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Discipline objectives 

To identify the main populations that make up the soil microbial community, their biochemical 
functions, diversity, structure, and interrelationships. To enable students to identify and evaluate the 
main transformations of microbial origin, their determining factors, and their relationship to the quality 
of the soil and the environment and plant nutrient availability. 
 
Syllabus 

Origin and evolution of life on planet earth; microbial metabolism; components of soil 
microbiota; ecophysiology of the main bacterial groups; microbial growth and its control; 
biogeochemical cycles of carbon, nitrogen, iron, sulfur, and phosphorus; mycorrhizae; pesticides: 
microbial degradation and effects on microorganisms; microbiology of flooded soils; plant growth-
promoting rhizobacteria; microorganisms and environmental quality. 
 
Methodology and/or teaching instruments 

Lectures and individual seminars by the students. 
 
Forms of evaluation 

Written tests, seminars, and class participation. 
 
Program: Title and Breakdown of Units 
 
Unit 1 

Origin and evolution of life on planet Earth 
1.1 - Genetic and biochemical similarities among living beings 
1.2 - Microbial diversity 

1.2.1 - Differences between prokaryotic and eukaryotic organisms 
 
Unit 2 

Microbial metabolism 
2.1 - Definitions 
2.2 - Sources of nutrients and growth factors 
2.3 - Control of enzyme synthesis 
2.4 - ATP production 
2.5 - Catabolic diversity and microbial biosynthesis 

2.5.1 - Aerobic respiration 
2.5.2 - Anaerobic respiration 
2.5.3 - Fermentations 
2.5.4 - Microbial photosynthesis 
2.5.5 - Oxidation of inorganic compounds 

 
Unit 3 

Components of the soil microbiota 
3.1 - Bacteria 

3.1.1 - Characteristics and taxonomic classification 
3.1.2 - Nutritional classification 
3.1.3 - Classification into physiological groups 
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3.2 - Fungi 
3.2.1 - Main functions in the soil 
3.2.2 - Taxonomic classification 

3.3 - Algae, protozoa, and other microorganisms 
3.3.1 - Main functions in the soil 

 
Unit 4 

Ecophysiology of the main bacterial groups 
4.1 - Spore-forming bacteria 
4.2 - Enteric group bacteria and related organisms 
4.3 - Aerobic chemolithotrophic bacteria and associated organisms 
4.4 - Chemoheterotrophic aerobic bacteria 
4.5 - Filamentous actinomycetes and related organisms 
4.6 - Obligatory anaerobic bacteria 

 
Unit 5 

Microbial growth and its control 
5.1 - Cell growth and bacterial populations 

5.1.1 - Bacterial growth phases 
5.1.2 - Mathematical expression of bacterial growth 

5.2 - Effects of abiotic factors in microorganisms 
5.2.1 - Temperature and pH 
5.2.2 - Water, oxygen, and nutrient availability 

 
Unit 6 

Carbon biogeochemical cycle 
6.1 - Importance of microorganisms in the carbon cycle 
6.2 - Nature and metabolism of carbon sources 
6.3 - Decomposition dynamics of organic materials 

6.3.1 - Simple polysaccharides 
6.3.2 - Aromatic substances 

6.4 - Formation, composition, and functions of soil organic matter 
 
Unit 7 

Nitrogen biogeochemical cycle 
7.1 - Nature and metabolism of nitrogen sources 

7.1.1 - Mineralization, immobilization, nitrification, and denitrification 
7.1.1.1 - Biochemical mechanisms 
7.1.1.2 - Involved microorganisms 
7.1.1.3 - Influence of abiotic factors 

7.2 - Biological fixation of atmospheric nitrogen 
7.2.1 - Enzymes and energetics 
7.2.2 - Asymbiotic biological fixation 

7.2.2.1 - Biochemical mechanisms 
7.2.2.2 - Involved microorganisms 

7.2.3 - Symbiotic biological fixation 
7.2.3.1 - Biochemical mechanisms 
7.2.3.2 - Known symbiotic associations 
7.2.3.3 - Inoculants and inoculation 

 
Unit 8 

Phosphorus and sulfur biogeochemical cycles 
8.1 - Microbial transformations in the soil 

8.1.1 - Mineralization and Immobilization 
8.1.1.1 - Biochemical mechanisms 
8.1.1.2 - Involved microorganisms 
8.1.1.3 - Influence of abiotic factors 

8.1.2 - Microbial solubilization of P and S 
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8.2.1.1 - Biochemical mechanisms 
8.2.1.2 - Involved microorganisms 

8.1.3 - Ecto and endomycorrhizae 
8.1.3.1 - Forms and distribution 
8.1.3.2 - Physiology and function of mycorrhizae 
8.1.3.3 - Nutrient fluxes between mycorrhizal fungi and hosts 

 
Unit 9 

Pesticides: microbial degradation and effects on microorganisms 
9.1 - Factors that affect biodegradation in soil 
9.2 - Transformation reactions 
9.3 - Metabolism and co-metabolism 
9.4 - Adaptation and development of new degrading capabilities 
9.5 - Applied aspects of pesticide biodegradation 
9.6 - Inhibitory effects of pesticides on microorganisms 

 
Unit 10 

Microbiology of flooded soils 
10.1 - Physical-chemical conditions prevailing in flooded soils 
10.2 - Microorganisms present in anoxic conditions 
12.3 - Anaerobic metabolism and decomposition of organic materials 
12.4 - Microbial nutrient transformations in flooded soils 
12.5 - Microorganisms and greenhouse gas emissions in flooded soils 

 
Unit 11 

Plant growth-promoting rhizobacteria (PGPR) 
11.1 - Rhizospheric environment 
11.2 - Main growth-promoting bacteria 
11.2 - Importance in plant nutrition 
11.3 - Potential and limitations of inoculation with PGPR 

 
Unit 12 

Microorganisms and environmental quality 
12.1 - Methanogenesis 
12.2 - Composting 
12.3 - Bioremediation 
12.4 - Aerobic biogranulation 
12.5 - Microbial biofilms 
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