Slower process
e Produces methane, organic acids, and compost
1.4 Stages of Composting
1. Mesophilic Phase
o Temperature: 25-40°C
o Rapid breakdown of sugars and proteins by bacteria and fungi
2. Thermophilic Phase
o Temperature: 45-70°C
o Breakdown of cellulose and fats
o Pathogens and weed seeds destroyed
3. Cooling Phase
o Temperature decreases
o Actinomycetes and fungi dominate
4. Maturation Phase
o Formation of stable humus
o Compost becomes dark and odorless
1.5 Microorganisms Involved
e Bacteria: Bacillus, Pseudomonas
o FungirAspergillus, Penicillium
e Actinomycetes: Streptomyces
1.6:Advantages of Composting
e Reduces solid waste volume
e Improves soil fertility and structure

e Eco-friendly and cost-effective
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e Reduces need for chemical fertilizers
2. Vermicomposting

2.1 Definition

Vermicomposting is the process of converting organic waste into nutrient-rich compost using

earthworms. The final product is called vermicompost.
2.2 Earthworms Used
e FEjsenia fetida (Red worm)
e FEudriluseugeniae
e Perionyx excavatus
2.3 Materials Used
e Biodegradable organic waste
e Cow dung (partially decomposed)
e Agricultural residues
2.4 Process of Vermicomposting
1. Preparation of vermibed using soil, sand;, and organic matter
2. Addition of earthworms
3. Maintenance of moisture (40-60%) and temperature (20—-30°C)
4. Decomposition and casting production by earthworms
2.5 Role of Microorganisms in‘\Vermicomposting
e Microbes degrade organic matter
e Earthworms'enhance microbial activity
e Gutmicroflora of earthworms accelerates decomposition
2.6 Advantages of Vermicomposting
e-.Produces high-quality manure
e Improves soil aeration and water-holding capacity
e Enhances plant growth

e Low cost and sustainable
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3. Production of Biogas

3.1 Definition

Biogas production is an anaerobic digestion process in which microorganisms break down organic
matter to produce biogas, a mixture mainly of methane (CH4) and carbon dioxide (CO,).

3.2 Raw Materials for Biogas Production
e Animal dung (cow dung)
e Agricultural waste
e Sewage sludge
e Kitchen waste
3.3 Composition of Biogas
e Methane (CHa): 55-65%
e Carbon dioxide (CO,): 30-40%
e Trace gases: H,S, NH3, H,
3.4 Biogas Plant Components
e Inlettank
e Digester
e Gas holder
e Outlet tank
3.5 Stages of Biogas Production
1. Hydrolysis
o Breakdown of complex polymers into simple molecules
2. Acidogenesis
o Conversion of simple molecules into volatile fatty acids
3...Acetogenesis
o Formation of acetic acid, CO,, and H,
4. Methanogenesis

o Methanogenic archaea produce methane
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3.6 Microorganisms Involved
e Hydrolytic bacteria
e Acidogenic bacteria
e Acetogenic bacteria
e Methanogens (Methanobacterium, Methanosarcina)
3.7 Advantages of Biogas Production
e Renewable source of energy
e Reduces waste and pollution
e Produces nutrient-rich slurry as manure
e Reduces dependence on fossil fuels

4. Comparison of Composting, Vermicomposting and Biogas Production

Aspect Composting Vermicomposting Biogas Production
Oxygen Aerobic Aerobic Anaerobic
. Microorganis . L
Main agents s Earthworms + microbes Anaerobic microbes
End product Compost Vermicompost Biogas + slurry
Energy
. No No Yes
production

Definition of Bioremediation

Bioremediation is a biological process in which microorganisms (bacteria, fungi, algae), plants
(phytoremediation), or microbial enzymes are used to degrade, detoxify, or immobilize pollutants
presentin soil, water, sediments, and air, converting them into harmless or less toxic substances.

Need for Bioremediation
1. Increasing Environmental Pollution

Industrial effluents, oil spills, agricultural runoff, municipal sewage, and improper waste disposal
have resulted in widespread pollution of ecosystems. Toxic chemicals persist in the environment
for long periods, posing serious threats to human health, wildlife, and biodiversity.
Bioremediation is needed to address this growing pollution burden effectively.
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2. Limitations of Conventional Remediation Methods

Traditional remediation methods such as incineration, excavation, chemical treatment, and
landfilling are often costly and disruptive to ecosystems. These methods may also generate toxic
by-products. Bioremediation offers a natural alternative that minimizes environmental damage
and secondary pollution.

3. Eco-friendly and Sustainable Approach

Bioremediation uses natural biological processes and living organisms, making it environmentally
friendly. It supports the principles of sustainability by restoring contaminated environments
without disturbing ecological balance.

4. Protection of Human Health

Pollutants such as heavy metals, pesticides, hydrocarbons, and _pathogens can cause serious
health problems including cancer, neurological disorders, andu-respiratory diseases.
Bioremediation helps reduce human exposure to these harmful substances by eliminating or
neutralizing pollutants.

5. Cost-effectiveness

Compared to physical and chemical remediation methods, bioremediation is relatively
inexpensive. It requires less energy, fewer chemicals, and minimal infrastructure, making it
suitable for large-scale and long-term remediation.projects.

6. Treatment of Diverse Pollutants

Bioremediation is effective against a wide range of pollutants including petroleum hydrocarbons,
chlorinated compounds, pesticides, dyes, sewage, and organic industrial wastes. Specialized
microbes can even tolerate and transform toxic substances.

7. Restoration of Natural Ecosystems

Bioremediation.not only removes pollutants but also helps restore soil fertility, water quality, and
ecological balance, allowing ecosystems to recover naturally.

Scope of Bioremediation

The 'scope of bioremediation is broad and continuously expanding due to advances in
microbiology, biotechnology, and environmental science.

1. Soil Bioremediation

Bioremediation is widely used to treat contaminated soils affected by oil spills, pesticides, heavy
metals, and industrial wastes. Microorganisms degrade organic pollutants, while plants and
microbes immobilize or transform heavy metals. Techniques include in situ and ex situ soil
treatment.
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2. Water and Wastewater Treatment

Bioremediation plays a crucial role in the treatment of sewage, industrial effluents, and
contaminated groundwater. Microorganisms remove organic matter, nutrients, pathogens, and
toxic compounds, improving water quality for safe discharge or reuse.

3. Marine and Oil Spill Cleanup

In marine environments, bioremediation is used to clean oil spills by stimulating.native oil-
degrading bacteria. This approach is less damaging to marine life compared to chemical
dispersants.

4. Industrial Waste Management

Bioremediation is applied in the treatment of industrial wastes such.asdyes, solvents, phenols,
and heavy metals. Microbial processes help detoxify wastes before their release into the
environment.

5. Solid Waste Management

Organic solid wastes are treated using composting, vermicomposting, and anaerobic digestion.
These processes reduce waste volume, generate useful products such as compost and biogas, and
minimize landfill use.

6. Air Pollution Control

Biofiltration and biotrickling filters use microorganisms to remove volatile organic compounds
(VOCs), odors, and toxic gases from industrial emissions, contributing to improved air quality.

