Lecture Week 1

Chapters 1 & 2, 

Soil as a Medium for Growth

Importance of soil -  thin mantle of soil in which terrestrial plants grow.  Soil is not “dirt”.

Soil is comprised of soil particles, air, water and organic material.  The relative composition of the soil and the characteristics of these constituent parts are what define the soils capability as a medium for growth.

About 50% of a soil is pore space or voids.  This void space contains the air and water also critical for plants.   Soil acts as a rooting or anchoring medium as well as the source of water, oxygen  and minerals. 

ESSENTIAL NUTRIENTS

16 essential nutrients:  90% of the dry plant material is carbon, hydrogen and oxygen.   Of the remaining 13  Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesiu8m (Mg), and sulfur (S ) are called the macronutrients because they are required in larger amounts.  The seven micronutrients are boron (B), chlorine(Cl), copper (Cu), iron (Fe), manganese (Mn),  Molybdenum (Mo) and zinc (Zn).  Cobalt is required only by some plants.

Sources of minerals vary but most exist in the mineral or organic portions of the soil;  the decomposition of organic material into its inorganic constituent parts or the weathering of rocks and soil to produce the ions of minerals.

Available nutrients are those ions that plants and soil microorganisms can absorb.  Minerals are absorbed by roots as cations and anions from the soil solution.  (Cations are positively charged and anions are negatively charged).  The amount of cations and anions absorbed is approximately equal.

WATER

A great deal of water is required to produce one gram of dry plant material.  Of all of the water absorbed by a plant only about 1% becomes integrated into the plant itself, the rest is lost to respiration, evaporation, etc.

A plants need for water changes over its growth period and life.  Crops depend on water at critical times, and the ability of the soil to absorb, retain and release water is critical.  The quantity of soil water is a function of supply, evaporation, [plant use and the ability of the soil to hold water against the pull of gravity.  A soil that becomes saturated however will; have no air space and plants will suffer from the loss of oxygen.

OXYGEN

Oxygen is absorbed and used by plants for respiration

PLANT DEVELOPMENT IN SOIL

Roots extend from a seed into the soil matrix.  Soils vary laterally and horizontally.  As roots go deeper they encounter soils with different concentrations of air, water, nutrients, etc.   In response to the varying conditions, roots perform different functions.

Roots are very extensive in the soil.  Water and nutrients are found and absorbed using several strategies or processes:

1. root interception is the process by which the elongation of roots simply puts the root into physical contact with the nutrient or the water.  This methods is though to contribute only about 1% of the plants needs.

2. Mass flow is the process by which plants draw water and nutrients toward them by absorbing the water at the root surface

3. Diffusion refers to the movement of nutrients/water in the soil as a result of the concentration gradient.

SOIL FERTILITY

When we speak about soil fertility we are talking about the ability of a soil to supply the required elements of plant growth without a toxic concentration of other elements.   Soil productivity refers to the ability of a soil to produce certain yields.  Fertility refers to supply, productivity refers to performance.

CHP 2    Soil as a natural body

PARENT MATERIAL

Soils are formed naturally in two ways.  First the development of parent material – bedrock is not considered the parent material of soils because soil layers do not form in it.  Second is the development of soil layers themselves.   It is important to note that most soil material is derived from the rock parent material and that the organic portions of the soil are only a small portion of the soil composition.  These processes of forming the parent material and layering may occur simultaneously as bedrock weathers.

Rates of weathering vary and are a reflection of the rock material itself and the climate.  The text estimates a period of 100,000 years would be required to form a foot of residue from a limestone rock.  

