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Name Department
SANZ GRAU, M AMPARO 25 - Plant Biology

SUMMARY

Plant Physiology is a subject of the third year of the Degree in Biology which forms part of the Plant
Biology area, together with Botany, taught in the second year.

Plant Physiology isintended to provide basic knowledge of how plants function and of processes that
occur in them asliving beings, also integrating the knowledge acquired in other subjects such as Cell
Biology, Botany, Biochemistry and Soil Science.

To acquire basic knowledge of Plant Physiology, students will learn water relations of the plants
(absorption, transport and loss of water), mineral nutrition and transport of photoassimilates, aswell as
photosynthetic metabolism, which allows the reduction and assimilation of the main bioelements, and
respiratory processes, participants also in the energy metabolism of the plant. There will be an approach
to secondary metabolism, through which compounds of fundamental importance are produced. In
addition to the basic physiological processes of plantsit isimportant to understand the mechanisms
involved in their growth and development, as well as their interactions with the environment. Therefore,
along this course the students will learn from the plant hormones to the photoreceptors, through the
movement of plants, different life cycle processes and the integration of all these processes in space and
time, and the adaptation mechanisms to possible adverse environmental conditions.
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In short, the goal of this course isthat at the end of it the students have learned how plants function at
different levels of organization and how they adapt functionally to the environment in which they
develop.

Plant Physiology is a subject with an important experimental content and additionally to the theoretical
training, laboratory experiments will be conducted that will help to alow the acquisition of the
knowledge, concepts and techniques of this scientific discipline.

PREVIOUS KNOWLEDGE

Relationship to other subjects of the same degree

There are no specified enrollment restrictions with other subjects of the curriculum.

Other requirements

OUTCOMES

1100 - Degree in Biology
- Conocer los principios basicos del funcionamiento de las plantas.

- Conocer como las plantas son capaces de obtener sus nutrientes esenciales y co6mo son capaces de
convertir la energia solar en alimento.

- Conocer como las plantas reconocen, integran y responden a las sefiales enddégenas y ambientales
que les llegan, permitiendo que se adapten a situaciones fluctuantes.

- Conocer el funcionamiento de aparatos y técnicas elementales relacionadas con la asignatura.

- Conocer los ensayos practicos que se pueden realizar para demostrar las distintas hipotesis
relacionadas con la Fisiologia vegetal.

- Capacidad de disefar y llevar a cabo experimentos, asi como de analizar e interpretar datos.

- Saber buscar la informacion bibliografica adecuada para, en un momento dado, poder actualizar y
profundizar en sus conocimientos sobre un tema especifico.

- Capacidad de andlisis y sintesis de la informacion relativa a la materia.

- Comprender y manejar la terminologia cientifica basica relacionada con la materia.
- Comprender e interpretar trabajos cientificos relacionados con los vegetales.

- Capacidad para trabajar en grupo.

- Capacidad de comunicar ideas e informacion a nivel escrito y oral.

- Capacidad de interactuar tanto con el profesorado como con los comparieros.
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- Habilidad para argumentar desde criterios racionales, diferenciando claramente lo que es opinable de
lo que son hechos o evidencias cientificas aceptadas.

- Adquisicién de conciencia social y profesional sobre la problemética ambiental y la importancia de la
biotecnologia vegetal y sus implicaciones éticas.

LEARNING OUTCOMES

- Knowledge of the physiological processes that occur in plants and allow them to feed, grow, multiply
and interact with the surrounding environment.

- Design scientific experimentsto test the veracity of atheory or hypothesis.

- To propose protocols for obtaining plants with certain characteristics in terms of size, shape, production
or ripening.

- Know how to interpret scientific papers related to Plant Biology.
- Construct awritten text understandable and organized.

- Preparation and presentation of seminars in groups using the technologies of information and
communication.

- To establish the relationship between knowledge and its practical applications, especially those related
to improving, by conventional or biotechnological methods, performance and quality of crops, resistance
to pests and stress, medicine production and biodiversity conservation.

- Develop expert knowledge in Plant Biology to be able to prepare reasoned and consistent reports which
may assist in judging issues and decision making.

DESCRIPTION OF CONTENTS

1. Introduction to Plant Physiology.

Introduction to Plant Physiology.- Concept and scope of Plant Physiology. Relation with other sciences.
Plant Physiology programme. Bibliographic sources. Assessment.

