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	I. COURSE CONTENT
The aims and objectives of Introduction to Plant Physiology, Physiology of the Plant Cell, Regulatory and Integration Systems in Plants (Hormonal Regulation System), Water Exchange Physiology in Plants,
Mineral Nutrition Physiology (Importance in Plant Life), Mineral Nutrition Physiology (Plant Reserve Compounds), Photosynthesis Physiology, Respiration Physiology, Transport of Substances in Plants, Growth and Development Physiology of Plants, Reproduction Physiology of Plants, Plant Movements, Plant Tolerance to Adverse Factors, Enhancement of Plant Resistance, Protection of Plants from Pathogens and Phytophages  to train specialists with knowledge and skills in such topics as.
II. MAIN THEORETICAL SECTION (LECTURE SESSIONS)
The course includes the following topics:

Topic 1. Introduction to Plant Physiology.

Objects and subject of plant physiology. History of the development of plant physiology and its research methods. Tasks of plant physiology and its relationships with other sciences.

Topic 2. Physiology of the Plant Cell.

Cytoplasm and its modern model; vacuole; plastids; mitochondria; ribosomes; peroxisomes; lysosomes; endoplasmic reticulum; Golgi apparatus. Cytoplasmic movement. Viscosity and elasticity of protoplasm. Diffusion and osmosis. Cell suction force.

Cell wall, biological membranes, and protoplasm. Chemical composition of biological membranes. Transport of substances across membranes, transport of macromolecules through membranes, ionophores. Excitation specific to plant cells and mechanisms of signal transmission.

Topic 3. Regulatory and Integration Systems in Plants (Hormonal Regulation System)

Properties and physiological functions of auxins, gibberellins, cytokinins, abscisic acid, ethylene, and other phytohormones. Electrophysiological regulation.

Topic 4. Physiology of Water Metabolism in Plants.

The importance of water in plant life. Physicochemical properties of water. Forms of water in soil: free and bound water. Basic principles of water uptake by cells. Aquaporins. Thermodynamic parameters of water regime: water activity, chemical potential, suction force. Water absorption by roots, root pressure, mechanisms of water transport within plants.
Guttation and transpiration and their physiological significance. Transpiration coefficient, rate, and efficiency. Cuticular and stomatal transpiration. Influence of environmental factors on transpiration rate. Regulation of transpiration, water balance in plants, cohesion–tension theory, antitranspirants.
Ecology of water metabolism in plants. Characteristics of water exchange in plants of different ecological groups and their adaptation to environmental factors. Physiological basis of irrigation and its agricultural importance. Effects of water deficit on physiological processes.
Topic 5. Physiology of Mineral Nutrition (Its Importance in Plant Life)

Significance and history of the study of mineral nutrition. Macro-, micro-, and ultramicroelements. Physiological and biochemical importance of essential nutrients. Pathways of ammonia assimilation. Symbiotic function of molecular nitrogen. Sulfur and phosphorus, their compounds, and physiological significance.
Topic 6. Physiology of Mineral Nutrition (Reserve Compounds in Plants)

Potassium and its effects on protoplasmic properties, protein synthesis, and enzyme activity. Calcium: formation of the cell wall and its role in maintaining membrane structure. Magnesium and chlorophyll. Importance of sodium, iron, silicon, and aluminum. Microelements: physiological roles of copper, manganese, molybdenum, zinc, and boron.
Passive and active ion transport, ion pumps, ion antagonism, short-distance ion transport in roots. Physiological basis of fertilizer application in agriculture. Mineral nutrition during plant ontogenesis. Methods and timing of fertilization. Soilless cultivation methods: hydroponics and aeroponics.
Topic 7. Physiology of Photosynthesis

Essence and importance of photosynthesis and the history of its study. Ontogenesis and phylogenesis of chloroplasts. Types and evolution of plastids. Electron transport chain in photosynthesis of higher plants and formation of reducing power. Main types of photophosphorylation: cyclic, non-cyclic, and pseudocyclic. Energetics of photosynthesis. Artificial photosynthesis. Photolysis of water. Emerson effect. C₃, C₄, and CAM pathways of photosynthesis. Endogenous mechanisms regulating photosynthesis.
Photosynthesis and overall plant productivity. Effects of light, temperature, carbon dioxide, water, oxygen, and other factors on photosynthetic productivity. Daily and seasonal intensity of photosynthesis. Role of green plants in the biosphere.
Topic 8. Physiology of Respiration.