7. Agricultural Applications

Bioremediation helps degrade. pesticide residues and improve soil fertility through microbial
activity. It supports sustainable agriculture by reducing chemical pollution and enhancing soil
health.

8. Genetic and Biotechnological Advances

The use of genetically engineered microorganisms (GEMs) and advanced microbial consortia has
expanded. the scope of bioremediation. These organisms are designed to degrade specific
pollutants more efficiently.

9. Global Environmental Protection and Climate Change Mitigation

Bioremediation contributes to global environmental protection by reducing pollution, restoring
ecosystems, and supporting carbon and nutrient cycling. It also helps mitigate climate change
impacts by enhancing natural degradation processes.

Advantages of Bioremediation

e Environmentally safe and eco-friendly
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e Cost-effective and energy-efficient

e Can be applied in situ with minimal disturbance

e Treats a wide range of pollutants

e Promotes ecosystem restoration
Limitations of Bioremediation

e Slower compared to some physical methods

e Effectiveness depends on environmental conditions

e Not suitable for all pollutants

e Requires careful monitoring and control
Introduction

Rapid industrial growth and extensive use of fossil fuels and'chemicals have resulted in the release
of persistent pollutants into the environment. Among these, hydrocarbons, oil spills, heavy
metals, and xenobiotics such as polychlorinated biphenyls (PCBs) are of major concern due to
their toxicity, persistence, and bioaccumulation. Biodegradation and bioremediation play a crucial
role in reducing the environmental impact of these pollutants by utilizing microorganisms and
biological processes.

1. Degradation of Hydrocarbons
1.1 Nature of Hydrocarbons

Hydrocarbons are organic ‘compounds composed of carbon and hydrogen. They are major
constituents of petroleum and include:

e Alkanes

e Alkenes

e Aromatic hydrocarbons

e Polycyclic aromatic hydrocarbons (PAHs)

These compounds enter the environment through oil exploration, refining, transportation, and
accidental spills.

1.2 Microbial Degradation of Hydrocarbons

Microorganisms utilize hydrocarbons as sources of carbon and energy. Both aerobic and
anaerobic pathways are involved.

Major hydrocarbon-degrading microorganisms:
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e Bacteria: Pseudomonas, Alcanivorax, Mycobacterium
e Fungi: Aspergillus, Penicillium
e Yeasts: Candida
1.3 Mechanism of Degradation
Initial oxidation by oxygenases
e Conversion into alcohols, aldehydes, and fatty acids
e Entry into central metabolic pathways
1.4 Significance
e Detoxification of polluted soils and waters
e Basis for bioremediation of petroleum-contaminated sites
2. Bioremediation of Qil Spills
2.1 Oil Spills and Environmental Impact

Oil spills occur during drilling, transportation, and storage of petroleum. They form surface films
that:

e Reduce oxygen exchange

e Damage marine flora and fauna

e Cause long-term ecological imbalance
2.2 Biological Cleanup of Oil Spills
Bioremediation of oil spills relies on stimulating indigenous oil-degrading microbes.
Approaches:

e Natural attenuation

e Biostimulation (addition of nutrients)

e  Bioaugmentation (addition of specialized microbes)
2.3 Microorganisms Involved

e Alcanivoraxborkumensis

e Pseudomonas spp.

e Rhodococcus
2.4 Advantages of Bioremediation of Oil Spills
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e Eco-friendly

e Less harmful than chemical dispersants
e Promotes natural ecosystem recovery

3. Bioremediation of Heavy Metals

Heavy metals are non-biodegradable and persist in the environment. Microorganisms help in their

transformation, immobilization, or detoxification.

3.1 Chromium (Cr)
Sources
e Tanning industries

e Electroplating

e Textile and dye industries

Toxicity

e Hexavalent chromium (Cr®*) is highly toxic and carcinogenic

Microbial Remediation

e Reduction of Cré* to less toxic Cr3*

e Biosorption and bioaccumulation

Microorganisms involved:
e Pseudomonas
e Bacillus
e Shewanella
3.2 Lead (Pb)
Sources
e  Battery manufacturing
e ““Paints and pigments
e Mining activities
Toxicity

e Affects nervous system
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e Causes kidney damage and anemia
Microbial Remediation
e Biosorption to cell walls
e Precipitation as insoluble compounds
Microorganisms involved:
e Bacillus
e Aspergillus
e Penicillium
4. Degradation of Xenobiotics — Polychlorinated Biphenyls (PCBs)

4.1 Xenobiotics

Xenobiotics are synthetic chemical compounds not naturally found in the environment. They are

resistant to degradation and often toxic.
4.2 Polychlorinated Biphenyls (PCBs)
Characteristics

e Chlorinated aromatic compounds

e Highly stable and persistent

e Bioaccumulative
Sources

e Electrical transformers

e Plasticizers

e Hydraulic fluids
Environmental Impact

e  Endocrine disruption

e ““Carcinogenic effects

e Long-term soil and water contamination
4.3 Microbial Degradation of PCBs

e Anaerobic dechlorination
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e Aerobic degradation of less-chlorinated PCBs
Microorganisms involved:

e Dehalococcoides

e Pseudomonas

e Burkholderia
5. Importance of Bioremediation of These Pollutants

e Reduces environmental toxicity

e Restores contaminated ecosystems

e Protects human health

e Cost-effective and sustainable
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UNIT-V

Plant Pathology

Citrus Canker: Infection Mechanisms of Xanthomonas citri subsp. citri

Citrus canker is a highly destructive bacterial disease affecting citrus crops worldwide and is
caused by the Gram-negative bacterium Xanthomonas citri subsp. citri (Xcc). The pathogen._has
evolved a complex and highly effective infection strategy that enables it to invade host tissues,
colonize plant surfaces, manipulate host cellular processes, and suppress plant defense responses.
Disease development involves multiple coordinated steps, including bacterial. entry “through
natural openings or wounds, secretion of virulence-associated enzymes and toxins, modulation of
host growth regulators, and interference with innate immune signaling pathways. These
mechanisms collectively result in the formation of characteristic raised, corky. lesions on leaves,
stems, and fruits, which serve as reservoirs for bacterial multiplication and dissemination.

Mode of Entry

The initial stage of citrus canker infection involves the entry of Xanthomonas citri subsp. citri into
susceptible citrus tissues. The bacterium primarily gains.access to the host through natural
openings present on the plant surface. Stomata, which ‘are microscopic pores involved in gas
exchange, represent one of the most important entry points. During periods of rainfall or high
humidity, water films form on the leaf surface, facilitating bacterial movement and enhancing
stomatal penetration. In addition to stomata, hydathodes located at leaf margins and lenticels
present on stems also act as natural portals for bacterial entry.

Apart from natural openings, wounds.play a critical role in disease initiation. Mechanical injuries
caused by strong winds, heavy rainfall, thorn scratches, pruning tools, and agricultural operations
expose internal plant tissues:and provide direct access for bacterial invasion. Insect-mediated
wounds are particularly significant in citrus canker epidemiology. Feeding damage caused by
citrus leaf miner larvae (Phyllocnistiscitrella) creates extensive galleries in young leaves, greatly
increasing susceptibility to.Xcc infection. Once inside the host, the bacterium rapidly colonizes
intercellular spaces and establishes infection.

