Chapter 6
I. Sustainable Agriculture and Soil

a. Soil: Linking the Non-Living to the Living
i. The mineral content of the soil is incorporated into plants through photosynthesis and transferred to animals through consumption

ii. To obtain Sustainable Agriculture, it is important to consider global food:
1. Growth

2. Production

3. Distribution

iii. One key to a healthy ecosystem is good soil

iv. Weathering: the actions of wind, rain, ice, water flow, root penetration, and forces of gravity all serving to break rock down into smaller and smaller particles

1. As organic material dies and decomposes, it becomes incorporated into the weathered material and creates soil.
v. Soil: a mixture of mineral, organic matter, water, and air, it has a definite structure and composition, and forms on the land’s surface.

vi. Approximate Soil Composition

1. Air- 25%

2. Water- 25%

3. Mineral Particles- 30% (Sand, silt, and clay)

4. Organic Matter- 15%

5. Rocks- 5%

vii. Earth’s Land Use:
1. 75% is covered with water

2. 13% is uninhabitable land

a. Polar Regions

b. Deserts

c. Swamps

d. High mountainous areas

3. 9% is land that can’t grow food
a. Soil and/or climate are too poor

b. Covered by cities and other human development

c. Used for other things: forest, recreation, etc.
4. 3% is ALL this is used to grow food for everyone on Earth

viii. Horizons: layers of soil; comprised of three primary types:
1. Topsoil- where plants are grown

2. Subsoil

3. Parent Material- rocks

ix. Soil Profile: a cross-section of the succession of distinctive soil layers from the surface down to the unchanged parent material.

1. O-horizon: organic material; leaf litter & partially decomposed organisms
2. A-horizon: topsoil; layer that supports life & transfers nutrients to organisms.

a. Composed of Humus(highly decomposed plant and animal residue)
b. Holds moisture and air

c. Also known as the “Zone of Leaching”(the area where nutrients are carried away as water percolates through if from the surface)
3. B-horizon: subsoil; zone of accumulation (contains minerals from A-horizon); poor in organic content.
4. C-horizon: portions of the bedrock from which the soil formed

x. Color: an indicator of soil condition
1. Dark Gray, Brown, or Black: high organic content

2. Medium Dark Brown to Yellow Brown: medium organic content

3. Light Brown or Yellow: low organic content

xi. Porosity: interconnected spaces within the soil containing air and water

b. Mineral Categories of soil are based on 
i. Size:

1. Sand: largest coarse particles

2. Silt: medium sized particles

3. Clay: finest particles

ii. Texture: The relative amounts of sand, silt and clay in a sample

1. Determines how much water a soil can hold and rate of percolation

c. Major essential nutrients supplied from soil:
i. Nitrogen (N): stimulates above ground growth; influences quality of fruit and protein content

1. Added to soil through growing legumes, added organic material or commercial fertilizer
ii. Phosphorus (P): needed for uptake of water and nutrients: necessary for transfer of energy

1. Added to soil through farm manure or commercial fertilizer

iii. Potassium (K): development of healthy root system, offsets excess Nitrogen; plays a role in synthesis or starch and movement of carbohydrates

1. Added to soil through commercial fertilizer

a. Calcium (Ca)

b. Magnesium (Mg)

c. Sulfur (S)

d. pH: can restrict ion uptake by plants

d. Soil Conservation

i. Erosion: process by which soil particles are carried away by wind and water; caused by:

1. Wood harvesting

2. Overgrazing

3. Poor farming practices

4. Clearing for Construction

ii. Soil Conservation Service (part of the USDA) formed after the Dust Bowl of 1930s

iii. Conservation practices shown to combat soil erosion:

1. Conservation Tillage: cultivation to a minimum, leaving crop residue on the surface, no-till

2. Cover Crops: grasses or legumes are planted to reduce erosion, add organics, fix nitrogen, and produce forage.
a. Green Manure: green plants that are plowed under in order to build soil

