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Introduction to Nanomaterials:
Definition, properties,
applications.
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2
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Classification of nanomaterials:
Carbon-based, metal-based,
polymers.

ALy g gagall g
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Synthesis approaches: Top-down

vs. Bottom-up methods.

ALl g sasall  agd
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Physical synthesis methods: Ball
milling, laser ablation.

ALl g sagall  agd
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Chemical synthesis methods:
Sol-gel, co-precipitation,
hydrothermal.
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Biological/Green synthesis:
Using plants, microbes, eco-
friendly methods.

LAy g el agh
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Surface functionalization of
nanoparticles.
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ntroduction to characterization
techniques.
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Microscopy techniques: SEM,
TEM — principles and
applications.

ALl g el agd
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Spectroscopy techniques: UV-
Vis, FTIR, Raman.

ALl g sagall  agd
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X-Ray Diffraction (XRD):
Crystal structure analysis.

ALl g gl agd
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Dynamic Light Scattering (DLS),
Zeta potential — size and
stability.
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Thermal analysis: TGA, DSC —
thermal stability and transitions.
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Case studies: Nanomaterials in
agriculture or biology.
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Final project presentation /
practical assessment / review.
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Introduction to Molecular
Biology and Agricultural
Biotechnology.

e AU § gy sall o8
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Structure and function of DNA
and RNA .

o AL 5 mpl ogd

c);bbA

DNA replication and repair
mechanisms.

e Ll 5 & suin gall agd
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Transcription, translation, and
gene expression.

e Al 5 & guia gall agh

oJ»'AIA.A

DNA and RNA extraction and
purification methods.

e Al 5 & guia gall agh
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Polymerase Chain Reaction
(PCR): Principles and
Applications.
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Molecular hybridization and
Blotting techniques.

e G gy pall g
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Molecular markers and their
agricultural applications.
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Gene transfer methods
(Agrobacterium, gene gun,
electroporation).

e G 5 gy pall ngd

c).;'a\A.A

Genetically Modified Organisms

(GMO:s): Concepts and examples.

o Tl 5 g gyl o
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Applications of biotechnology in
disease resistance and crop
improvement.
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Biotechnology in animal
agriculture.
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Bioethics and biosafety in
agricultural biotechnology.
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Recent trends and innovations in
molecular biotechnology.
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Final review, student
presentations, and evaluation.
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Introduction to experimental
design — Objectives —

Differences between sle LG 5 & g sall agh
experiments and surveys — e JSh adpls
Importance of statistical
analysis.
Basic concepts: Population le L 5 & s pall agd

and sample — Variables — =
Types of data. e JSh adpls

Hypothesis testing — Null Sl L), &}.’4}‘\3\ oE

and alternative hypotheses — vy
Significance levels. e JS 4l

Completely Randomized e L 5 & g gall g

Design (CRD): structure, T .
assumptions, analysis. g JSoy diplad

Practice and examples on sl ALl 5 & g gall agb
CRD. e Sy Al
Randomized Complete
Block Design (RCBD): e LAl 5 & g gall agd
structure, error control, e Jay Ayl
analysis.
Practical examples of e ALl § g gl agh

RCBD using statistical S aals
software. &= JSdy 4y

Latin Square Design: Lo Al t}“‘}““” o

assumptions, layout, o Aduda
analysis. & C-

Comparison of CRD, e AU 5 ¢ g gall agd

RCBD, and LSD — e
Advantages and limitations. e Sy dapl

Factorial Experiments (2x2, Ll AL & sua sl agh

3x3): main effects and Sy
interactions. e JCh adplas

Analysis of factorial e ALl 5 & gia gall a6
experiments within RCBD. anaa JS8y 4iyls
Mean comparisons — LSD e AL tJ**'J*S‘ agd

Test — Duncan’s Multiple o Al
.Range Test & T
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.(Controlled Release Systems) 4 aSaia (33 dakail aracai 5
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Introduction to
Nanoscale :Nanotechnology

concept, Unique AL 5 & sein pall o

physicochemical properties of -
nanomaterials, Comparison g Sy alpdad e

between bulk and nanoscale
materials.

Types of Nanomaterials in
Agriculture: Metallic
nanoparticles (Ag, ZnO, ALl 5 & sun sall agd

Fes04),Polymeric e J ddpls e
nanoparticles,Nanoemulsions
and nanocapsules.
Synthesis of Nanoparticles:
Physical methods, Chemical | 4Ll g sall agd

methods, Green synthesis e J ddpls e
(biological approach).

34
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Characterization Techniques:

SEM and TEM, XRD, FTIR,

Particle size and zeta potential
analysis.

A5 £ sl o
coe U il e

Nanopesticides: Definition
and concept, Types of
nanoformulations,
Advantages over conventional
pesticides.