Microbial Enzymes and Toxins

Following entry into host tissues, Xanthomonas citri subsp. citri produces a wide array of virulence
factors that facilitate colonization, nutrient acquisition, and disease development. One of the
major. pathogenic strategies involves the secretion of cell wall-degrading enzymes. These enzymes
include pectate lyases, cellulases, xylanases, and endoglucanases, which collectively degrade
major components of the plant cell wall such as pectin, cellulose, and hemicellulose. The
enzymatic breakdown of cell walls not only provides nutrients to the bacterium but also creates
intercellular spaces that facilitate bacterial spread within plant tissues.
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A key determinant of Xcc pathogenicity is the Type Ill secretion system (T3SS), a specialized
needle-like apparatus that injects bacterial effector proteins directly into host plant cells. Among
these effectors, PthA proteins belonging to the AvrBs3/PthA family play a central role in citrus
canker development. PthA effectors function as transcription activator-like (TAL) effectors that
enter the plant cell nucleus and modulate host gene expression. Their activity induces abnormal
cell division and enlargement, leading to cell hyperplasia and hypertrophy, which manifest.as the
raised, corky canker lesions characteristic of the disease.

In addition to enzymes and effectors, Xcc produces extracellular polysaccharides, primarily
xanthan gum, which is a major component of bacterial biofilms. Xanthan polysaccharide facilitates
bacterial adhesion to leaf surfaces, protects cells from desiccation and envirenmental stress, and
enhances resistance to host antimicrobial compounds. Biofilm formation also aids-in long-term
survival on the plant surface and contributes significantly to disease persistence and spread.

Manipulation of Plant Growth Regulators and Suppression of Plant Defense

A distinctive feature of citrus canker pathogenesis is the ability of:Xcc'to manipulate host plant
growth regulators to its advantage. PthA effector proteins secreted via the T3SS are transported
into the host nucleus, where they bind to promoter.regions_of specific citrus genes such as
CsLOB1. Activation of these genes alters normal hormonal balance by promoting the synthesis
and redistribution of plant growth regulators, particularly auxins and gibberellins. This hormonal
dysregulation leads to uncontrolled cell division ‘and tissue proliferation, resulting in canker
formation. The hypertrophied tissues provide“a nutrient-rich niche that supports bacterial
multiplication and survival.

Simultaneously, Xcc actively suppresses host'immune responses to establish successful infection.
Plants normally recognize conserved microbial features known as pathogen-associated molecular
patterns (PAMPs), such as bacterial flagellin, through pattern recognition receptors (PRRs). Xcc
interferes with this PAMP-triggered immunity by masking PAMPs or delivering effector proteins
that disrupt downstream signaling pathways. In addition to the T3SS, other secretion systems
such as Type IV (T4SS).and Type VI (T6SS) contribute to immune suppression and microbial
competition. These. systems enable Xcc to inject proteins and toxic molecules that inhibit host
defenses and eliminate competing microorganisms in the plant microenvironment.

Plant Defense Mechanisms Against Xanthomonas citri

Plants have evolved multiple layers of defense to protect themselves against pathogens such as
Xanthomonas citri subsp. citri. The first line of defense is PAMP-triggered immunity (PTI), which is
activated when plant surface receptors recognize conserved bacterial molecules like flagellin. PTI
leads to the activation of defense responses such as the production of reactive oxygen species
(ROS), strengthening of cell walls, and synthesis of pathogenesis-related (PR) proteins that inhibit
pathogen growth.

If the pathogen overcomes PTI through effector-mediated suppression, plants may activate a
second, more robust defense known as effector-triggered immunity (ETI). ETI is mediated by
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specific resistance (R) proteins that recognize pathogen effectors either directly or indirectly.
Activation of ETI often results in a hypersensitive response (HR), characterized by rapid localized
cell death at the infection site. This response restricts bacterial spread by depriving the pathogen
of living host tissue.

In addition to localized defenses, plants can activate systemic acquired resistance (SAR), a long-
lasting, broad-spectrum immune response that provides protection throughout the plant:"SAR is
typically mediated by salicylic acid and involves the accumulation of PR proteins in_uninfected
tissues. The application of SAR-inducing chemicals can mimic this natural defense mechanism and
is being explored as a disease management strategy.

Physical barriers also play a crucial role in plant defense. The cuticle and rigid cell'walls act as
structural barriers to bacterial entry. Mature, fully expanded tissues with thicker cuticles and well-
developed cell walls are generally more resistant to Xcc infection compared:to young, actively
growing tissues, which are highly susceptible.
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uninfected plants - Q- PR \ind-diriven rain can
> cause water congestion
. . P of tissues, form a column
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Bacterial Leaf Blight of Paddy: Host—Pathogen Interaction in Xanthomonas oryzaepv. oryzae

Bacterial leaf blight (BLB) is one of the most destructive diseases of rice worldwide and is caused
by the Gram-negative bacterium Xanthomonas oryzaepv. oryzae (Xoo). The disease leads to
severe yield losses, particularly under irrigated and monsoon conditions. The pathogenesis of BLB
involves a complex and dynamic interaction between the pathogen and the rice plant, in which
Xoo invades host tissues, deploys virulence-associated enzymes and effector proteins to establish
infection, and suppresses host immune responses. In response, the rice plant activates multiple
layers of defense mechanisms, including basal immunity, effector-triggered resistance, and
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hormone-mediated signaling networks. The outcome of this interaction determines disease
progression or resistance.

Mode of Entry and Disease Spread

The initial infection of rice plants by Xanthomonas oryzaepv. oryzae occurs primarily through
natural openings and wounds. Hydathodes, which are specialized pores located at the leaf tips
and margins and involved in guttation, serve as the most common and efficient entry points for
the pathogen. During periods of high humidity or rainfall, guttation fluid accumulates at
hydathodes, facilitating bacterial entry into the vascular system.

Wounds also play a significant role in disease initiation. Mechanical injuries caused by strong
winds, rain splash, insect feeding, and agricultural practices such as clipping of.seedlings during
transplanting provide direct access for the bacteria into internal planttissues. Once inside, Xoo
multiplies in the intercellular spaces of the leaf mesophyll and eventually enters the xylem vessels.
The bacterium then spreads systemically through the vascular system; leading to extensive
colonization and blockage of water transport.

As the disease progresses, characteristic water-soaked lesions develop along the leaf margins,
which later turn yellow and then necrotic. Under humid-conditions, bacterial cells exude from
lesions in the form of milky or yellowish droplets. These droplets dry to form a white crust, which
acts as a source of secondary inoculum. The pathogen is‘disseminated to healthy plants through
wind, rain splash, irrigation water, and contaminated tools, thereby intensifying disease spread in
the field.