History of the development of respiration theory. Oxidation–reduction processes in cells and their mechanisms. Biological significance of respiration. Catalytic systems of respiration. Mechanisms of activation of substrates and molecular oxygen. Biological oxidation. Respiration coefficient and respiratory pathways.
Topic 9. Physiology of Respiration.

Main pathways of carbohydrate dissimilation. Pentose phosphate pathway of glucose oxidation. Glyoxylate cycle. Oxidative phosphorylation. Mechanism of ATP synthesis. Regulation of respiration. Dependence of respiration on internal and external factors (oxygen, carbon dioxide, light, temperature, water, etc.). Importance of respiration in the storage of agricultural products.
Topic 10. Transport of Substances in Plants.

Transport in xylem. Transport in phloem. Movement of organic substances. Forms of transport. Role of substance transport in plant integration.
Topic 11. Physiology of Plant Growth and Development.

General laws of growth. Types of growth: apical, basal, intercalary, radial. Growth phases: embryonic, elongation, differentiation. Cell growth during elongation phase and the mechanism of auxin action. Cell and tissue differentiation and determination. Totipotency of plant cells and genome expression.
Mandatory and physiological dormancy of seeds. Methods for measuring growth. Correlative growth. External and internal factors regulating development. Root–shoot relationships. Influence of environmental factors on growth. Biological clocks. Synthetic growth inhibitors and stimulators.
Topic 12. Movements in Plants.

Intracellular movements. Plant movements. Upward growth. Tropisms. Nastic and seismonastic movements. Evolution of movement mechanisms.
Topic 13. Plant Resistance to Unfavorable Factors.

Stress, adaptation, and resistance. General principles of adaptive plant responses to environmental stress. Stress proteins. Plant resistance to drought: soil and atmospheric drought. Mechanisms of cellular excitation and biochemical defense systems.
Disruption of physiological and biochemical processes in plant tissues. Adaptation mechanisms of xerophytes to arid conditions. Disturbances of metabolism under excessive moisture. Resistance to anoxia. Effects of high temperature and heat resistance. Resistance to cold and extreme cold.
Topic 14. Enhancement of Plant Resistance.

Plant hardening. Influence of habitat conditions on winter hardiness. Physiological significance of the effects of autumn–winter climatic conditions on plant resistance and adaptation.
Soil salinization (saline and sodic soils). Effects of salinity on physiological processes. Methods to increase plant salt tolerance. Plant resistance to gases and xenobiotics. Resistance to radiation and heavy metals. Adaptation mechanisms.
Topic 15. Protection of Plants Against Pathogens and Phytophages.

Plant resistance to diseases. Phytoimmunity. Phytoncides and phenolic compounds. Hypersensitive responses in plants. Phytoalexins. Systemic acquired resistance in plants. Plant resistance to phytophagous organisms.
III. GUIDELINES AND RECOMMENDATIONS FOR LABORATORY SESSIONS
Recommended topics and instructions for conducting laboratory sessions:

1. Plasmolysis and Deplasmolysis Phenomena. Identification of Different Forms of Plasmolysis
To explain to students the causes, types, and mechanisms of plasmolysis and deplasmolysis occurring in plant cells (using onion epidermis as an example). Laboratory work is conducted based on available internal facilities.

2. Determination of Water Absorption in Seeds According to the Type of Stored Reserve Nutrients

To study water absorption mechanisms in seeds of various plant species through laboratory experiments. Preparation of necessary reagents and equipment and execution of the experiment.

3. Determination of Osmotic Pressure of Cell Sap by the Plasmolysis Method

To strengthen students’ knowledge of physicochemical effects on plant cells and the permeability of living and dead protoplasm relative to cell sap. Laboratory work is conducted based on internal capabilities.

4. Determination of Cell Suction Force Using the Shardakov Method

To reinforce students’ understanding of the importance of cell sap in maintaining turgor and osmotic pressure. Laboratory work is conducted according to available internal resources.

5. Effect of Heteroauxin on Root Growth
To observe the role of phytohormones and the effect of heteroauxin on root development in seeds, seedlings, mature plants, and cuttings during laboratory sessions. Preparation of necessary reagents and equipment and performance of the experiment.