3. Strip Cropping: strips of a row crop alternate with soil-conserving crops (grass, etc.)

a. Soil conserving crops trap eroding soil

4. Grass Waterways: carries storm runoff slowly off fields so that erosion gullies don’t form; depth and width dependent upon:

a. Size of drainage area

b. Topography

c. Amount and distribution of rainfall

5. Terraces (steps): reduces erosion on sloping cropland by intercepting runoff and shortening slopes

6. Field Windbreaks: strip of large plants planted in or next to fields

a. Reduces wind erosion

b. Traps blowing snow

c. Conserves moisture

d. Protected crops, orchards, and livestock from wind

e. Provides valuable nesting for birds

7. Field Borders: strip or perennial vegetation; established to:

a. Control erosion

b. Protect farm edges from competition in adjacent woodlands, fields, etc.
II. Agriculture and Natural Selection

a. Non-human Organisms and Agriculture

i. Natural Selection:  the process by which surviving organisms have genetic characteristics that are advantageous for survival in their environment

ii. Humans are not the only organisms to benefit from agriculture.   We experience food to other organisms:

1. Spoiled food in the refrigerator: fungi, bacteria, other decomposers

a. Refrigeration, freezing, preservatives extend food life
2. Insects eat crops in the fields

a. Per pound, insects outweigh humans twelve to one

b. Widespread and diverse

c. Reproduce rapidly

d. Tremendous genetic variability within species; even greater across species
e. Integrated Pest Management (IPM): alternative to the use of chemical pesticides, especially when a pesticide has unintended consequences (may also destroy pests predator that keeps it in check)

i. Sterilizing males- reduces rate of population growth

ii. Breeding and Releasing “good” insects

iii. Crop rotation

f. Pest-resistant crop strains

g. Deliberately infecting insect populations with naturally occurring parasites

III. Food and Ecosystems

a. Plant Nutrition
i. Food chains have 3 levels

1. Producers: make their own food

2. Consumers: reliant upon producers

3. Decomposers: break down plant and animal refuse into simpler chemicals available for use by plants and animals

a. Necessary for recycling of nutrients

b. Help maintain soil structure and aeration

ii. Plants’ nutritional needs

1. Sunlight

2. Water (H2O)

3. Oxygen (O2)

4. Carbon Dioxide (CO2)

5. Minerals (soil nutrients); from 13 elements

iii. Photosynthesis and Respiration require need sunlight, water, oxygen, and carbon dioxide

b. Animal Nutrition

i. Metabolism: chemical reactions that take place in an organism as food is used

1. Water: adult body is 65% water by weight

a. Regulates body temperature

b. Transports nutrients

c. Carries waste
d. Participates in metabolism

2. Oxygen: required for respiration (breakdown of food)

3. Vitamins: organic molecules needed in small quantities to perform specific biological functions

a. Vitamins and enzymes often work together
4. Minerals:

a. Involved in functions of nerves and muscles

b. Formation of bones and teeth
c. Activation of enzymes (organic catalysts)

d. Transport of oxygen (Fe)

5. Proteins:  broken down into amino acids reassembled into body’s proteins

a. Give structure to cell organs

b. Others act as:

i. Enzymes

ii. Antibodies

iii. Hormones

iv. Metabolically active compounds

6. Lipids (fats)
a. Help maintain cell membrane structure and function

b. Building Blocks for some hormones

c. Provide concentrated source of energy

d. Carry certain vitamins

e. Provide insulation and protection of organs and body structures

7. Carbohydrates: body’s main source of energy

a. Prevents the breakdown of proteins for energy- “protein sparing”

c. Food and Resources

i. Average US farmer produces enough to feed

1. 94.3 US people/yr

2. 33.7 abroad people/yr

ii. Industrialized farming uses several times as much energy as is contained in the food to:
1. Production- 18%
a. Field work

b. Irrigation

c. Transportation

d. Crop Drying

e. Activities related to raising livestock, dairy, cattle, poultry

2. Processing- 33%
a. Pre-cooking and packaging of:

i. Frozen

ii. Canned 

iii. Dehydrated

3. Marketing (wholesale-retail)- 19%

4. Transport- 3%

5. Preparation of Food- 30%

a. Refrigeration (freezing)

b. Cooking

iii. Food and Fiber sector of the US economy uses about 16.5% of the total energy consumed

IV. The Challenge of Agriculture: Feeding the World and Saving Diversity

a. Seed Banks and Insectaries
i. Dangers of farming monocultures: a single type of crop