Ll 5 & guin sall 2

Mechanisms of Action of
Nanopesticides: Against
insects, Against fungi,
Against bacteria, Against
nematodes.

Al 5 g gum sall pgd
e JSE ik e

Controlled Release Systems:
Nanoencapsulation, Targeted
delivery, Stability
enhancement and reduced
degradation.

A gyl
comen ISy il Lo

Nanofertilizers: Concept and
classification, Differences
from conventional fertilizers,
Slow and controlled nutrient
release.

A5 sl o
cm Uy it o

Absorption and Translocation
of Nanoparticles in Plants:
Foliar Absorption, Root
Absorption, Internal transport
mechanisms.

AL 5 & gaa gall agd

Impact of Nanofertilizers on
Plant Growth: Vegetative
growth, Yield improvement,
Nutrient Use Efficiency
(NUE).

s g gun sl pgd

Case Studies and
Applications: Nano-zinc,
Nano-iron, Silver
nanoparticles in disease
management.

Ay el oyl
ce U i o

Environmental and
Toxicological Aspects: Soil
interactions, Effects on soil

microbiota, Phytotoxicity and
human safety.

A ¢y el gl
SR APHE

Nanotechnology and
Sustainable Agriculture:
Reduction of chemical inputs,
Environmental protection,
Smart farming systems.

A 5 g gum sl pgd
cmn JSE 4k e

Recent Trends and
Nanosensors in :lnnovations

U g pum pall pgd
e JSE ik e




agriculture, Precision
agriculture, Integration with
Al technologies.
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Introduction to Nanotechnology
Historical :in Life Sciences
development, Nanoscale
properties and biological
relevance, Interdisciplinary
integration.

A5 ¢ sl o
mie UK il Lo

Types of Nanomaterials in
Life Sciences: Metallic
nanoparticles (Ag, Au,

Zn0), Polymeric
nanoparticles, Lipid-based
nanoparticles, Quantum
dots.

AL 5 & gaa gall agd

Synthesis of Biogenic
Nanoparticles: Physical methods,
Chemical methods,
Green/biological synthesis.

A5 sl o
cie Uy it o

Characterization
Techniques: Transmission
Electron Microscopy (TEM),
Scanning Electron Microscopy
(SEM), X-ray Diffraction (XRD),
Fourier Transform Infrared
Spectroscopy (FTIR), Dynamic
Light Scattering (DLS).

AL g goingall pgd
o Uy 4kl e

Nanoparticle—Cell Interactions:
Cellular uptake mechanisms,
Endocytosis pathways, Immune
system interactions.

A 5 g gum sl pgd
cmn JSE ik e

Nanotoxicology: Oxidative
stress, Cytotoxicity assays, Risk
assessment.

A 5 ¢ gum sl pgd
e JSEy 4kl e

Nanotechnology in Medical
Diagnostics: Biosensors, Nano-
imaging systems, Biomarker
detection.

A g sl
comen ISy Al Lo

Nanotechnology in Drug
Delivery: Targeted drug
delivery systems,
Controlled release
mechanisms, Cancer
nanotherapy.

A g sl
comen ISy Al Lo




Nanotechnology in Vaccines and
Gene Therapy: Nanocarriers,
RNA/DNA delivery systems,

Immunomodulation.

A5 ¢ s sl o
con U il e

Nanotechnology in
Microbiology: Antimicrobial
nanoparticles, Biofilm inhibition,
Combating antibiotic resistance.

Al 5 g gum sall pgd
o JSE, i e

Nanotechnology in Agriculture:
Nano-fertilizers, Nano-pesticides,
Nutrient use efficiency.

A5 s sl
ce Uy il o

Environmental Nanotechnology:
Water purification, Pollutant
removal, Environmental
Nanosensors.

A5 s sl
cie Uy il o

Nanobiotechnology Applications:
Enzyme immobilization on
nanoparticles, Tissue
engineering, Regenerative
medicine.

A5 sl
cie Uy it o

Ethical, Regulatory, and
Biosafety Issues: International
regulations, Ethical
considerations, Laboratory safety
guidelines.

AL 5 & suin sall agh

Student Presentations and
Research Discussions: Research
proposal presentations, Recent
scientific papers discussion, Final
evaluation.

A5 sl
cie Uy it o
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Introduction to sustainable
agriculture: History and LLGE) o)) e
olaial o_pralaa development of organic o }SS&.,}G..}A: ‘:jc

farming, Role of organic & T
agriculture in food security.

Principles of organic
agriculture: Differences
between conventional and ALl 5 & san sall agd
organic systems, Ecological | msa (S5 aauki e
foundations of sustainable
farming.