6. Effect of Solutions with Different Concentrations on Seed Germination
To conduct laboratory experiments to determine the effect of NaCl solution and other solutions of varying concentrations on seed germination. Preparation of required reagents and equipment and execution of the experiment.

7. Determination of the Amount of Water Absorbed by Plants Using a Potometer
To prepare a potometer and conduct experiments based on available internal facilities.

8. Determination of Transpiration Rate Using a Torsion Balance

To conduct experiments to determine transpiration rate using a torsion balance, based on internal laboratory capabilities.

9. Determination of Transpiration Intensity Based on the Amount of Released Water
To explain the dependence of transpiration rate on environmental factors, reinforce theoretical knowledge, and perform laboratory experiments.

10. Determination of the Effect of Cuticle and Bark on Water Evaporation in Plants

To observe the mechanisms of stomatal movement involved in transpiration using a microscope and explain their significance for plants and their effect on the amount of synthesized organic matter.

11. Cultivation of Plants in Water Culture and Study of the Effect of Essential Nutrient Elements on Growth and Development

To strengthen students’ knowledge of elements found in plant ash through laboratory experiments and explain the beneficial aspects of plant ash.

12. Growing Plants Using the Vegetation Experiment Method
To apply methods of growing plants in soil, water, air, and other substrates and conduct laboratory experiments. Preparation of required reagents and equipment and execution of the experiment.

13. Identification of Elements Present in Plant Ash
To determine the mineral elements contained in plant ash under laboratory conditions and reinforce students’ theoretical knowledge.

14. Determination of Soil Moisture Capacity and Full Water-Holding Capacity
To strengthen students’ knowledge of irrigation principles by explaining soil moisture capacity and full water-holding capacity. Laboratory experiments are conducted accordingly.

15. Extraction of Green Leaf Pigments and Study of Their Properties
To extract leaf pigments using the solvent method under laboratory conditions, perform saponification reactions, and reinforce students’ theoretical knowledge.

16. Identification of Leaf Pigments Using Paper Chromatography
To teach students how to determine the chemical properties of leaf pigments. Laboratory experiments are carried out using available internal resources.

17. Determination of the Effect of Environmental Factors on Photosynthesis Intensity
To teach students the influence of external factors on the photosynthesis process. Field excursions to experimental plant plots are organized.

18. Cultivation of Monocotyledonous and Dicotyledonous Plants Using the Hydroponic Method
To expand students’ understanding of hydroponics by creating a hydroponic model and conducting practical experiments on seed cultivation. Preparation of necessary reagents and equipment and execution of the experiment.

19. Determination of Oxygen Uptake by Germinating Seeds
To teach students how to determine the respiration intensity of germinating seeds based on the amount of absorbed oxygen. Laboratory experiments are conducted using available internal resources.

20. Effect of Sugars on Cytoplasmic Freezing
To teach students about the effect of sucrose and sugars in plant sap on cytoplasmic freezing. Laboratory experiments are conducted.

21. Determination of Amylase Enzyme in Germinating Seeds
To determine enzyme activity through laboratory experiments and reinforce students’ theoretical knowledge.

22. Study of Methods to Increase Plant Salinity Tolerance
To grow various wild and local plant species using soils with different salinity levels and analyze the results. Preparation of required reagents and equipment and execution of the experiment.

23. Determination of Nitrates in Plants
To conduct laboratory experiments to determine nitrate content in plants and explain their significance for human health. Preparation of necessary reagents and equipment and performance of the experiment.

24. Determination of Tannins in Plants
To extract tannins from plants such as oak, chestnut, pine, elm, sorrel, pomegranate, rhubarb, acacia, willow, mulberry, and statice. Preparation of required reagents and equipment and execution of the experiment.

25. Determination of Alkaloids in Plants
To conduct laboratory experiments on the extraction of alkaloids using alkaloid-containing plants. Preparation of necessary reagents and equipment and execution of the experiment.