Microbial Enzymes and Toxins in Pathogenesis

After successful entry, Xanthomonas oryzaepv. oryzae employs a range of biochemical tools to
colonize host tissues and cause disease. One of the key pathogenic strategies involves the
secretion of cell wall-degrading enzymes (CWDEs). These include cellulases, xylanases, and
pectinases, which degrade cellulose, hemicellulose, and pectin components of the plant cell wall.
The enzymatic degradation weakens host tissues, facilitates bacterial movement through
intercellular spaces, and releases nutrients essential for bacterial growth.

Another major virulence factor produced by Xoo is extracellular polysaccharide (EPS), primarily
xanthan gum. This sticky, viscous polysaccharide forms a protective biofilm around bacterial cells
and plays a crucial role in disease development. EPS accumulation within xylem vessels leads to
clogging, disrupting the upward movement of water and nutrients. This vascular blockage results
inwilting, leaf drying, and the typical blight symptoms observed in infected rice plants.

Although Xoo does not rely heavily on host-specific toxins, it produces metabolites and enzymes
that enhance its survival within the host. The bacterium synthesizes antioxidant enzymes such as
catalase and superoxide dismutase, which detoxify reactive oxygen species (ROS) generated by
the plant as part of its defense response. By neutralizing ROS, Xoo effectively reduces oxidative
damage and enhances its virulence and persistence within host tissues.
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Manipulation of Plant Growth Regulators and Suppression of Host Defense

A critical aspect of Xoo pathogenicity is its ability to manipulate host cellular processes using
secreted effector proteins. Through a specialized Type Il Secretion System (T3SS), the bacterium
injects transcription activator-like (TAL) effectors directly into rice cells. These TAL effectors.enter
the host nucleus and bind to specific DNA sequences, activating susceptibility (S) genes..Many of
these genes encode sugar transporters and metabolic regulators, leading to increased.nutrient
availability for the pathogen and suppression of immune responses.

Xoo also interferes with the host’s hormonal balance to favor infection. ‘Auxin (indole-3-acetic
acid, 1AA), a plant growth hormone, normally promotes growth ‘but can.suppress defense
responses against biotrophic pathogens. Xoo induces the expression of genes such as OsGH3.8,
which modulate auxin levels and enhance host susceptibility. ‘Abscisic acid (ABA) is another
hormone manipulated during infection; elevated ABA levels generally suppress defense signaling
and increase vulnerability to Xoo.

In contrast, salicylic acid (SA) and jasmonic acid (JA) are key defense-related hormones. SA is
primarily associated with resistance against biotrophic pathogens like Xoo, while JA often plays a
role in defense against necrotrophs and insects. Xoo attempts to suppress or modulate these
signaling pathways to weaken host resistance;.thereby allowing sustained colonization and
disease development.

Plant Defense Mechanisms Against Bacterial Leaf Blight

Rice plants possess multilayered defense mechanisms to counter Xoo infection. The first line of
defense is PAMP-triggered immunity (PTI), which is activated when pattern recognition receptors
(PRRs) on the plant cell surface recognize conserved pathogen-associated molecular patterns
(PAMPs) such as bacterial flagellin. PTI triggers basal defense responses including the production
of reactive oxygen species, reinforcement of cell walls, and activation of defense-related genes.

When the pathogen overcomes PTI through effector-mediated suppression, plants activate
effector=triggered immunity (ETI). ETI is mediated by specific resistance (R) genes that recognize
pathogen effectors, including TAL effectors, either directly or indirectly. This recognition leads to a
rapid ‘and-robust defense response often associated with the hypersensitive response (HR),
characterized by localized programmed cell death. In rice seedlings, severe ETI responses can
result in the “kresek” phase, where systemic vascular collapse leads to rapid wilting and death of
young plants.

Plant defense is further coordinated through hormonal signaling networks. Salicylic acid plays a
central role in resistance to Xoo by inducing pathogenesis-related (PR) proteins and strengthening
systemic defenses. Jasmonic acid and ethylene interact with the SA pathway in a complex manner,
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sometimes antagonistically and sometimes synergistically, to fine-tune the overall immune
response depending on the infection stage and genetic background of the host.

Breeding for Resistance and Disease Management

Among all management strategies, breeding for host resistance remains the most effective and
sustainable approach to controlling bacterial leaf blight. Several resistance genes such asXa21,
xa5, and xal3 have been identified and widely used in rice breeding programs. These .genes
provide durable resistance by recognizing specific pathogen effectors or limiting{pathogen-access
to essential host factors. The integration of resistant varieties with good agronomic-practices
significantly reduces disease incidence and yield losses, offering an environmentally friendly
alternative to chemical control.

Tobacco Mosaic Virus (TMV)

Tobacco Mosaic Virus (TMV) is one of the earliest discovered and most extensively studied plant
viruses, serving as a_classical model in plant virology. It is a plant-specific, positive-sense single-
stranded RNA virus belonging to the genus Tobamovirus. TMV is extremely stable in nature due to
its rigid rod-shaped capsid, allowing it to survive for long periods in dried plant debris,
contaminated. tools, and seed coats. Unlike bacterial or fungal plant pathogens, TMV does not
produce-toxins or extracellular enzymes to invade host tissues. Instead, disease development
occurs through the virus’s ability to hijack host cellular machinery, manipulate plant growth
regulators;,.and suppress host defense responses, ultimately leading to characteristic mosaic
symptoms, leaf distortion, and growth retardation.

Mode of Entry

TMV is incapable of penetrating intact plant epidermal layers or rigid plant cell walls on its own.
Therefore, mechanical injury is an absolute requirement for viral entry. The virus enters plant cells
when wounds expose the cytoplasm, allowing viral particles to come into direct contact with living
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cells. Such wounds are commonly produced during routine agricultural practices and natural plant
interactions.

The most important route of TMV entry is mechanical transmission. During handling of plants,
pruning, transplanting, or harvesting, sap from infected plants can contaminate workers’ hands
and farming tools. When these contaminated hands or tools come into contact with healthy
plants, the virus is mechanically introduced into fresh wounds, initiating infection. Similarly, plant-
to-plant contact, such as leaves rubbing against each other due to wind movement, creates micro-
abrasions through which TMV can gain entry.

TMV is also capable of surviving in infected plant debris and on seed coats for several years due to
its exceptional environmental stability. When such infected residues are present in soilor planting
material, they act as reservoirs of inoculum, causing new infections inisubsequent cropping
seasons. Importantly, unlike many other plant viruses, TMV is not transmitted by insect vectors
such as aphids or whiteflies, since it lacks the specific adaptations required for vector-mediated
transmission.

Microbial Enzymes and Toxins

As TMV is a virus and not a cellular microorganism, it does'not produce microbial enzymes, toxins,
or cell wall-degrading compounds that directly cause disease symptoms. TMV lacks independent
metabolic machinery and therefore relies entirely on the host cell’s biochemical systems for
replication and movement. Disease symptoms associated with TMV infection are not toxin-
mediated but are the result of profound ‘physiological and metabolic disturbances within infected
host cells.