Soil fertility in organic
systems: Soil organic matter AL 5 & sun sall agd
and soil health, Soil microbial | e JSd 4iwks e

activity.

Organic fertilizers (compost,
manure, green manure): AL 5 g gum gall agd

Compost preparation vy
techniques, Quality evaluation | &= JSdy agpls e

of organic fertilizers.




Nutrient management in
organic farming: Nutrient
cycling, Biological nitrogen
fixation.

A5 £ sl o
e U il e

Sustainable water
management: Drip irrigation
systems, Water conservation

strategies.

AL s ¢ sl o
e ISy 4kl e

Biological pest control:
Natural enemies, Botanical
extracts in pest management.

A5 sl o
me UK il Lo

Weed management without
synthetic herbicides:
Mulching techniques, Crop
rotation systems.

A5 £ sl o
cie Uy it o

Biodiversity in organic
farming systems:
Intercropping, Mixed

cropping.

AL 5 & saa gall agd

Organic greenhouse
production: Organic vegetable
and fruit production systems.

A5 sl o
cie Uy il o

Organic livestock production:
Organic feed, Animal health
management in organic
systems.

A5 sl o
cie Uy il o

Organic certification and
accreditation: International
organic production standards,
Marketing of organic
products.

AL g goingall pgd
o Uy 4kl e

Organic certification and
accreditation: International
organic production standards,
Marketing of organic
products.

AL g goingall pgd
o Uy 4kl e

Climate change and organic
agriculture: Carbon
sequestration in organic
systems, Climate-resilient
farming strategies.

s g gun sl ogd
con S il e

Student project presentations:
Design of an integrated
organic farming system.

A ¢y el ol
SR APHE
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Introduction to Nanotechnology:
Definition and history of
nanotechnology, Nanoscale
dimensions and significance,
Comparison between bulk and
nano materials.

LN 5 £ gom gall agd

Properties of
Nanomaterials: Physical
and chemical properties,

Surface area and reactivity,
Quantum effects.

A gyl
con ISy il Lo

Nanoparticle Synthesis Methods:
Physical methods, Chemical
methods, Green synthesis
(biological methods using plant
extracts and microbes).

AL 5 & saa gall agd

Characterization Techniques:
Scanning Electron Microscopy
(SEM), Transmission Electron
Microscopy (TEM), X-Ray
Diffraction (XRD), FTIR
spectroscopy, Particle size and
zeta potential analysis.

A5 sl o
NP

Plant-Nanoparticle Interactions:
Entry pathways (root and foliar
uptake), Translocation
mechanisms, Bioaccumulation.

A 5 g gum sl ogd
cmn JSE 4k e

Nano-Fertilizers: Concept and
formulation, Controlled nutrient
release, Improving nutrient use

efficiency.

L 5 & sunsall agd

Nano-Pesticides: Targeted
delivery systems, Reduced
environmental contamination,
Pest and disease management.

Ay el oyl
e U i o

Effects on Seed
Germination and Plant
Growth:Germination
enhancement,
Photosynthesis, Biomass
production.

A g sl
comen ISy Al Lo

Nanotechnology in Biotic Stress
Management: Disease resistance,
Induced systemic resistance,
Antimicrobial nanoparticles.

A g sl
comen ISy Al Lo




Nanotechnology in Abiotic Stress
Management: Salinity stress, LGl 5 & guin gall agh
Drought stress, Heavy metal e J adpls e

stress, Heat stress.
Nanotechnology and Gene
Expression: Influence on gene s vys . ;
regulation, Molecular signaling Gl &”«“‘:ﬂ?@
pathways, Nanocarriers for gene | &= ISy Akl e
delivery.
Improving Crop Quality and
Productivity: Nutritional s vys . :
enhancement, Post-harvest L &”«“‘:ﬂ?@
preservation, Smart agriculture &= ISy adplal e
applications.
Nanotoxicology: Toxicity
mechanisms, Oxidative stress, LGl 5 & guin gall agh
Environmental impact e J adpls e
assessment.
Biosafety and Regulations: Risk

assessment, Ethical Al s oall agd
- . . ]y & sea sall gl
considerations, International €

regulatory frameworks. & Akl Gl w".,w‘
B
2R anii .11
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alil) cilianst) i

i Jo Sl ) Giags AN g Adhall Lgd Ja A AN cilp) el clsplad) o Jaida
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Introduction to Microbiology:
Definition and scope of
microbiology, Historical

development, Contributions of | %Ll 5 & sua sall agd
Louis Pasteur and Robert | msaa JS5 4iuki e

Koch, Importance in
medicine, agriculture, and
industry.

Microscopy and Laboratory
Techniques: Types of
microscopes (light and ALl 5 & gun sall agd

electron), Specimen e JSh adphi e
preparation, Staining
techniques overview.