IV. INDEPENDENT STUDY AND ASSIGNMENTS
Independent Study Tasks

1. Test the physiological basis of irrigation in experimental fields. 

2. Test antitranspirant agents under laboratory conditions. 

3. Study the principles of diffusion, osmosis, plasmolysis, and cell turgor pressure in the laboratory. 

4. Test phytohormones in experimental fields. 

5. Study the application methods of microelements (Zn, Cu, Na, K) and superphosphate on plants. 

6. Conduct laboratory experiments to study photosynthesis and productivity processes. 

7. Study juvenile, mature, and reproductive stages of ontogenesis in experiments. 

8.  Develop maps of soil salinity types in Uzbekistan. 

9. Study the ontogeny and phylogeny of chloroplasts through scientific articles. 

10. Study the mechanisms of C3, C4 and CAM photosynthetic pathways. 

11. Investigate the operation of the Calvin cycle in plants through scientific literature.
Guidelines and responsibilities for independent study in the course
When completing independent study assignments, students are required to:

a) Actively work with textbooks and study materials to gain a deep understanding of the topics covered.
b) Prepare in advance for lectures, practical and seminar sessions, as well as assessments (tests and exams), and use time efficiently.
c) Submit each independent study assignment within the specified deadlines.
d) Understand and comply with the rule that assignments submitted after the deadline will not be accepted.
e) Be aware of and avoid plagiarism when completing independent study tasks.

Independent study assignments for the course are recommended to be completed using the principle of alternative options:

1. Prepare an analytical report (essay) on the topic.

2. Prepare an analytical presentation on a specific topic.

3. Find a solution to a given problem and analyze it.

4. Conduct an in-depth analysis of a given problem, providing definitions and conclusions.

5. Study a given topic thoroughly and analyze it at an advanced level.

6. Develop practical problem-solving skills by working on projects, preparing tests, discussion questions, and assignments to find solutions to existing practical issues.

7. Prepare a scientific article, thesis, or lecture material.

8. Solve non-standard practical problems creatively.

Independent study assignments are assessed during practical sessions and are taken into account in interim assessments.
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	V. Learning outcomes / Professional competencies
Upon successful completion of the discipline Plant Physiology at the bachelor’s level, the student will demonstrate an understanding of plant cell structure, chemical composition, and key physiological processes, including photosynthesis and respiration. The student will be able to analyze plant responses to abiotic and biotic stress factors, interpret results of basic laboratory and field experiments, and apply fundamental physiological knowledge to plant management and ecological sustainability contexts.
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	VI. Teaching technologies and methods
· Lectures

· Interactive case studies

· Practical sessions

· Group work

· Presentations

· Individual projects

· Team projects and their defense
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	VII. STUDY AND EXAMINATION REQUIREMENTS
Credits allocated for the course are awarded to students only upon achieving positive results in the assessment types for each semester.

Assessment Types: 

Student knowledge is evaluated through interim (IN) and final (FN) assessments. Grades are assigned according to the following scale: 5 – “Excellent”, 4 – “Good”, 3 – “Satisfactory”, 2 – “Unsatisfactory”.
Grading Criteria:
ECTS A (5): The student demonstrates excellent and comprehensive knowledge of the subject. Concepts and topics are presented clearly, logically, and scientifically. The student applies theoretical knowledge independently in practical and analytical contexts, shows critical and creative thinking, and completes all assignments to a very high standard.

ECTS B (4): The student demonstrates good and adequate knowledge of the subject. Core concepts are understood and applied correctly, although explanations may lack depth or precision. Learning outcomes are generally achieved.

ECTS C (3): The student meets the minimum learning requirements of the module. Knowledge is limited and sometimes superficial, and practical application shows noticeable weaknesses, though basic outcomes are achieved.

ECTS D (2): The student fails to meet the minimum requirements of the module. Essential knowledge, skills, and competences have not been demonstrated, and assessment criteria have not been fulfilled.

Interim Assessment: Conducted once per semester in based on conversation form.

Students are regularly evaluated during practical (laboratory) sessions throughout the semester. Performance in these sessions, as well as the timely and complete completion of independent study tasks and participation in class activities, is taken into account for the interim assessment.

Grades from practical sessions and independent study assignments are averaged with the interim assessment grade and recorded officially.

A student who receives an unsatisfactory grade or misses the interim assessment without valid reason may retake it only once before the final assessment.

Final Assessment: Conducted in test form at the end of the semester according to the approved schedule. 

When forming variants for the final assessment, it is required to strictly follow the requirements specified in the provided sample. That is, each variant must contain 50 questions: 20 questions (40%) based on classroom (in-class) sessions and 30 questions (60%) based on independent study sessions.
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