SOIL

Renewable or nonrenewable?

· Soil is created at a rate of 10 tons per hectare (2.5 acres) per year under the best conditions

· Under poor conditions, it can take thousands of years to form that much soil

· Soil is created by natural processes, but we are depleting it at a faster rate than it can be created

Formation of soils

· Soils are formed from weathering biological (plants and fungi), chemical (oxidation), and physical (wind, water)

· They are enriched by organic material from plants and animals

· The rate at which soil is made is determined by the temperature, the amount of soil organisms and biotic community

LAND RESOURCES

· MOST OF THE WORLDS CROPS GROWN ON CONVERTED GRASSLANDS AND FORESTS

· 10% OF EARTH'S LAND AREA CULTIVATED, COULD BE 4X MORE

· REFUGES, STEEP SLOPES, SHALLOW SOILS, POOR DRAINAGE, LOW NUTRIENT LEVELS, METAL TOXICITY, TOO SALINE OR ACIDIC

· CURRENT AVG.. USE = 0.26 HECTARE/PERSON (0.64 ACRE)

· WILL DECREASE TO 0.17 BY 2025

· 95% OF INCREASE PRODUCTION DUE TO IMP CROP VARIETIES, FERTILIZATION, IRRIGATION

· LARGEST INC..... IN CROPLAND IN SOUTH AM.( 1/5 OF POTENTIAL) AND OCEANA 

· FORESTS AND GRASSLANDS CONVERTED

· MOST NON CULTIVATED ARE POOR SHALLOW SOILS

LAND DEGRADATION

· EVERY YEAR 3 MILLION HA CROPLAND RUINED BY EROSION, 4 MILLION TURNED INTO DESERTS, 8 MILLION TURNED INTO NON AG.. USES (HOMES, HIGHWAYS, MALLS ETC..) - INT’L SOIL REFERENCE AND INFO CENTER

· 300 MILLION HA STRONGLY DEGRADED 910 MILLION MODERATELY DEGRADED

· FEWER CROPS, ANIMALS

Soil Organisms

· The soil organisms are responsible for breaking down the organic material

· Algae live on the surface

· Fungi and bacteria are in the top few cms.

· One half teaspoon can contain hundreds of millions of cells

· bacteria fix nitrogen in the soil

· worms and insects add and cycle nutrients in the soil

soil organisms

· USUALLY STAY CLOSE TO SURFACE

· BILLIONS INDIVIDUALS/HECTARE

· THOUSANDS OF SPECIES

· ALGAE AND BLUE GREEN ALGAE ON TOP

· BACTERIA AND FUNGI W/IN TOP CM.’S

· SWEET SMELL = ACTINOMYCETES, MAKES STREPTOMYCIN AND TETRACYCLINE

· ROUNDWORMS

· CAN ATTACK PLANT ROOTS, MOST HARMLESS

· MITES, INSECTS, SEGMENTED WORMS

· 1000’S/ 1/2 TEASPOON

· BURROWING ANIMALS

· MOLES, WORMS, INSECT LARVA AERATE THE SOIL

SOIL PROFILES (CROSS SECTION OF SOIL)

· SOIL HORIZONS = LAYERS OF PROFILE

· O =SURFACE LITTER

· LEAVES DEBRIS, PARTIALLY DECOMPOSED MATERIAL

· A = TOPSOIL ZONE OF ELLUVIATION

· CONTAINS MOST OF LIVING MATERIAL AND ORGANIC MATERIAL

· MAY HAVE Aoo LAYER = DECOMPOSITION

· Ao LAYER = FERMENTATION

· WATER INFILTRATING (PERCOLATING) HERE MAY BECOME ACIDIC

· LEACHING BEGINS HERE, (AIDED BY ACIDIC CONTENT OF SOIL SOLUTION) CARRIES MINERALS TO BE DEPOSITED IN LIGHTER COLORED AREA BELOW CALLED ZONE OF ILLUVIATION (E HORIZON)

· B HORIZON  = SUBSOIL

· LOWER ORGANIC CONTENT, MORE FINE MINERALS. CLAY MAY ACCUMULATE HERE.

· MAY FORM “HARDPAN” = IMPERMEABLE LAYER

· C HORIZON = PARENT MATERIAL

· WEATHERING HERE PRODUCES NEW SOIL

· IF BELOW  FROST LINE, CHEM. WEATHERING, ABOVE F.L.., BOTH.

· 97% TRANSPORTED FROM SOMEWHERE ELSE (EROSION)

· D HORIZON = BEDROCK

Soil Horizons

SOIL DIFFERENCES

· TEXTURE

· LOAMS

·  MINERAL CONTENT = 40% SAND, 40% SILT 20% CLAY

·  OR ROUGHLY = PARTS SAND, SILT , CLAY AND ORGANIC MATTER

· POROSITY

· PERMEABILITY

· SOIL STRUCTURE (HOW SOIL PARTS ORGANIZED)

· ALL INFLUENCE WATER HOLDING CAPACITY, AERATION OR O2 CONTENT AND WORKABILITY

Major Characteristics of Soil

· Soil Composition

· Particle Size

· Soil Texture 

· Organisms

· Soil Horizons

Soil Composition

· Soils are made of:

· particles

· gravel (2-64mm) sand (.05-2mm) silt (.002-.05mm) and clay (less than .002mm)

· minerals

· organic material - humus (sticky brown residue from partially decomposed plants and animals)

· humus creates “structure” -how particles cling together

· humus holds minerals in soil

Particle Size

· Particle size determines the amount of air and water that is contained in a soil