The characteristic mosaic pattern observed on infected leaves arises from the uneven distribution
of chlorophyll, which is caused by the virus interfering with chloroplast development, chlorophyll
synthesis, and photosynthetic. efficiency. TMV replication disrupts ribosomal activity, protein
synthesis, and cellular . organization, leading to abnormal cell differentiation, reduced
photosynthesis, and impaired energy metabolism. These internal disruptions manifest externally
as mottling, yellowing, leafcurling, and overall stunted growth of the plant.

Growth Regulators

TMV infection significantly alters the normal balance of plant growth regulators, particularly
auxins,»which play a central role in cell elongation, differentiation, and apical dominance. The
virus produces a replicase protein that interacts with host Aux/IAA proteins, which are key
regulators of auxin signaling pathways. This interaction disturbs the normal localization and
degradation of Aux/IAA proteins, leading to abnormal auxin signaling.

As a consequence, infected plants exhibit symptoms such as leaf curling, distortion, stunting, and
abnormal growth patterns, which resemble hormonal imbalances. By manipulating auxin
signaling, TMV effectively reprograms host tissues, converting mature, relatively resistant cells
into physiologically favorable environments for viral replication. This hormonal interference not
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only facilitates viral multiplication but also weakens the plant’s capacity to mount effective
defense responses, thereby promoting systemic spread of the virus.

Suppressors of Plant Defense

TMV has evolved specialized strategies to overcome the plant’s innate immune system,
particularly mechanisms related to cell-to-cell movement and antiviral gene silencing. One_of the
most critical viral components involved in defense suppression is the 30 kDa movement protein
(MP or P30). This protein modifies the structure of plasmodesmata, the microscopic channels that
connect adjacent plant cells. Under normal conditions, plasmodesmata restrict.the passage of
large macromolecules; however, the TMV movement protein increases their size exclusion limit,
enabling the viral RNA—protein complex to move directly from one cell to another.

In addition to facilitating movement, TMV actively suppresses RNA silencing, which is one of the
most important antiviral defense mechanisms in plants. RNA silencing involves the recognition
and degradation of viral double-stranded RNA by host enzymes. TMV produces viral suppressor
proteins that interfere with this pathway, preventing the degradation of viral RNA. This
suppression allows the virus to replicate efficiently and. accumulate to high levels within host
tissues, leading to systemic infection.

Plant Defense Mechanisms

Plants possess multiple layers of defense to limit.TMV infection. One of the most effective
responses in resistant plant varieties is_the. Hypersensitive Response (HR). In this response,
infected cells and surrounding tissues undergo rapid programmed cell death, forming localized
necrotic lesions. This controlled cell death effectively restricts viral replication and prevents the
virus from spreading systemically through the vascular system.

In addition to localized responses, plants activate Systemic Acquired Resistance (SAR) and Induced
Systemic Resistance (ISR);.which.enhance resistance throughout the entire plant. These systemic
defenses involve the accumulation of defense-related enzymes such as peroxidases and
chitinases, as well as. phenolic compounds that strengthen cell walls and restrict viral movement.
Signaling molecules such as salicylic acid (SA) play a central role in SAR, while jasmonic acid (JA)
contributes to fine-tuning defense responses depending on the infection stage.

Another crucial antiviral defense is RNA silencing, wherein viral RNA is recognized as foreign and
selectively degraded by host RNA-interference machinery. Although TMV attempts to suppress
this mechanism, RNA silencing remains a major determinant of resistance in many plant species.

Conclusion

In summary, Tobacco Mosaic Virus causes disease not through toxin production or enzymatic
degradation of host tissues, but through mechanical entry, manipulation of host growth
regulators, suppression of plant defense mechanisms, and efficient cell-to-cell movement. The
outcome of TMV infection depends on the balance between viral virulence strategies and the
plant’s multilayered defense responses. Understanding these interactions has not only advanced
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plant virology but has also contributed significantly to broader concepts of host—pathogen
interactions and molecular plant immunity.
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Cucumber Mosaic Virus (CMV)

Cucumber Mosaic Virus (CMV) is one of the most economically important-and widely distributed
plant viruses, infecting more than 1,200 plant species including.cucumber, tomato, pepper,
banana, legumes, and several ornamental plants. CMV belongs.to the genus Cucumovirus and
possesses a positive-sense single-stranded RNA genome:.enclosed‘in a non-enveloped, icosahedral
capsid. Unlike bacterial and fungal plant pathogens, CMV. does not produce toxins, extracellular
enzymes, or growth-regulating compounds that.directly.damage host tissues. Instead, disease
development results from the virus’s ability to exploit host cellular machinery, alter hormone
signaling pathways, and suppress plant.defense:systems, particularly RNA silencing, using its
specialized 2b protein.

Mode of Entry

CMV lacks any active mechanism to. penetrate the rigid plant cell wall and cuticle. Therefore, it
depends entirely on external agents or physical damage for successful entry into host tissues. The
primary and most efficient mode of CMV transmission is through insect vectors, especially aphids.
More than 80 aphid species are capable of transmitting CMV in a non-persistent, stylet-borne
manner. In thissmode of transmission, the virus adheres temporarily to the aphid’s mouthparts
(stylet) and.is transmitted rapidly during brief probing of plant tissues. Because the virus is
retained only for a short time in the vector, aphids can acquire and transmit CMV within seconds,
making control extremely difficult.

In addition:to vector transmission, CMV can also spread through mechanical means. Agricultural
practices such as pruning, transplanting, and handling of plants can create minor wounds that
allow viral particles present on contaminated tools, hands, or plant surfaces to enter host cells.
Direct plant-to-plant contact, especially under dense cultivation conditions, further facilitates
mechanical transmission.

CMV is also known to undergo seed and pollen transmission in certain host species such as
cucumber, beans, lettuce, and spinach. Infected seeds act as a primary inoculum source, enabling
long-distance dissemination of the virus and initiating infection at early stages of plant growth.
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This multiple-entry strategy contributes significantly to the wide host range and global prevalence
of CMV.

Microbial Enzymes, Toxins, and Growth Regulators

Unlike fungal and bacterial phytopathogens that secrete cell wall-degrading enzymes (such as
pectinases, cellulases, and cutinases) or host-specific toxins to facilitate invasion and symptom
development, CMV does not produce microbial enzymes, toxins, or independent® growth
regulators. As a virus, CMV lacks metabolic independence and relies entirely on the host’s
ribosomes, enzymes, and energy resources for replication.

The symptoms associated with CMV infection—including mosaic mottling, leaf distortion,
chlorosis, stunting, and malformed fruits—arise from the virus disrupting normal-host cellular
processes rather than from toxic substances. CMV interferes with chloroplast structure and
function, leading to impaired photosynthesis and uneven chlorophyll distribution. Additionally,
the virus alters host gene expression and hormone signaling pathways, particularly those involving
auxins, jasmonic acid, and salicylic acid, resulting in abnormal growth patterns and reduced plant
vigor.