The plant cell. Organelles characteristic of the plant cell. The cell wall: structure, composition and
function. Transformations of the cell wall and areas of communication.

Lab session 1.- Experimental results in Plant Physiology. Problems and questions.
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2. Water balance.

Water in plants .- Importance of water. The structure and properties of water. Water potential: concept
and components. Water balance in cells and tissues.

Absorption and transport of water in the plant .- Water movement in the soil-plant-atmosphere
continuum. Water absorption by the root. The root as an osmometer: Root pressure and guttation.
Transport of water in the plant. Composition of the xylem sap. Mechanism of ascent of water.

Transpiration .- Concept, importance and magnitude. Transpiration rates. Transpiration through the
stomata. Mechanisms for opening and closing of stomata. Factors affecting transpiration.

Lab session 2.- Measurement of water and osmotic potentials in plant tissues.
Lab session 3.- Measurement of transpiration with the potometer.

3. Mineral nutrition.

Nutrient uptake by plants .- The root as an organ of absorption. Nutrient uptake at the cellular level.
Radial transport in roots. Longitudinal transport.

Mineral nutrition of plants.- Plant mineral composition. Essential mineral elements. Functions of mineral
elements in the plant. Mineral deficiencies: Causes and symptoms.

Lab session 4.- Membrane permeability. Factors which alter membrane permeability

4. Plant metabolism (1)

Photosynthesis. Photosynthesis: concept, general equation and processes included. Types of
photosynthesis. The photosynthetic apparatus in plants: chloroplast, structure and chemical composition.
Photosynthetic pigments: chlorophylls, carotenoids and phycobilins.

Absorption of light energy. Absorption of light and forms of energy dissipation. Photosynthetic unit,
reaction centers and harvesting antennae. Thylakoid ultrastructure, composition and distribution of
photosynthetic complexes.

Photosynthetic electron transport and photophosphorylation. The electron transport: cyclic, noncyclic and
pseudocyclic. The water splitting complex. Photophosphorylation. Mechanism of coupling between
electron transport and photophosphorylation.

Photosynthetic carbon dioxide fixation. Carbon dioxide assimilation in plants: the Calvin-Benson cycle.
Cycle regulation. Synthesis of sucrose and starch. Photorespiration. Biochemical route and physiological

significance.

Adaptive pathways of prior accumulation of carobon dioxide. Pathways and adaptive significance. C4
photosynthetic metabolism. CAM photosynthetic metabolism. Accumulation in algae. Photorespiration in
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C4 and CAM plants. Water use efficiency (WUE).

Transport of photoassimilates. The phloem structure and function. Substances transported through the
phloem. Concepts of source and sink. Loading and unloading mechanisms. Mechanism of phloem
transport.

Lab session 5.- Photosynthesis in isolated thylakoid vesicles. Hill reaction.

5. Plant metabolis (2)

Respiration in plants. Overview of the respiratory process. Peculiarities of the respiratory chain in plants:
the alternative oxidase.

Metabolism of nitrogen and sulfur. Forms of nitrogen absorbed by the plant. Nitrogen fixation in symbiotic
associations. Assimilatory reduction of nitrate and ammonium. Assimilation of sulfur.

Secondary metabolism. Major groups and important synthesis routes. Alkaloids. Terpenoids. Phenolic
compounds.

Lab session 6.- Measurement of respiration rates in germinating seeds.

6. Plant Development (1)

Plant growth. Plant growth and development: terminology and cellular bases. Organization and activity of
apical meristems of the stem and root. Quantification and kinetics of growth.

Plant growth regulators. Phytohormone concept. Perception and hormonal signal transduction. Main
groups of hormones: auxins, gibberellins, cytokinins, ethylene, abscisic acid. Other plant hormones,
polyamines, brassinolide, jasmonates, salicylates, oligopeptides, oligosacarines.

Lab session 7.- Plant hormones: auxins.
Lab session 8.- Plant hormones: gibberellins.
Lab session 9.- Plant hormones: cytokinins.

7. Plant Development (2)

Photomorphogenesis. Concept. Photoreceptors in photomorphogenesis. The phytochrome system:
chemical characteristics, types of phytochrome, photostationary state, metabolism. Mechanism of action.
Phototropins and cryptochromes.

