BIOL*2060 FINAL EXAM REVIEW
Major cycles in soil ecosys: energy, water, nutrients

Soil composition: 50% pore spaces (20-30% air; 20-30% water); 50% soil solids (45% mineral; 5%organic) Good soil conditions may have 25% liquid volume; 25% solid volume

Soil as a natural product of the ecosys: soils are at the interface of the atmosphere, hydrosphere, lithosphere, and biosphere. Soils are a product of these components of the ecosys thru the cycling of energy and matter within the system.

Soil as a phys sys: density, porosity, arrangement of pores

As a chem sys: dissolution of mineral material and precipitation of new solid phases

As a biol sys: the living fraction is very important in the transformation of organic compounds in the soil Soil texture: the range of size of individual particles of the mineral fraction of the soil (NOT ORGANIC)
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	gravel or stones
	>2.0mm
	

	sand
	2.0mm-0.05mm
	Gritty

	slit
	0.05-0.002mm
	Smooth, slippery or floury but not sticky

	
	
	

	clay
	<0.002mm
	sticky
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Basic soil textural class: sandy, loamy, clayey (from coarse to fine)

Pedologic processes: erosion, deposition, illuviation, weathering alter soil textures Adding peat/ compost to soil while mixing a potting medium does not change texture

 soil texture only refer to mineral particles, not relevant to artificial media that contain mainly perlite, peat, Styrofoam, & other non-soil components…

Soil structure: the arrangement of individual particles into clumps of soil

Major factor of structure: organic matter (act as cementing agent to hold indv particles togther) Single grain; granular; blocky; columnar; platy; massive

Density, porosity, permeability, color, surface area, mass, volume, water holding capacity depend on texture and structure of soil.

Soil colour: most obvious characteristic

Dark colour  accumulation of organic matter (Ah)

Reddish-brown or rust colour iron that is in oxidized or ferric state (Fe3+). Iron is oxidized when the soil is well aerated (Bf)

Dark blue-gray colour  reduced or ferrous iron (Fe2+) when oxygen is limiting (saturated w. water)

Soil horizons: observation of soil in the vertical dimension (layers): organic matter content decreases at the lower depths. They are the result of soil formation over time.

Most of Canada, last ice age ended about 10,000 yrs ago.

At the start of soil formation, the soil consisted of an undifferentiated deposit of parent material.

Changes develop from top down thru the accumulation of organic matter near the surface and the movement of material downward  formation of horizontal layers

Material lost to a lower horizon is eluviated from the surface horizon and illuviated/ accumulated in a lower horizon.

1. A horizons: formed near the soil surface. May show evidence of eluviation and have max in situ accumulation of organic matter
2. B horizons: altered or enriched in soil constituents formed in situ and/or illuviated from the overlying A horizon
3. C horizons: relatively unaffected by pedological processes except for gleying and accumulation of carbonates and soluble salts. (unaltered parent material)
Control section is the vertical section of soil upon which classification is based. For mineral soil it extends from the mineral surface to 25cm into the C horizon or to a depth of 2 meters, whichever is less.

Eluviation- movement of material from surface to lower horizon Illuviation- accumulation of material in lower horizon

Soil profile: collectively a sequence of horizons constitutes a soil profile

Soil development: mineral soil profiles generally consist of 2 or more master horizons (ABC horizons)

Soil classification systems: 2 kinds of classifications:

1. Taxonomic - the Canadian System of Soil Classification based on the properties of soils (soil survey)
2. Capability- based on the potential for use of soils (land use)
Canadian System of Soil Classification- 5 taxa based on soil properties that can be readily observed in the field or w. lab analysis.

Orders- differentiated on the basis of properties of the soils that reflect the nature of soil envir and dominant soil formation processes

Great groups- on the basis of the kind and arrangement of horizons (presence of a special horizon)

Subgroups- based on parent material characteristics such as particle size, mineralogy, depth, reaction, and on differences in soil climatic factors

Families- based on properties that reflect differences in strengths of the dominant processes or a major contribution of an additional process

Series- are groupings of pedons w. similar arrangements of horizons whose color, texture, structure,

consistence, thickness, reaction and composition fall within a defined range.