1. Most profitable to plant a single type of crop

a. Genetic diversity of crops is decreasing

b. As of 1970:

i. 5 specific inbred lines were parentage for 70% of seed corn used

ii. 2 varieties comprise 40% of winter wheat

iii. 2 ancestors for Northern-grown soybean

c. Historical problems: potato blight of 1840s

ii. Genetic material can be preserved in 2 ways:

1. Living Banks: large expanses of preserved ecosystems
a. Wilderness

b. National parks and monuments

2. Seed Banks: collecting, preserving, and maintaining the germplasm of naturally growing native plants and strains of food crops

iii. International Board for Plant Genetic Resources (IBPGR):
1. Established in 1974

2. Create and coordinate a worldwide network of germplasm resource conservation centers

3. Retrieves funds from:

a. World Bank

b. The Food and Agriculture Organization of the United Nations (FAO)

c. United Nations Development Program

iv. The US National Plant Germplasm System (NPGS): monitors genetic variability
1. Maintains more than 400,000 types of germplasm

2. 7,000 – 15,000 are added annually from foreign and domestic sources

3. Includes 7 key elements:

a. The National Plant Germplasm Committee: coordinates research efforts.

b. Crop Advisory Committees: national groups of specialists

c. The USDA/ARS Plant Genetics & Germplasm Institute:

i. Catalog all incoming germplasm

ii. Coordinate plant explorations

iii. Conduct studies to determine geographical and ecological distribution of significant genetic diversity in crop species

iv. Maintains a computerized database to register new germplasm

v. Maintain an inventory of germplasm
vi. Monitor viability of collections

vii. Process seed requests

viii. Provide information on plant characteristics

ix. Serves as an isolation facility where diseased or prohibited plants are quarantined to produce disease-free stock

d. National Seed Storage Laboratory (NSSL): Colorado

i. Only long-term storage facility for seeds

e. The Regional Plant Introduction Stations

i. Four stations have national responsibility of maintaining germplasm for specific crops

1. Iowa

2. Washington

3. New York

4. Georgia

f. The State/Federal Interregional Potato Introduction Station: Wisconsin
i. Upgrades potato germplasm
ii. Develop new varieties

g. The National Clonal Germplasm Repositories: maintain and distribute germplasm to plant breeders and researchers

v. Insectary: a place where beneficial insects are raised for use in controlling certain plant and insect pests

1. Biological pest control

b. Plant Biotechnology and Agriculture
i. Hybridization: the process of selective breeding: 2 parents are purposefully chosen to cross breed in the hopes of producing offspring with specific characteristics; may transfer undesirable characteristics

1. Seeds are collected for next season’s crops
ii. Plant biotechnology: allows for the transfer of very specific information so that only a few, beneficial traits are added to the new plant

1. Possible because of knowledge of DNA replication
a. Isolate the gene for desired trait
b. Once isolated, sliced into DNA of bacteria, such as Agrobacterium

i. Normally lives in soil

ii. Contains a gene that produces crown gall (a disease)

iii. Replace crown gall gene with gene for trait making the bacteria useful

c. Piece of plant placed into Petri dish with special nutrients

i. “Callus”- bunch of new cells grows from piece of plant

ii. Callus is wounded and altered Agrobacterium is inserted

iii. They are allowed to grow together for a few days

iv. Antibiotic is applied to kill the Agrobacterium
d. Some genes remain after death of Agrobacterium, including desired, transferred gene

e. Alternatively, isolated gene may be forced into callus cells using a particle gun and very small particles of gold or tungsten (.4-1.0 (m) at very high speeds

c. Carrying Capacity and Various Perspectives

i. Carrying Capacity: the maximum number of a given organism that a given ecosystem can support; the number that can be held without damaging the environment

1. For humans, linked to standard of living

2. Controversial from both scientific and political viewpoints

a. Our population should be kept well below 10 billion

b. Earth can support many more vegetarians than meat-eaters
c. Based on the 2nd law of thermodynamics

i. Feeding low on the food chain could feed many more people

3. Technology and human ingenuity will keep us fed

ii. So, hoe many people can the Earth support?

1. Estimates range from about 6 billion to 1000 billion (IF we don’t consider space) 