Rhythms and movement in plants. The biological clock. Types of movements in plants. Nutations. Nastic
movements: nictinastia and tigmonastia. Tropisms: phototropism and gravitropism.

Physiology of flowering. Definition and control of flowering. Endogenous control. Environmental control:
the photoperiod and low temperatures (vernalization). Floral transition: transduction pathways. Flower
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development.

Fruit physiology. Fruit formation. Parthenocarpy. Fruit growth. Fruit ripening: associated physical and
biochemical changes. Climacteric and non-climacteric fruit: characteristics.

Seed physiology. Development and structure of the seed. Germination: factors that affect it. Metabolism
of germination. Dormancy: concept. Seed dormancy: causes. Environmental factors that cause the
outbreak of dormancy. Hormonal control of dormancy in seeds. Dormancy in buds.

Senescence and abscision. Senescence in plants: types. Abscision: control and hormonal regulation.
Plant physiology in adverse conditions. Stress in plants: definition and types. Plant responses to adverse

conditions. Abiotic stress. Biotic stress.

Lab session 10.- Germination. Effect of different factors.

ACTIVITY Hours % To be attended
Theory classes 60,00 100
Laboratory practices 30,00 100
Tutorials 10,00 100
Development of group work 20,00 0

Study and independent work 60,00 0
Preparing lectures 55,00 0
Preparation of practical classes and problem 15,00 0

TOTAL| 250,00

TEACHING METHODOLOGY

The course has the student as the main protagonist of their own learning, and is structured around four
axes.

* Lectures. Teacherswill explain and emphasize key concepts that help in understanding the different
parts of the programme and indicate the recommended resources for further preparation of the subject in
depth. In some classes, a more participatory model will be used, focusing on communication between
students and between them and the teacher.

* Lab classes. During these classes the students will learn skillsin plant physiology in a practical and
direct manner. They will acquire the skills and abilities needed for effective work in the laboratory.
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* Tutorials. Thetutorials will be held in small groups. In them, the teacher will guide the student on all
the elements that make up the learning process, both in terms of general approaches and specific issues of
the themes already developed. They will include guiding for seminar preparation.

» Seminars. The seminars, of voluntary character, will consist in presentation by the students of
theoretical work previously proposed by teachers. These seminars will train the students ability to outline
and summarize as well as of oral and written expression. As previously stated, the theoretical work will
be carried out in teams (groups of 4 or 5 students) and all members of the group should participate in the
oral presentation. After each presentation, there will be a debate on the topic of the seminar, in which the
leading role will fall mainly on the students.

EVALUATION

Acquisition of theoretical and practical knowledge will be assessed in accordance with the following
schedule:

The maximum score is 100 points, broken down as follows:

» Seminars: up to 10 points. Both content and presentation will be assessed (oral and written). Because of
its voluntary character, the given score will be additional to that obtained in the rest of the course
activities. In case of having obtained the maximum scorein all other activities, the seminar will contribute
to the obtention of the mention with honour

* Written assessments: up to 95 points

The examination will include questions on knowledge acquired in lectures (80 points) and practical
sessions (15 points). Depending on the teacher, assessment of lab sessions may occur simultaneously to
the theory or by a separate examination at the end of thalab sessions.

» Lab sessions: up to 5 points, corresponding to the direct assessment made by the lab teacher of the
attitude and aptitude of the student during lab sessions.

There will be a preliminary exam, which will allow to know about the progress of the studentsin the
acquisition of knowledge and, where appropriate, remove that part of the subject from the final exam.

To be evaluated it is essential to have attended lab classes and seminar s, since they are mandatory.
When attendance at practical classesis less than 80% of the scheduled classes, a practical examination
must be passed in the | ab.

The final rating will be obtained from the sum of the parts to be evaluated. For the various parts to add,
students must obtain at least 45% of the maximum score on the test.

The student will get a pass degree when the final score is 50 points or higher.