Individual soil: a pedon (Basic unit of soil) is a real body of soil which has the minimum dimension of 1mx1m and 1-2m deep. Soil series is grouping of pedons w. properties w/i a restricted range.

Canadian system of soil classification

Soils are classified on the basis of soil horizons. Soil horizons are recognized chiefly on the basis of differences in soil colour- the most obvious feature of soil and its structure.

Soil horizons- 2 major groups: primarily mineral (inorganic) material; primarily organic materials Mineral Horizons A, B, C master horizons are given one or more suffixes

Ah- a dark colored horizon enriched in organic matter (mineral horizon darkened by organics) Ap- a horizon similar to Ah but subject to cultivation (ploughed)

Ae- a light colored horizon eluviated in clay, Fe, Al (lost material to lower horizon) Bf- Fe (reddish color) and Al

Bt- clay

Bn- Na

Bm- brown colored, minimum development C- acidic

Ck- calcareous (calcium carbonate)

g- light colored, reduced conditions (more common in B) k- calcium carbonated (more common in C)

s- soluble salts

y- affected by cryoturbation z- a layer of permafrost

Organic Horizons

Formed under dry conditions:

LFH- a forest humus layer of leaves, needles, twigs, etc. in various deg of decomposition (loose accumulation of organic matter in various stage of decay)

Formed under wet conditions:

Of- fibric materials (largely unaltered)

Om- mesic materials (in intermediate state of decomposition) Oh- humic materials (advanced stage of decomposition)

e.g. Prairies: Ap, Ah, Bm, Ck

N. Ont. (granitic origin): LFH, Ae, Bf, C

(under acidic conditions resulted from the granitic origin of parent material and the impact of coniferous vegetation, iron and aluminum become soluble and are leached downward)

Soil orders:

Regosolic

least developed of Canadian soils

young parent materials such as in river valleys or areas of active erosion or deposition. consist of an Ah horizon directly overlying a C (LACK OF B horizon)

Distribution: in valleys of the MacKenzie, Slave, Peace and Saskatchewan rivers.

Brunisolic

Slightly more developed than regosols, have a weakly developed Bm

Found where soil development is slow (Yukon and NW. Territories) due to cold climate or b/c of the nature of

parent material in S. Ont

Luvisolic

Calcareous parent material (Ck), usually in deciduous or mixed forest Presence of Bt horizon (rich in clay that was eluviated from Ae horizon)

2 Great Groups in the Luvisolic Order: Gray (LFH- cooler forested region) & Gray Brown (Ah- warmer region e.g. S. Ont)

Dominant soil of S. Ont, the Clay Belt area of N. Ont & Quebec, forested regions of Prairies and interior B.C. distribution is controlled by vegetation and climate.

Chernozemic

Dry climates Bm

Dark chernozemic Ah or Ap (contains lrg amt of exchangeable calcium) Almost exclusively developed on calcareous parent materials (Ck)

4 Great Groups- Brown, Dark Brown, Black, Dark Gray Chernozemic.

S. Praireis (dry climate), dry interior plateau of B.C. appears as a series of concentric rings emanating from S. Saskatchewan. Brown found in inner ring (arid regions), Black and Dark Gray in outer ring (humid regions) –

influenced by climate, esp soil moisture.

Solonetzic

Also in dry climate.

saline parent materials (sodium salts)—Bnt formed by downward movement of sodium and clay B horizon in columnar structure

Only in Saskatchewan, Alberta and small area of B.C. b/c require sodium rich parent material and a relatively

arid climate. (not common in Canada)

Podzolic

Acidic parent material (granite) & coniferous forest vegetation LFH, Ae, Bf, C

Light colored Ae overlying a reddish-brown podzolic Bf(h) horizon rich in Fe & Al hydroxides

Principal soils of Boreal Forest of the Precambrian Shield  N. Ont, Manitoba, Saskatchewean, & Quebec.