Suppressor of Plant Defense: The 2b Protein

A major factor contributing to CMV pathogenicity‘is the 2b protein, a multifunctional non-
structural protein that acts as a powerful viral suppressor of RNA silencing (VSR). RNA silencing is
the primary innate antiviral defense mechanism in.plants, involving the detection and degradation
of viral RNA. The CMV 2b protein directly interferes with this process by binding to viral small
interfering RNAs (siRNAs), preventing them from guiding the degradation of viral RNA.

Furthermore, the 2b protein interacts with and inhibits Argonaute 1 (AGO1), a central component
of the RNA-induced silencing complex (RISC). By suppressing AGO1 activity, CMV effectively
disables the host’s ability to target and destroy viral RNA, allowing unchecked viral replication and
systemic movement.

In addition to RNA silencing suppression, the 2b protein plays a significant role in hormone
pathway manipulation. It suppresses the jasmonic acid (JA) signaling pathway, which is essential
for plant defense against insect herbivores. This suppression indirectly enhances aphid feeding
efficiency.and promotes viral transmission. At the same time, the 2b protein can activate certain
components.of the salicylic acid (SA) pathway, creating a hormonal imbalance that favors viral
persistence while dampening effective defense responses.

Plant Defense Mechanisms

Plants have evolved several interconnected defense strategies to combat CMV infection. The most
fundamental antiviral defense is RNA silencing, in which viral double-stranded RNA intermediates
are recognized and cleaved by Dicer-like (DCL) enzymes, particularly DCL4 and DCL2, into siRNAs.
These siRNAs are then incorporated into AGO-containing complexes that specifically degrade viral
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RNA. Despite CMV’s ability to suppress this pathway via the 2b protein, RNA silencing remains a
crucial determinant of resistance.

In addition to basal defenses, plants may possess R-gene—mediated resistance, also known as
Effector-Triggered Immunity (ETI). Certain resistance (R) genes recognize specific CMV proteins,
such as the coat protein, triggering a rapid hypersensitive response (HR). This response involves
localized programmed cell death at the infection site, effectively restricting viral spread.

Plant defense is further regulated by hormonal signaling networks. Salicylic acid (SA) plays-a
central role in resistance to biotrophic pathogens like viruses and is involved in Systemic Acquired
Resistance (SAR), which provides long-lasting, broad-spectrum immunity throughout the plant.
Jasmonic acid (JA), although suppressed by CMV, contributes to defense against insect vectors
and interacts antagonistically or synergistically with SA signaling to fine-tune’ the immune
response.

Additionally, plants may limit CMV movement by reinforcing cell walls and depositing callose at
plasmodesmata, thereby reducing cell-to-cell viral movement.and slowing systemic infection.

Conclusion

In conclusion, Cucumber Mosaic Virus causes disease through a sophisticated strategy that relies
on vector-mediated and mechanical entry, exploitation of host cellular machinery, manipulation
of hormone signaling pathways, and suppression.of 'RNA silencing via the 2b protein. The
interaction between CMV and its host represents a dynamic molecular arms race, where viral
virulence mechanisms are countered by multilayered plant defense systems. Understanding these
interactions is essential for developing. effective disease management strategies, including
resistant crop varieties and vector control measures.

Red Rot of Sugarcane - Colletotrichum falcatum

Red rot is one of the most destructive diseases of sugarcane and is caused by the fungal pathogen
Colletotrichum  falcatum = Went, whose sexual (teleomorphic) stage is known as
Glomerellatucumanensis. The disease leads to severe yield loss and deterioration of cane quality,
especially sucrose content. The pathogen is primarily wound-invading in nature and depends on
infected planting material, enzymatic degradation of host tissues, toxin production, and
manipulation_of host metabolism and defense responses to establish successful infection. The
diseasevis characterized by reddening of internal tissues with white patches, wilting, and eventual
drying of canes.

Mode of Entry

The primary source of red rot infection is infected seed setts, which act as the main inoculum in
sugarcane cultivation. When diseased setts are planted, the pathogen already present inside the
tissues establishes infection during early stages of plant growth. Once the disease is established in
the field, the fungus spreads to healthy plants through several routes.
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The most important points of entry are wounds and natural openings present on the sugarcane
stalk. These include nodes, leaf scars, buds, root primordia, and growth cracks. These regions are
structurally weaker and physiologically active, making them highly susceptible to fungal
penetration. Mechanical injuries caused during harvesting, handling, intercultural operations, or
by insects further increase vulnerability.

The pathogen produces abundant conidia (asexual spores) that are disseminated by wind, rain
splash, irrigation water, and insects. Insects not only act as passive carriers of spores but also
create wounds while feeding, which facilitate fungal entry. Additionally, C. falcatum can survive in
the soil and crop debris in the form of resistant structures such as chlamydospores, enabling it to
infect newly planted setts in subsequent cropping seasons. This soil- and debris-borne survival
makes red rot difficult to eradicate once established.

Microbial Enzymes and Toxins

A major virulence strategy of Colletotrichum falcatum is the production of-hydrolytic enzymes and
phytotoxins that enable host tissue colonization and symptom development. The pathogen
secretes a wide range of cell wall-degrading enzymes (CWDEs) such as cellulases, pectinases,
hemicellulases, and xylanases. These enzymes degrade cellulose, pectin, and hemicellulose in the
plant cell wall, allowing the fungus to penetrate, spread intercellularly, and access host nutrients.

One particularly important enzyme produced by C. falcatum is invertase. This enzyme hydrolyzes
stored sucrose in sugarcane tissues into glucose and fructose. As a result, there is a drastic
reduction in sucrose content, leading to poor juice quality and economic loss. The simple sugars
released serve as readily available«carbon sources for fungal growth, enhancing pathogen
proliferation within host tissues.

In addition to enzymes, the pathogen produces phytotoxins, which are generally non-host-specific
toxic metabolites. These toxins disrupt cellular membranes, cause electrolyte leakage, and
interfere with normal physiological processes. The toxins are responsible for wilting symptoms
and the characteristic red discoloration of the internal cane tissues. An anthraquinone-like
compound has been identified as a major toxic metabolite associated with red rot pathogenesis,
contributing to tissue:necrosis and disease progression.

Growth Regulators and Suppression of Plant Defense

Colletotrichum falcatum actively manipulates host metabolism, growth regulation, and immune
responses to favor infection. During the early biotrophic phase, the pathogen alters the host’s
carbohydrate metabolism. It induces the expression of enzymes involved in sucrose synthesis and
metabolism, such as sucrose phosphate synthase (SPS), sucrose phosphate phosphatase (SPP),
sucrose synthase (SuSy), and acid invertases. This leads to localized accumulation of sucrose and
soluble sugars, creating a nutrient-rich environment that supports fungal growth.

The pathogen also produces candidate secreted effector proteins (CSEPs) that interfere with host
defense signaling. Proteins such as serine proteases, DJ-1/Pfpl family proteins, and glutathione S-
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transferases are believed to play key roles in suppressing host immune responses. These effectors
may detoxify reactive oxygen species (ROS), inhibit defense-related enzymes, or alter host gene
expression, allowing the fungus to evade or suppress plant defenses.

