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Frame programme of subject

1. Subject name: Plant Adaptation to Environmental Stresses
	Faculty: Environmental protection

Course: undergraduate/postgraduate 
Specialisation: Restoration and Management of Environment 

	Lecture (hours): 15
Practice (hours): 30
ECTS: 5

	Subject number ......................

Date of introducing of the programme:
Academic year 2004/2005


2. Aim of the subject: 
(i) introducing students to: the extent of stressful conditions and type of stressors in plant environment, 
(ii) cover stress factors generated by antropopresure including greenhouse gases and global climate change
(iii) outline plant response to stressors and mechanisms involved in coping with stresses, 
(iv) discuss  knowledge on plant tolerance to environmental stresses that should be useful in restoring 
           damaged environment. 
3. Lecture topics/practicum topics:

         3.1. Lecture topics

         There is common opinion that there is no part of the globe where plants would be free of environmental stresses through the entire life cycle. On global scale only 10 % of arable land is free of environmental stresses and in USA due to stresses crop yield is realized in less than 25 % of genetic potential.  Many of the stressors affecting plants are of antropogenic origin, as man  due to often careless decisions and actions causes serious damage to environment. Higher plants, as sessile organisms, in order to survive under unfavourable conditions, during evolution developed mechanisms to cope with stressful factors. Stress factors are classified as (i) abiotic (water: deficit and excess; temperature: high, cold and freezing; irradiance: high, low, spectrum UV; nutrients:  deficiency and excess;  salinity;  pollution of: soil, water and  air with: heavy metals, organic pollutants, and gases; pesticides; mechanical injury) and (ii) biotic (phytofagos, plant-plant interactions: competition, allelopathy, invasive and parasitic species). Stress factors and injury caused by stresses can be primary and secondary and often plants are affected by two or more stressor simultaneously. Strategies exploited by plants in order to cope with and survive under stressful conditions are either avoidance or tolerance or both. Depending on severity, duration and numbers of stress events the effects of stressors on plants can be reversible (often resulting in increasing “resistance”) or irreversible. Plant response to stresses are both local and systemic and can be specific or non-specific to given stressor(s). Stressors are perceived by plant receptors and induce cascade of events of transduction pathway that among others include changes in protein G, generation of secondary messengers, phosphorylation and dephosphorylation via kinasis and phosphatises resulting in changes in profile gene expression. Stressor effects on plants and their responses are detected on every level of biological organisation from ecosystem via plants, organs, cells and ells organelles to metabolome, proteome and genome levels. Changes elicited by stressors during ontogenesis are called acclimation (non-inherited), and those on genomic levels and inherited are adaptations processes with the last being part of evolution. Observation of plant responses to environmental stresses, besides academic value, are useful in selection and breeding (both classical and with achievements of molecular biology and of genetic engineering) toward increased tolerance to stressors.


Knowledge on plant reaction to particular stressors and on genetic diversity in stress tolerance undoubtfully should be useful in decision making for species/cultivar selection for restoring particular damaged sites as well as cultivation strategies.  

3.2.Practicum topics

Some stress factors will be imposed on plants/plant organs under greenhouse, growth chambers and laboratory conditions in order to demonstrate the negative impact on (i) plants germination and seedling vigour, (ii) selected physiological processes during autotrophic growth stage (plant water status, membrane injury, chlorophyll properties, gas exchange). Isolation and identification of metallothioneins will  also be performed.
4. Pass conditions: Exams
5. Learning outcomes – skills acquired: 
·  acquisition of knowledge on factors that can cause stress(es) in plants,
· understanding mechanisms involved in plant responses to environmental stresses and leading to injury/ death or survival and tolerance,
· ability of identification of stress factors occurring in a given sites based on symptoms of pattern of growth, injuries and/or changes in plant community,
· understanding processes regulating species distribution in environment affected by stresses,
· use acquired knowledge in planning plant species/cvs suitable for restoration of given sites, 

· knowledge on physiological, biochemical and molecular mechanisms of plant acclimation/adaptation to stressors occurred in degraded environment should be very helpful in incorporation species of high tolerance and in elaboration protocols for restoring damaged sites.
6. Frame programme authors:

6.1. Lecture programme (15 hrs, 2 hrs/week):
1/Introduction, terminology, type, range of stresses, primary and secondary stress(es), multi-stresses, sources of stress factors. 2/ Mechanisms involved in plant  response(s) to environmental stresses (I): events, acclimation, adaptation, time course, model phase, primary and secondary stress. 3/ Mechanisms involved in plant  response(s) to environmental stresses (II): Strategies for survival: avoidance (developmental, anatomo- morphological, physiological, biochemical and molecular) and tolerance (susceptibi;ity, resistance cross—and negative cross-resistance). 4/ Plant response to stresses on every levels of biological organization: ecosystems, canopy, plant, organ, cell,  proteome, metabolome and transcriptome levels. 5/ Phytohormones involvement in plant responses to stress factors. 6/ Mode of action of plant hormones in plant acclimation to stresses. 7/ Stress signal perception and transductions pathways in plants. 8/ Heavy metals as stressors to plants. 9/ Salt stress. 10/ Air pollutants and greenhouse gases as stress factors to plants . 11/ Global climate change generates secondary stress factors to plants: I. Water stress:   deficit and flooding. 12/  Global climate change generates secondary stress factors to plants: II. Temperature    stress.  12/  Allelopathy as source of biotic stress. 12/  Biodiversity and productivity of agro- and natural ecosystems under stresses.  Positive role of stress impact on plants: acclimation and adaptation – natural selection, evolution. 15/ Genetic differences in stress tolerance, directed selection, breeding and genetic engineering toward increased ability to cope with environmental stresses.  Importance of knowledge on plant acclimation /adaptation to stresses for restoration and management of environment.
6.2. Practicum programme  (30 hrs, 4hrs/week):

1/Chlorophyll properties and efficiency of photosynthetic apparatus as affected by environmental conditions (acid rains, bases, light absorption spectrum). 2/ Effect of environmental factors on plant cell membranes integrity (heat, acid, alcohols, dehydration).  3/Plant water status under environmental stresses (dehydration, osmotic active compounds).  4/ Effects of salinity on selected plant water status parameters (1). Plant water status under environmental stresses (2). Effects of salt stress on selected plant parameters of plant water status (2). 5/ Heavy metals pollutions and isolation of DNA of genes coding for metalothioneins (1). 6/Identification of genes coding for metalothioneins (2). The influence of  allelopathic compounds and  NaCl on seed germination and early seedling growth  (1). 7/ The influence of  allelopathic compounds and  NaCl on seed germination and early seedling growth. (2). 8/Examination
7.  Faculty/Department: Faculty of Horticulture and Landscape Architecture,  
     Laboratory of Basic Research in Agriculture
8. Didactic facilities required: 
Lecture room equipped with multimedia 
Laboratory equipped with: 

Physiology: Photosynthesis System Licor 6200 (photosynthesis, transpiration, stomatal parameters), Flourymetr (Chlorophyll a fluorescence), Chlorophyll Meter, Leaf area and Root length System, Spectorphotometer,

Molecular biology ultracentrifuges, thermocycler PCR, Camera Image Electrofogram Documentation Systems, Electrophoresis sets, deep freezers and other basic lab equipment. 
              Greenhouse and Growth Chambers
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