Weathering and Erosion :

SOIL FORMATION

4.5 Billion years ago +/-, the first thin crust of land formed.  Volcanic activity and heat prevented any life from occupying this virgin ground for half a billion years.  Water vapor was tied up in the atmosphere, no oceans or surface water to speak of…gradually the earth began to cool…and then it started to rain and rained for about 12,000 years.  When it started to rain the surface of the earth was probably mostly black and white, like the surface of the moon.  Most of the browns, reds, and yellows we think of in soil are from oxidized metals or decomposing organic materials, but these had not yet oxidized or evolved…

The rain scoured the land into the curves of the land, finding weak spots and fissures, capitalizing on topographic variation,  huge rivers were formed as water rushed to the low places and collected…and formed the seas…and as the seas were born the high places were left exposed…wind and rain continued to work on these places

At some point about 3 billion years ago, some chemical compounds came together in the right way and life was formed…the earliest of cells was born.  Since then these cells have grown and developed using the materials found in the sea and air and soil to form their bodies and to grow.  As soon as life was formed it too began to change and adapt and evolve.

Soils are formed from weathering and erosion…as rock is weathered and broken down the smallest particles and pieces are born away be erosion…material is transported by water and wind and added to existing soils and form layers…(illuviation and eluviation)

Layers are related but differ from each other in their physical makeup.  Layers are called horizons; soil formation is the development of soil horizons.  A soil profile is a look down the horizons of a soil.  Horizons form from differential gains, losses, transformations and translocations over long periods of time.  Examples include:

1. organic matter added from plants (topsoil)

2. transformation of rocks and organic materials through weathering and the decomposition of organic material

3. soluble components leaching out of soil

4. translocation of suspended material from the topsoil to the subsoil
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1 & 2
Parent Material Weathers to an inorganic soil material called the C Horizon Soil which is covered by a layer of C Horizon material and humus.  This organic/inorganic layer is called the A Horizon.  A young or simple soil profile like this is called an AC soil.

3
Over time the subsoil C layer begins to develop a distinct color and structure that distinguishes it from the parent material.  This new layer is called the B Horizon.  In its early stages the interstices of the B Horizon has not been filled with fines from the A Horizon.  It is said too be weakly developed and is designated Bw.

4 As the soil matures lime is dissolved in water and leaches down  into the subsoils creating an acid condition in the subsoil.  The acidity of the subsoil contributes to the weathering  of the C Horizon and Parent material as well as the dissolution of the B layer itself.  The chemical weathering results in the creation of clays, increases the nutrients in the soil solution and other materials are leached from the soil material.  Clays are primarily a result of chemical weathering.  When the clay content of a Bw soil increases due to the translocation of clay particles the soil is renamed a Bt horizon.

The process of a soil material moving from one horizon to accumulate in another is  called illuviation.  Page 16 compares four soils for clay content.  Note that as illuviation continues the productivity of a soil may decrease due to loss of pore space, and the creation of an impermeable zone that perches the water table.

Bt horizons do  not form in soils with sand parent  materials since there is little clay in these parent materials.  In such soils humus in reaction with oxides of iron or aluminum form soil complexes in the upper most layers.  In areas where there is sufficient moisture these complexes may each into the B layer,  where this occurs the B horizon is called a Bhs Horizon.  (h indicates humus and s the oxides of iron or aluminum).

5.
As the smallest particles are leached out of the upper layers of soils, a thin layer of particles may form between the A and B horizons.  This is the E horizon.  The A and E  layers are both eluvial that is “washed out” but the A layer has the dark color associated with the humic components and the E layer does not so it is lighter in color.

6. O Horizons are formed from organic materials that have decomposed at the bottom of water bodies.

SOIL FORMING FACTORS

5 factors of soil formation are:

1. parent material (presence of clay)

2. organisms (grasses tend to produce thick A horizons, forests thin A horizons)

3. climate (precipitation, temperature)

4. topography (erosion)

5. time

The book defines soils as “ unconsolidated material on the surface of the earth that has been subjected to and influenced by the genetic and environmental factors of parent material, climate, organisms and topography all acting over a period of time.”

SOIL BODIES IN THE LANDSCAPE

A soil that displays the same general characteristics over an ara is thought of as a soil body.  (Note the picture on page 19).