Interestingly, the phytotoxins produced by the pathogen can trigger the accumulation of
phytoalexins, especially 3-deoxyanthocyanidins, which are antimicrobial compounds synthesized
by sugarcane as a defense response. However, C. falcatum has evolved mechanisms to tolerate or
neutralize these compounds, thereby overcoming this defense and continuing colonization: This
highlights the dynamic interaction between host defense activation and pathogen .counter-
defense strategies.

Plant Defense Mechanisms

Sugarcane plants rely on both constitutive (pre-existing) and induced-(activated after infection)
defense mechanisms to combat red rot disease. The first line of defense is the physical barrier
provided by the hard rind of the cane and the fibrous nature of the nodes; which restrict pathogen
penetration and spread. Resistant varieties generally possess thicker rind tissues and stronger
nodal structures.

Upon pathogen invasion, resistant sugarcane varietiesw.exhibit strong biochemical defense
responses. There is an increased accumulation of phenolic.compounds, which have antimicrobial
properties and contribute to cell wall strengthening. Defense-related enzymes such as polyphenol
oxidase (PPO), peroxidase (PO), and phenylalanine ammonia lyase (PAL) show higher activity in
resistant cultivars, leading to lignification ‘and.formation of toxic quinones that inhibit fungal
growth.

Sugarcane plants also produce pathogenesis-related (PR) proteins, including chitinases and B-1,3-
glucanases, which directly degrade.fungal cell wall components like chitin and glucans. These
proteins limit fungal proliferation and enhance resistance.

In addition, sugarcane can develop induced systemic resistance (ISR) and systemic acquired
resistance (SAR), which provide broad-spectrum protection throughout the plant. These
resistance responses are often enhanced by beneficial microorganisms such as Pseudomonas
fluorescens and Trichoderma species, which prime the plant’s immune system and reduce disease
severitys

In summary,.red rot of sugarcane caused by Colletotrichum falcatum is a classic example of a
necrotrophic fungal disease involving wound-mediated entry, enzymatic degradation of host
tissues,. toxin production, manipulation of host sugar metabolism, and suppression of plant
defense mechanisms. The outcome of infection depends on the balance between pathogen
virulence factors and the plant’s physical, biochemical, and systemic defense responses.
Understanding these host—pathogen interactions is essential for developing effective disease
management strategies, including resistant varieties, clean seed programs, and biological control
approaches.
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Tikka Disease (Leaf Spot) of Groundnut

Tikka disease, commonly known as leaf spot disease of groundnut (Arachis hypogaea), is one of
the most important foliar diseases affecting groundnut cultivation worldwide. It is caused by two
closely related fungal pathogens: Cercosporaarachidicola (early leaf spot) and
Cercosporidiumpersonatum (late leaf spot). The disease results in characteristic necrotic spots on
leaves, premature defoliation, reduced photosynthetic area, and significant yield losses. The
success of these pathogens depends on efficient modes of entry, secretion of cell wall-degrading
enzymes, and production of the photoactivated toxin cercosporin, which plays a central role'in
virulence and suppression of host defense mechanisms.

Mode of Entry

The primary inoculum of Tikka disease consists of conidia or ascospores;.which survive between
cropping seasons in infected plant debris, volunteer plants, and sometimes seeds. Under
favorable environmental conditions—especially high humidity and moderate temperatures—the
spores are disseminated by wind, rain splash, irrigation water, anduinsects to healthy groundnut
plants.

Once the spores land on the leaf surface, infection occurs mainly by direct penetration or through
natural openings. In direct penetration, the fungal germ tube forms an appressorium that adheres
firmly to the leaf cuticle. The fungus then penetrates directly through the epidermal cell wall using
mechanical pressure combined with enzymatic activity. Alternatively, the pathogen can enter
through stomata, which serve as naturaliopenings on the leaf surface.

After successful entry, the fungal mycelium grows both intercellularly and intracellularly,
colonizing the leaf tissues. The pathogen forms stromata beneath the epidermis, which eventually
rupture the leaf surface to produce.conidiophores and conidia. These newly formed spores are
responsible for secondary spread, leading to repeated infection cycles during the cropping season
and rapid disease progression.

Microbial Enzymes and Toxins

A key factor.in the pathogenicity of Cercospora spp. is their ability to secrete a wide range of cell
wall-degrading. enzymes (CWDEs). These include cutinases, pectinases, cellulases, and
hemicellulases, which collectively degrade the cuticle and cell wall components of the host plant.
By breaking down these structural barriers, the fungi gain access to host nutrients and facilitate
deeper penetration and tissue colonization.

In addition to enzymes, the most important virulence factor associated with Tikka disease is the
toxin cercosporin. Cercosporin is a non-host-specific, photoactivated toxin produced by both C.
arachidicola and C. personatum. In the presence of light and oxygen, cercosporin generates
reactive oxygen species (ROS) such as singlet oxygen and superoxide radicals. These ROS cause
oxidative stress, leading to lipid peroxidation, membrane damage, chlorophyll degradation, and
cell death.
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The accumulation of dead cells results in the formation of characteristic brown to black necrotic
leaf spots surrounded by chlorotic halos. Severe toxin activity causes premature leaf drop
(defoliation), which drastically reduces photosynthetic efficiency and weakens the plant. Thus,
cercosporin plays a central role in symptom development and disease severity.

Growth Regulators and Suppression of Plant Defense

Although specific growth regulators directly produced by the pathogen have not been clearly
identified, Tikka disease significantly affects the hormonal balance of the host plant. Symptoms
such as premature leaf senescence and abscission suggest increased activity of’hormones like
ethylene, which is associated with aging and leaf drop. Disruption of normal hormonal regulation
contributes to reduced plant vigor and yield.

Cercosporin also acts as an effective suppressor of plant defense mechanisms. By generating
excessive reactive oxygen species, the toxin overwhelms the plant’s antioxidant defense system,
making it difficult for the host to mount an effective resistance response. The oxidative burst
induced by the toxin leads to widespread cell damage rather than localized defense, favoring
pathogen spread.

Furthermore, the ability of the fungus to grow both on thesurface and within host tissues helps it
evade early recognition by the plant immune system. Agronomic factors also influence disease
susceptibility; excessive application of nitrogen. and -phosphorus fertilizers promotes lush,
succulent foliage that is more prone to infection, whereas balanced nutrition can enhance host
resistance.

Plant Defense Mechanisms

Groundnut plants possess several defense mechanisms to counter Tikka disease, although their
effectiveness varies among cultivars. The first line of defense is the physical barrier formed by the
epidermis, cuticle, and «cell walls, which the pathogen attempts to breach through enzymatic
degradation or stomatal entry.

In resistant or moderately resistant varieties, the plant may activate a hypersensitive response
(HR), involving rapid,-localized cell death at the infection site. This response limits the spread of
the pathogen by depriving it of living host tissue.

Plants also. mount biochemical defenses, including the synthesis of phenolic compounds,
phytoalexins, and antioxidant enzymes that help neutralize reactive oxygen species. The existence
of resistant cultivars indicates the presence of genetic resistance mechanisms, which are widely
exploited in disease management programs.