Prokaryotic Cell Structure:

Structure of bacterial cells, AL & uia PN ag

Cell wall composition, - .
Capsule, flagella, pili, | = IS ek e

Cytoplasm and nucleoid.

Bacterial Classification and
Gram Staining: Principles of Bl ¢ pum gall agd

bacterial taxonomy, Gram e
.= ! » g
staining procedure, Tonaa (0 adphs e

Differences between Gram-




positive and Gram-negative
bacteria.

Microbial Growth: Bacterial
growth curve, Physical and
chemical factors affecting

growth, Culture media types.

Al 5 g gum sall pgd

Sterilization and Disinfection:
Physical methods (heat,
radiation, filtration), Chemical
agents, Biosafety levels.

AL 5 & gm sall agd

Fungi: General characteristics,
Morphology of yeasts and
molds, Medical and

agricultural importance.

A5 £ sl o
cie Uy it o

Viruses: Structure of viruses,
Viral replication cycles,
Animal and plant viruses.

AL 5 & gaa gall agd

Protozoa and Algae: General
characteristics, Ecological
importance, Pathogenic
protozoa.

)5 sl o
cie Uy it o

Microbial Genetics: DNA
replication, Mutations,

Horizontal gene transfer
(transformation, transduction,
conjugation), Plasmids.

A gyl
comn ISy il Lo

Antimicrobial Agents:
Mechanisms of action of
antibiotics, Antimicrobial

susceptibility testing,
Antibiotic resistance
mechanisms.

A 5 g gum sl pgd
cmn JSE 4Rl e

Microbial Pathogenesis and
Immunity: Infection and
disease processes: Virulence
factors, Host immune
response.

AL g goingall pgd
o Uy 4kl e

Nitrogen cycle,
Biogeochemical cycles,
Bioremediation.

Environmental Microbiology:

A ¢y el oyl
SR APHE

Industrial Microbiology:
Fermentation processes,

enzymes, Biotechnology
applications.

Production of antibiotics and

A ¢y el gl
ce U i o
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Introduction to Cell Biology:
History of cell biology, Cell
theory, Contributions of
scientists (e.g., Robert Hooke,
Theodor Schwann, Matthias
Schleiden), Overview of
prokaryotic vs. eukaryotic
cells.

A5 sl
cie Uy it o

Chemical Components of the
Cell: Biomolecules (proteins,
lipids, carbohydrates, nucleic
acids), Water and Ph,
Macromolecular structure and
function.

AL g gum pall pgd
o U 4kl e

Cell Membrane Structure:
Fluid mosaic model,
Phospholipid bilayer,
Membrane proteins,

Membrane fluidity.

AL 5 & guin sall agd

Membrane Transport: Passive
transport (diffusion, osmosis),
Active transport, lon channels
and pumps, Endocytosis and
exocytosis.

A £y el g
cn Sy il Lo

Cytoplasm and Cytoskeleton:
Microfilaments, Intermediate
filaments, Microtubule,
Cellular movement.

A £y el g
SR APHE

Nucleus and Ribosomes:
Nuclear envelope, Chromatin
organization, Nucleolus,
Ribosome structure and
function.

A £yl g
ce U i o

Endomembrane System:
Endoplasmic reticulum (RER

T ¢ ol g
con Sy il Lo

52




& SER), Golgi apparatus,
Lysosomes, Protein sorting
and trafficking.

Mitochondria and
Chloroplasts: Structure and
function, Cellular respiration,
Photosynthesis,
Endosymbiotic theory.

ALl 5 & guin sall 2

Cell Communication and
Signaling: Types of signaling
(autocrine, paracrine,
endocrine), Signal
transduction pathways,
Receptors (membrane &
intracellular).

Al 5 g gum pall pgd
e JSE i e

Cell Junctions and
Extracellular Matrix: Tight
junctions, Desmosomes, Gap
junctions
Cell adhesion molecules.

A gyl
comen ISy il Lo

Cell Cycle: Phases of cell
cycle (G1, S, G2, M), Cyclins
and CDKs, Checkpoints.

AL 5 & gaa gall agd

Mitosis and Meiosis: Stages of
mitosis, Stages of meiosis,
Genetic variation.

Al 5 g gum pall pgd
e JSE, i e

Gene Expression and
Regulation: DNA replication,
Transcription, Translation,
Gene regulation in
prokaryotes and eukaryotes.

ALl 5 & gaim sall ag

Apoptosis and Cell Death:
Programmed cell death,
Necrosis, Role in development
and disease.

Ay el ol
cn Sy il Lo

Cancer Biology and Cell
Disorders: Oncogenes and
tumor suppressor genes,
Cellular mutations, Overview
of cellular basis of diseases.
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