SOS 7202
SOIL CHEMICAL PROCESSES

COURSE INSTRUCTORS:   Dr. John Stephen Tenywa (BSc. Agric, M.Sc. Agric., PhD) Fulltime staff  

Credit Units: 

 3 CU 

Course Duration: 
45 contact hours (30 LH and 30 PH).

Course type: Core course for M.Sc. Soil Science

COURSE DESCRIPTION

Concepts and principles of soil chemical processes. SI units for essential in the course. The solid phase: Soil particle formation through weathering;. Types of clay, their structure and formation processes; Types and origins of negative charges on clay minerals;. Soil organic matter (SOM) types; Charges on soil OM and their implications on cation exchange capacities of tropical sesquioxide based soils. Soil solution phase: Characteristics; chemistry of water as a solvent; review of colligative properties of water in solutions; Ionic concentration versus activity; Activity coefficients; Ionic strength; Standard state of a substance; Types of reactions in soil and their equilibria constants. The soil/solution interphase: Surface charge; Double layer theory (Double diffuse layer, DDL) and factors that affect DDL; Adsorption and desorption; Isotherm models; Phosphorus sorption and desorption isothernms; Exchange reactions and equilibria state computations; Cation and anion exchange reactions. Soil acidity and management: Significance and instrumentation for measurement of soil pH; Types and causes of acidity; management of acidity (e.g. by liming and acid tolerant crop varieties); Significance of exchangeable aluminium in phytotoxicity and acidity soil management, hydrolysis reactions; Lime requirement determination methods. Redox chemistry: Reducing conditions; redox reactions and implications to soil fertility and environmental quality

Overall object

The overall objective is to setup a foundation for students to be able to use advanced chemistry principles in solving soil and environment based problems. 

Specific object

Students to appreciate the chemical genesis of and the basis for its role as a medium of plant growth, and extrapolate the basic soil processes to inform land and environment management

COURSE CONTENT, METHODS OF INSTRUCTION, TOOLS AND EQUIPMENT REQUIRED

	Topics
	Content
	Method of instruction
	Duration (hours)
	Tools/equipment needed

	Topic 1:

Concepts and principles
	Components of a typical soil; SI units, Overview of different type of chemical processes


	Lecture
	2
	LCD projector, chalk and blackboard, duster



	Topic 2:

The solid phase


	Soil particle formation through weathering; Types of clay, their structure and formation processes 
	Lecture


	2


	 LCD projector, chalk, duster and blackboard.

	
	
	Practical: Review of crystalline lattice (Structure of 2:2:1, 2:1 and 1:1 layer silicates, and oxides and hydroxides of iron and Al (sesquioxides)
	1
	 LCD projector, chalk, duster and blackboard.

	Topic 3:

Types, origins and significance of the negative charge 
	Types and origins of negative charges on clay minerals
	Lecture


	2


	LCD projector, chalk, duster  and blackboard.

	Topic 4: Soil organic matter

Soil organic matter (SOM) types; Charges on soil OM; importance of SOM in tropical sesquioxides based soils
	Lecture


	2


	

	
	Practical: Collection of soil samples from the field
	1.5
	Transport, technician, augers, sampling bags, marker pens, plastic basins, hand hoes, machetes

	
	Practical: Laboratory analysis for SOM
	1.5
	Relevant reagents and equipment based on Okalebo et al. (2002)

	Topic 5:

Soil solution phase
	 Characteristics; chemistry of water as a solvent; review of colligative properties of water in solutions
	Lecture


	2
	LCD projector chalk, duster  and blackboard

	Topic 6:

Ionic concentration, activity and reactions
	 Ionic concentration versus activity; Activity coefficients; Ionic strength; Standard state of a substance; Types of reactions in soil and their equilibria constants.


	Lecture


	4


	LCD projector, chalk and blackboard,

 duster. 



	
	
	Practical: Computations related to ionic activity, concentration,  ionic strength and reactions equilibria

	1.5
	LCD projector, chalk and blackboard,

 duster

	Test
	On above 6 topics
	Two written tests
	2
	Answer sheets

	Topic 7: 

Soil/solution interphase
	Surface charge; Double layer theory (Double diffuse layer, DDL) and factors that affect DDL
	Interactive lecture


	2


	LCD projector, chalk, duster  and blackboard



	Topic 8: Adsorption/desorption phenomena and exchange reactions
	Adsorption and desorption; Isotherm models; Phosphorus sorption and desorption isothernms; Exchange reactions and equilibria state computations; Cation and anion exchange reactions.
	
	3
	LCD projector, chalk and blackboard,

 duster

	 Topic 9: Soil acidity and management
	Significance and instrumentation for measurement of soil pH; Types and causes of acidity; management of acidity (e.g. by liming and acid tolerant crop varieties)
	Interactive Lecture
	3
	LCD projector, chalk, duster  and blackboard



	
	
	Laboratory practical: Instrumentation for pH measurement
	1.5
	Technician, pH meters, soil samples and reagents based on Okalebo et al. (2002)

	
	
	Laboratory practical: pH determination in water and 1M KCl solution
	1.5
	Technician, pH meters, soil samples and reagents based on Okalebo et al. (2002)

	
	
	Laboratory practical: Total acidity and acidity due to exchangeable Al
	1.5
	Technician, pH meters, soil samples and reagents based on Okalebo et al. (2002)

	Topic 10:


	Significance of exchangeable aluminium in phytotoxicity and acidity soil management, hydrolysis reactions; Lime requirement determination methods. 
	Lecture

  
	2


	LCD projector, chalk, duster and blackboard



	
	
	Practical: Lime requirement determination by titration
	2
	Technician, pH meters, soil samples and reagents based on Okalebo et al. (2002)

	
	
	Practical: Computations related to lime requirements and field recommendations 
	1.5
	LCD projector, chalk,  blackboard and duster



	Topic 11: Redox chemistry
	Reducing conditions; redox reactions and implications to soil fertility and environmental quality
	Interactive lectures
	2


	LCD projector, chalk, duster  and blackboard



	
	
	Practical: Computations related to lime requirements and field recommendations
	1.5
	LCD projector, chalk, duster  and blackboard
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SUMMARY OF TIME NEEDED

Interactive lectures covering theory 

30 hrs

Field and laboratory practicals
        
15 hrs

Test




02 hrs

 OVERALL COURSE EVALUATION

Continuous Assessment Test 

20% 

Practical reports                            

20% 

Final examination



60%

END