Nutrient management plays an important role in plant defense. Adequate supply of potassium
strengthens cell walls and improves disease tolerance, while avoiding excessive nitrogen and
phosphorus reduces susceptibility. Integrated disease management combining resistant varieties,
balanced nutrition, and cultural practices is therefore essential for controlling Tikka disease.
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In  conclusion, Tikka disease of groundnut caused by Cercosporaarachidicola and
Cercosporidiumpersonatum is a classic example of a foliar fungal disease where direct penetration
or stomatal entry, cell wall-degrading enzymes, and the photoactivated toxin cercosporin play
decisive roles in pathogenesis. Disease development results from a complex interaction between
pathogen virulence factors and host defense responses. Understanding these mechanisms is
crucial for effective disease management and for developing resistant groundnut varieties.

Plant Disease Management

Plant disease management refers to the systematic application of scientific/principles and
practices aimed at preventing, reducing, or controlling plant diseases in order to.minimize crop
losses and ensure sustainable agricultural productivity. Plant diseases caused by fungi, bacteria,
viruses, nematodes, and other pathogens can significantly affect crop yield and quality if not
properly managed. Effective disease management does not rely on a single method; instead, it
integrates multiple approaches based on the biology of the pathogen, the host plant, and
prevailing environmental conditions. The major principles guiding plant disease management
include avoidance, exclusion, eradication, protection, and host resistance. In modern agriculture,
these principles are combined under the concept of Integrated Disease Management (IDM), which
emphasizes eco-friendly, economically viable, and sustainable disease control strategies.

Core Principles of Plant Disease Management
Avoidance

Avoidance is a preventive strategy that aims to reduce disease incidence by growing crops under
conditions that are unfavorable for the pathogen but favorable for the host plant. This principle is
based on the understanding that disease development depends heavily on environmental factors
such as temperature, humidity, rainfall, and soil conditions. By altering sowing or planting dates,
selecting appropriate geographical locations, or choosing well-drained soils, farmers can
effectively avoid peak periods of pathogen activity. For example, adjusting the sowing time of
crops can help escape periods of high humidity that favor fungal spore germination. Although
avoidance does.not eliminate the pathogen, it significantly reduces disease pressure and is
considered one of the.simplest and most cost-effective disease management strategies.

Exclusion

Exclusion_involves preventing the introduction of a pathogen into a disease-free area or crop
system. This principle is particularly important for managing diseases caused by seed-borne or
soil-barne pathogens. Exclusion is achieved through strict quarantine regulations, inspection of
planting materials, and the use of certified disease-free seeds and planting stock. Disinfection of
farm tools, machinery, and storage facilities also plays a vital role in exclusion. By ensuring that
pathogens do not gain entry into new regions or fields, exclusion helps protect crops from
potentially devastating diseases and is a critical component of national and international plant
health regulations.
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Eradication

Eradication focuses on eliminating or reducing the pathogen population after it has become
established in a field or environment. This principle includes practices such as removal and
destruction of infected plant parts, uprooting diseased plants, deep ploughing to bury infected
debris, crop rotation, and soil fumigation. Chemical treatments may also be used to kill pathogens
present in soil or plant residues. Although complete eradication of a pathogen is often difficult,
especially for soil-borne organisms, reducing inoculum levels can significantly lower disease
incidence in subsequent cropping seasons. Eradication is particularly effective when disease
outbreaks are detected early.

Protection

Protection aims to prevent infection by creating a physical or chemicalbarrier between the host
plant and the pathogen. This is commonly achieved through the application of fungicides,
bactericides, or other protective chemicals that inhibit pathogen growth-or spore germination.
Protective measures may also include physical barriers such as.mulches, seed coatings, or
protective coverings. Chemical protection is most effective when applied before infection occurs
and is widely used in managing foliar diseases. However, excessive reliance on chemicals can lead
to environmental pollution and pathogen resistance, highlighting the need for judicious and
targeted use.

Resistance

Resistance involves the use of plant varieties that possess inherent genetic ability to resist or
tolerate specific pathogens. Resistant plants may prevent pathogen entry, limit pathogen
multiplication, or reduce symptom severity. This principle is considered one of the most effective
and environmentally safe disease.management strategies. Resistance can be vertical (race-
specific) or horizontal (broad-spectrum), depending on the genetic basis. The development and
cultivation of resistant cultivars through conventional breeding or modern biotechnological
approaches play a crucial role in long-term disease management.

Management Strategies in Plant Disease Control
Cultural Practices

Cultural practices are agronomic techniques that reduce disease development by modifying the
crop environment. These include crop rotation to break pathogen life cycles, proper sanitation
through removal of crop residues, balanced fertilization, appropriate irrigation practices, and
maintenance of optimal plant spacing to reduce humidity. Cultural practices improve soil health
and plant vigor, making crops less susceptible to infection. Although cultural methods alone may
not provide complete disease control, they form the foundation of sustainable disease
management.
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Biological Control

Biological control involves the use of beneficial microorganisms or natural enemies to suppress
plant pathogens. These beneficial organisms may act through competition for nutrients and space,
parasitism, production of antimicrobial compounds, or induction of plant defense mechanisms
such as Induced Systemic Resistance (ISR). Common biocontrol agents include species of
Trichoderma, Pseudomonas, and Bacillus. Biological control is environmentally friendly and
compatible with sustainable agriculture, making it an important alternative to chemical.control.

Genetic Control

Genetic control is closely related to the principle of resistance and involves the deployment of
disease-resistant crop varieties. Advances in plant breeding and molecular biology have enabled
the identification and incorporation of resistance genes into commercial cultivars. Genetic control
reduces the need for chemical inputs and provides long-term disease management. However,
continuous monitoring is necessary because pathogens can evolve and overcome resistance
genes.

Physical and Chemical Control

Physical methods include practices such as soil solarization, hot water treatment of seeds, and use
of heat or radiation to eliminate pathogens:.Chemical control involves the application of
fungicides, bactericides, and nematicides. to ‘manage diseases when other methods are
insufficient. While chemical control provides ‘quick and effective results, it must be used
responsibly to prevent environmental damage, ‘health hazards, and development of resistant
pathogen strains.

Monitoring and Diagnosis

Regular monitoring and accurate diagnosis are essential components of effective disease
management. Early detection through field scouting allows timely implementation of control
measures before disease spreads extensively. Proper identification of the causal agent ensures
that the selected management strategy is appropriate and effective. Diagnostic tools, including
visual assessment and.laboratory techniques, play a crucial role in disease management programs.

Integrated Disease Management (IDM)

Integrated Disease Management is a holistic approach that combines multiple disease
management principles and strategies to achieve effective, economical, and environmentally
sustainable control of plant diseases. IDM emphasizes the integration of cultural, biological,
genetic, physical, and chemical methods rather than reliance on a single control measure. By
reducing dependence on chemical pesticides, IDM helps minimize environmental pollution, delays
the development of pathogen resistance, and promotes healthier agro-ecosystems. IDM is widely
accepted as the most practical and sustainable approach to plant disease management in modern
agriculture.
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