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I. What is soil and how is it made?
A. components of soil
1. mineral content
2. organic matter
3. air
4. water
B. formation of soil
1. weathering: parent rocks provides mineral content
2. introduction of living organisms: begins nitrification and assimilation
3. decomposition: OM deposited from litter layer
C. soil horizons
1. O horizon - leaf litter and other undecomposed organic matter on the surface
2. A horizon - humus layer; black, nutrient-rich organic matter; the most ‘nutrient-valuable’ portion of the soil; many plant roots
3. E horizon - low mineral content, silica-rich layer in old soils
4. B horizon - mineral and OM accumulation zone; nutrient absorption by plant roots
5. C horizon - weathered rock; little to no OM
6. R horizon - parent rock/bedrock
D. soil texture
1. determined by proportion of different size particles
a) sand: 2 mm - 0.05 mm diameter
b) silt: 0.05 mm - 0.002 mm diameter
c) clay: < 0.002 mm diameter
2. affects drainage, aeration, and nutrient availability
a) larger particles = more pore space = more drainage and aeration
b) smaller particles = more surface area = more cation exchange, less drainage and aeration 
II. Nutrients in Soil
A. Can be organic (from living things) or inorganic (manufactured by humans)
1. organic: improves soil structure by adding OM; fewer inputs required; exact levels of nutrients not known; can lead to eutrophication
2. inorganic: precise nutrient levels can produce large yields; more
B. macronutrients: required for photosynthesis and growth; absorbed as compounds, not elements; can limit productivity when in short supply; 
1. nitrogen (N) - essential for amino acids in proteins for structure and enzymes 
2. phosphorus (P) - essential for early root development and plant maturity
3. potassium (K) - regulates stomata in leaves and electrolyte balance in cells
4. calcium (Ca) - development of fruits and tubers (i.e. potatoes, carrots)
5. magnesium (Mg) - central element in chlorophyll
6. sulfur (S) - part of most proteins, and some vitamins and enzymes

Source: North Dakota State University Extension Service 

C. micronutrients: needed in smaller amounts than macronutrients; come from the mineral portion of soil
1. iron (Fe) - most common micronutrient; important for chlorophyll production
2. manganese (Mn) - involved in respiration, protein production, and chlorophyll function
3. copper (Cu) - involved in many metabolic processes, including photosynthesis
4. nickel (Ni) - important for enzyme function
5. zinc (Zn) - helps regulate carbon in plants through the CO2/H2O/HCO3 interface
6. molybdenum (Mo) - starch, amino acid, and vitamin formation
7. cobalt (Co) - required for nitrogen fixation in legumes

Source: http://edis.ifas.ufl.edu/ss419 

D. nitrogen cycle
1. nitrogen fixation: 
a) Azotobacter bacteria
b) Rhizobium bacteria on leguminous plant roots
c) cyanobacteria (blue-green algae)
d) lightning
e) inorganic fertilizer from Haber process (N2 + 4H2 --> 2NH4+)
2. nitrification: Nitrobacter and Nitromonas bacteria convert fixed N to form plants can absorb
3. assimilation: 
a) absorbed by living organisms
b) N used to build more complex molecules (amino acids, DNA)
c) N is critical for cell growth
4. decomposition: 
a) proteins in living tissue break down and return to soil
b) provides much more N for growth than N-fixation by bacteria
5. denitrification: 
a) reverse of nitrification
b) occurs in anaerobic environments
6. human activities:
a) harvesting crops and animals removes OM 
b) most lost to sea as sewage
III. Soil degradation
A. happens 2 ways: erosion and diminished quality
B. erosion
1. overgrazing of grasses and shrubs removes vegetation, so roots no longer hold soil particles in place, and wind/water carry soil away
2. deforestation:
a) tree canopy intercepts precipitation and lessens impact of raindrops on soil surface, which reduces erosion
b) forests provide shade, which cools the soil and diminishes evaporation; cut the forest, and evaporation rates increase
c) tree roots hold soil in place; when trees are cut down, soil washes away with rains
C. diminished suitability
1. overcropping (no crop rotation) removes nutrients from the soil because microbes have little/no time to replenish
2. irrigation can lead to salinization when water evaporates, leaving dissolved mineral salts behind on soil surface
3. poor farming practice
a) removing all crops at harvest exposes soil to erosion
b) crops in rows with bare soil between
c) plowing up/down slopes instead of across
d) toxification from pesticides
e) salinization by poor irrigation (i.e. watering during heat of day)
IV. Soil conservation
A. soil is a non-renewable resource
B. primarily through good farming practice:
1. improving soil texture & chemistry
a) lime (chalk) raises pH and aids drainage
b) plant matter and crop residues which are plowed back into the soil add surface area, drainage, and nutrients
2. wind breaks
a) shelter belts of trees and shrubs between fields 
b) high-low-high-low strip cultivation within fields
3. good cultivation techniques
a) cover crops between rows or seasons holds soil in place & provide nutrients when they decompose 
b) dormant-season plowing improves drainage and mixes humus throughout topsoil
c) terracing slopes minimizes water erosion & holds nutrients in place
d) contour farming minimizes erosion by creating mini-terraces perpendicular to direction of drainage
4. better irrigation minimizes losses to evaporation, reduces heat stress on crops, slows salinization process
5. avoid marginal lands (is this reasonable with population pressure?)
6. crop rotation among N-fixing legumes and heavy ‘feeder’ crops (cereals, corn)
C. improve soil fertility
1. to improve fertility, nutrient inputs MUST BE > nutrient outputs
2. crops are generally more nutrient-hungry than natives
3. agriculture reduces fertility by:
a) removing biomass at harvest
b) eliminating the natural decomposition cycle which returns nutrients to the soil
c) removing minerals from the soil
d) reducing/removing humus from the system
Extension:

A relatively new intervention called BIOCHAR is beginning to make headlines in East Africa and Asia. Research this topic on reliable websites. Check out and read the information available on the sites, and respond to the following prompts for next ESS class. 

1. What are the benefits of biochar? 
2. Limitations? 
3. Risks? 
4. Rewards? 
5. Is biochar a sustainable agricultural practice that should be promoted, or is it something that should be avoided as to risky? Justify your answer with evidence.