Occupy 1/6 of land surface of Canada (relatively extensive in productive forest regions)

Gleysolic

Dull gray color (reduced iron Fe2+) due to water-logging

Small areas of reddish color (mottles) indicate some oxidation of iron to Fe3+ around cracks or root channels where oxygen is present (wet mineral soils in low topography)

Can form on any kind of parent material

Organic

Largely organic material (>17% organic carbon)

Wet areas w. substantial plant growth but decomposition is restricted due to low oxygen content in water (swamps and bogs)

Horizons in organic soils are designated by deg of decomposition of organic matter In wet poorly drained depressions of N. Ont and the Praires

Formation and distribution of Gleysolic and Organic soils is a factor of topography: areas w. restricted drainage, such as at lower portions of slopes or depressional areas are usually wet.

Cryosolic

The most extensive soil order in Canada occupying 40% of land surface Permafrost near surface (cold climate, serious climatic limitation)

horizon characteristics created by the active churning of freeze-thaw cycles

most are in north of the tree-line & have a mean annual soil temp of 0 C. Cryosols south of the tree-line are chiefly organic Cryosols in the Hudson Bay Lowland area of Ont.

Vertisolic Order

dark colored soils, w. swelling clays, presence of slicken sides or wedge shaped aggregates, >30% clay, cracks

that open and close periodically. Diagnostic horizons include a slicken side horizon(ss) and a vertic horizon (v) horizon affected by argillipedoturbation

Diagnostic horizons- compare Chernozemic & Solonetzic, both soils have dark-organic rich Chernozemic Ah, but Solonetzic soil also has a Bnt (reflects difference in parent material)

Distribution of Canadian Soil Orders:

Cryosolic 40% Podzolic 16% Brunisolic 9% Luvisolic 7% Chernozems 5% Organic 4% Gleysolic, Regosolic, Solonetzic, Vertisolic 1% each (Rockland 15%)

Major settled areas of Canada coincide w. Luvisolic soils in eastern Canada & northern Prairies, Chernozemic soils in the Praireis and marginally on the Podozolic soils in northern Quebec, Ont, and the Praireis. //The pattern of development in Canada is strongly influenced by the potential of soils in various areas, settlement was guided by the availability of soils sutable for agriculture. The Luvisolic and Chernozemic soils have the best characteristics for management St. Lawrence Lowlands and the Interior Plains were the major areas of settlement.

Soil formation:

2 phases of soil development: formation of soil parent material; alteration of parent material by soil formation processes (pedological processes)

Parent materials of soil are the unconsolidated mineral material, the regolith, that covers the earth’s surface in which our soils have formed

Composition of parent material is related to the composition of the original rock and the geomorphological processes that have sorted and redeposited the fragmented rock.

In Canada, the most significant geomorphological process has been glaciation parent material was moved, sorted and redeposited 10,000 yrs ago. (relatively young)

Soil formation: the changes induced in the parent material by natural processes that lead to additions, losses, transformations and translocations.

1. Addition- plants introduce organic matter to surface

2. Translocation- water leached downward thru the deposit carrying some material deeper into soil

3. Loss- carry material out of the soil profile

4. Transformation- some materials may have been altered by interaction of phys, chem, and boil process

5 Factors of soil formation: parent material, climate, biota, topography, time (independently or interdependetly)

I.
Parent material: starting point for soil formation.

2 important impacts on soils:

1. chemical composition- largely controlled by original rocks of the earth’s crust

· in the Precambrian area rocks are high in silica  acidic in nature
N. Ont. Granite-gneiss  acidic condition, Fe & Al become soluble and leach down

· S. Ont. Rocks are largely sedimentary beds of sandstone, limestone and shale. Contains limestone or calcium carbonate  alkaline in nature
2. particle size – related to the mode of deposition

· for most areas of Canada, the last glaciation and the subsequent resorting with water has been the major factor in determining particle size of the parent material.