Students not reaching a pass degree in June will keep the note obtained in the seminar, at least until the
2nd examination. Similarly, assistance to lab classes will also be kept up to the 2nd examination of the
following year
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ADDENDUM COVID-19

This addendum will only be activated if the health situation requires so and with the prior
agreement of the Governing Council

Contenidos

Dado que las practicas se realizaron integramente en el primer cuatrimestre, los contenidos se mantienen,
ya que |la parte teorica restante puede impartirse en linea (Posible actuacion 1).

Volumen detrabajoy planificacion temporal de la docencia

El volumen de trabajo no cambia. Las actividades arealizar son basicamente |as especificadas en la Guia
de laasignatura. Se mantiene la programacion temporal de materiales docentes puestos a disposicién del
alumnado, de acuerdo con el calendario académico, pero se les da libertad de estudiarl os seguin su propio
criterio y posibilidades (Posible actuacion 5). Algunas tareas podran tener plazo de presentacion, para
facilitar su evaluacion.

M etodol ogia docente

L as herramientas utilizadas son: 1) Clases de teoria: archivos locutados puestos a disposicion del
alumnado através de Aula Virtual para sustituir laleccion magistral. 2) Tutorias individuales: Consulta
de dudas através del correo electronico institucional, ampliando al maximo la disponibilidad horaria. 3)
Tutorias grupales: Archivos ppt, autocorrectivos o no, con cuestiones y casos planteados para su
resolucion, que simulan en cierta medidala organizacion de las tutorias que se han realizado
presencialmente (pero sin la posibilidad de discusion entre pares que of recen éstas).

Utilizacion de plataformas tecnol 6gicas. Aparte de Moodle-Aula Virtual, no se han utilizado otras
herramientas tecnol dgicas, dada 1) la falta de formacién en el uso de plataformas que permiten la
ensefianza a través de conexion online sincronica como Blackboard-Collaborate (BBC), y 2) la
recomendacién de parte del Rectorado de que se haga un uso muy limitado de esta herramientay solo
cuanto esté muy justificado. No obstante, se va aintentar la utilizacion de BBCy s es posible se aplicara
parala puesta en comun de dudas. Posibles actuaciones 1, 2y 5 (e intento de la 3).

Evaluacion

Seregjusta el peso que las diferentes actividades realizadas alo largo del curso tendran en lanotafinal,
con €l incremento de las correspondientes a la evaluacién continua. Con este objetivo se llevaradn a cabo
las siguientes actuaciones:

- Incrementar el porcentaje correspondiente a la nota de las actividades de evaluacion continua ya
realizadas durante €l curso, como las desarrolladas en clases de practicas y las tutorias grupales, que
pasaran del 5% a 10% de lanota final (Posible actuacion 2).

- Incluir la nota de trabajos realizados y/o de cuestionarios, en linea 0 no, completados por |os estudiantes,
con un peso del 10% (Posible actuacion 1).
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El peso del examen, por lo tanto, pasadel 95 al 80% de lanotafinal. EI examen presencial eslaformade
evaluacion gue ofrece las suficientes garantias, por o que es el sistema de preferencia. En caso de no
poder realizarse en esta modalidad, aunque sea en fechas posteriores a las programadasy / 0 en grupos
reducidos de 12-15 alumnos, se realizara en linea, con tiempo limitado, bien através de BBC o del
maodulo cuestionarios del Aula Virtual, en funcion de las posibilidades técnicas (Posibles actuaciones 5, 6

y7).

Si una persona no dispone de |os medios para establecer la conexidn necesaria para acceder a aula virtual
o en laplataforma BBC, debera contactar con el profesorado por correo electrénico en e momento de
publicacion de este anexo ala guia docente.

Si por causas técnicas, debidamente justificadas, agun estudiante no puede realizar algin examen, se
estudiara la posibilidad de realizar una prueba alternativa que, en todo caso, sera detipo oral.

Bibliografia

Desde el primer momento se trasladd al alumnado lainformacién recibida del Servicio de Bibliotecas
sobre las posibilidades de consulta de material bibliografico en linea. Al menos uno de los libros bésicos
recomendados esta disponible para su consulta online (Posible actuacion 1). En cualquier caso, en
prevision de que parte del alumnado pudiera tener algun problema con la conexion VPN, se han puesto a
su disposicion materiales propios del profesorado, incluyendo transparencias locutadas y limitando la
recomendacién de lectura de articulos a aquell os accesibles sin conexién VPN.
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