Soil Texture

Properties of Soil Types

· Types of Soils:
 Desert

· Types of Soils: 
grassland

· Types of Soils:
 tropical rain forest

· Types of Soils:
 deciduous forest

· Types of Soils:
 coniferous forest

EROSION - WATER AND WIND


Soil Erosion

· Soil erosion: the movement of topsoil and leaf litter from one place to another

· Caused by wind and air

· Although erosion is normal, plants normally anchor topsoil

· logging, farming, grazing, burning an off-road vehicles are causing rapid erosion

· 1% OF WORLDS CROPLAND/ YEAR ERODED AWAY

· 25 BILLION METRIC TONS/YR. OF CROPLANDS WORLDWIDE. ( 2X THAT IN CONSTRUCTION, RANGELANDS, AND FORESTS)

·  2.5 BILL. MET. TONNES/YR. IN U.S. (50 MILLION BOXCARS)

·  84% OF FARMS HAVE 11 METRIC TONNES/HA /YR. LOSS. 

· 1/3 LOSS SINCE BIRTH OF U.S.. IN IOWA 2 BUSHELS SOIL LOSS/BUSHEL CORN 

 EFFECTS OF EROSION

· REDUCE PRODUCTION

· 25%  DEC PROD IN AFRICA AND CENTRAL AM.

· 20% DEC. PROD. IN SOUTH AMERICA

· 1935 SOIL EROSION ACT IN U.S.

· SOIL CONSERVATION SERVICE

CAUSES OF EROSION

· CAUSES

· OVERGRAZING 35%

· DEFORESTATION 30%

· UNSUSTAINABLE FARMING 28%

· WORLDWIDE 7% LOSS OF ACTUAL OR POTENTIAL CROPLAND/DECADE

EROSION SITES

· DETERMINED BY RIVER SEDIMENT LOAD

· HUANG (YELLOW) RIVER IN CHINA THE GREATEST (1/5TH MISSISSIPPI, 4X THE SEDIMENT) 700 KG SILT/M3 = ALMOST MUD

· ETHIOPIA HAS HIGHEST LOSS

· HAITI DEGRADED SOIL

· DEFORESTED, MADAGASCAR SAME

Types of Erosion

· Sheet erosion

· surface water moves down a slope; thin uniform sheets of soil are removed 

· Rill erosion

· little rivulets gather to cut small channels

· Gully erosion

· water forms channels and ravines

· Streambank erosion

· washing away of soil from the banks of a river

· results from tree removal and cattle damage

Rill and Sheet Erosion

Gully Erosion

Global soil erosion

Desertification

· Denuding and degrading land inducing a desert-producing cycle

· productive potential of arid or semiarid land falls by 10% or more

· Things leading to desertification

· overgrazing of rangelands

· deforestation

· surface mining

· soil compaction

· salt buildup and waterlogging

DESERTIFICATION

· PRODUCTION FALLS > 10%

· LOW < 10% 

· MODERATE < 25% =  60K KM/YR.

· SEVERE < 50% = 210 KM / YR.

DESERTIFICATION

· CAUSES

· OVERGRAZING

· DEFORESTATION

· SURFACE MINING

· IRRIGATION W/ INC.... EROSION

· SALINIZATION = SALT BUILD UP AND WATERLOGGED SOIL

· WATERLOGGING - RAISE WATER TABLE, SALT NO DRAIN

· STEEP SLOPE FARMING OR THIN SOIL

· SOIL COMPACTION

Salinization and Waterlogging

· Water contains dissolved salts

· When water evaporates, the salts are left behind

· Soil salt levels increase

· Farmers apply large amounts of water in order to leach salts deeper into the soil

· Roots are saturated with water, killing plants

DESERTIFICATION EFFECTS

· 8.1 MILLION SQ. KM DESERTIFIED IN LAST 50 YEARS

· AFFECTS 900 MILLION PEOPLE IN 100 COUNTRIES

· $42 BILLION LOST IN CROPS/YR.

Desertification

DESERTIFICATION SLOWDOWN

· REDUCE OVERGRAZING

· REDUCE DEFORESTATION/REFOREST

· CHANGE FARMING TECH

· COST $22 BILLION/YR. TO IMPLEMENT

· SAVE $42 BILLION / YR. IN CROP LOSSES

Soil Conservation

· Contour plowing

· plowing across the field instead of up and down

· Strip farming

· planting different types of crops in rows (only one is harvested and other maintains soil

· Terracing

· shaping land to make flat shelves to hold water

· Alley cropping

· a form of intercropping where trees that can provide shade and nutrients for crops

Contour planting and strip cropping

Terracing

RESTORING SOIL

· COMMERCIAL INORGANIC FERTILIZER

· 9X INCREASE SINCE 1950 -1984

· 40% OF CURRENT CROPS DEPENDENT

· DECREASE HUMUS, INC.... % COMP OF MINERALS = COMPACTION, DECREASE SOIL O2

· INC.... WATER POLLUTION  FROM RUNOFF

· ALGAL BLOOMS, ANOXIA, FISH KILLS
· RELEASE GREENHOUSE GAS N2O

· EXPENSIVE TO TRANSPORT

· ORGANIC FERTILIZER

· ANIMAL MANURE

· DUNG AND URINE

· IMPROVES SOIL STRUCTURE

· POLLUTES WATER IF NOT USED

· GREEN MANURE

· LEGUMES RESTORE NO3, PLOW UNDER GRASSES AND CLOVER

· COMPOST

· ALT LAYERS OF SOIL AND WASTE (NO MEAT WASTE)

· CROP ROTATION

· CAN ADD NO3 (LEGUMES)

· REDUCES PESTS (CHANGE PEST TARGET)