Glacial processes and Canadian soils

Glacial ice flows internally from the source of the ice mass to the snout regardless of whether the ice mass is advancing, retreating or remaining stationary  great masses of material were transported and deposited, creating the great variety of landforms on which our soils formed

Glacial deposits (glacial landforms)

1. End or recessional moraine: formed from debris carried by the ice. Formed by stationary ice front. Composed of glacial till, often boulder with a rough steep topography
2. Ground moraine: formed by rapid melting of ice sheet. Composed of generally unsorted glacial till with a relatively level topography
3. Drumlin: formed as ice flow shapes the ground moraine into elongated, oval-shaped hills. Their long axis is
parallel to the direction of ice movement. They typically occur in clusters.

Glaciofluvial deposits

1. Outwash plains: formed adjacent to end or recessional moraines thru deposition from a broad sheet of melt water moving rapidly away from the ice front. Composed of stratified sands and gravel with generally level topography
2. Spillway: drainage channels formed by rapidly flowing melt water. Deposits in the channels are well rounded boulders, gravels and sands, sorted by the relative velocity of the water
3. Kame: deposits formed by containment of melt water by ice lobes. Composed of sands and gravel, and may contain stratified sands and silts.
4. Esker: deposits from rapidly flowing water in channels beneath the glacial ice. Composed of gravels in rough
sinuous ridges.

 In general, deposits formed by rapidly moving water are coarse textured in nature. Large boulders have remained near the melting point of the glacier while silt and clay particles have been transported much farther away from the ice.

Glaciolacustrine deposits

1. Delta: formed when streams or rivers enter bodies of standing water. The rapid reduction in water velocity allows the largest particles, principally sand-sized material, to drop out of suspension. The deposits may be spread by wave action and are exposed when water levels in the lake are lower
2. Lacustrine silts and clays: deposits found in glacial lakes of the finest material carried by the streams. The material settles out over a longer period of time. The deposit may be stratified or varied as a result of deposits
at different times. Topography is level.

 The finest particles contained in the melt water are deposited in the calmest water. areas that were originally glacial lakes, soils are high in clay content as a result of glacial hx of the region.

AI. Climate and vegetation
2 key climatic factors affecting vegetation: effective precipitation; temperature

Climate has a major impact on plant growth and therefore on the input of energy into soil in the form of organic compounds.

Major climate/vegetation regions of Canada: Tundra, coniferous forest, deciduous forest, Prairies, Steppe, rain

forest

BI. Topography
Topography modifies the effect of other soil forming properties.

By altering the amt of precipitation that runs off a surface- affects percolation thru a soil profile. Steep slope rapid soil losses by erosion & allow less rain fall to enter soils. In semiarid regions, lower effective rain fall on steeper slopes, less complete vegetative cover, less plant contribution to soil formation.

Soil temperature is affected by slope and aspect (direction of the slope)

Combination of slope, aspect and water positioning will determine the rate of vegetation growth and therefore the input of organic material into the developing soil.

Moisture relationships become significant in lower parts of the landscape. In wet conditions, organic matter decays more slowly b/c of lack of oxygen in soil (weathering is retarded) Poorly drained soils tend to accumulate organic

matter. Extreme condition is the formation of an organic soil such as a peat soil that would be found in a bog.

IV.
Time

Young soil vs mature soil  depends on rates of weathering, not by years

Parent material was deposited during and at the end of the last glaciation ~ 10,000 yrs for most Canadian soils. Time controls the impact of the other soil forming process: parent material, climate, biology and topography.

Interaction and function of the 5 soil forming factors: (TEXTBOOK!!!)

On a level site in warm climate, w. much rain fall on permeable parent material rich in reactive minerals, weathering soil profile differentiation will proceed far more rapidly than on a site w. steep slopes & resistant parent material in a cold, dry climate.

Older  bigger B,C horizons, less unweathered rock, more accumulation of minerals

[image: image5.jpg]Soil Water Content (%)

40

Field capacity

Plant available
water

a0

20

10
permanent wilting point

sand sandy  loam sitt clay  clay
foam Ioam loam

Soil texture class




Soil as a rooting medium

Plant growth require climatic factors (light, heat), soil factors (support, water, and nutrients)

Significance of Soil Texture on Root Growth

Soil texture affects pore size, water movement, erosion

Soil texture= proportions of different sized particles in soil (inherited soil characteristic, seldom changes)

Pore size is very important in the rate of water movement, the water holding capacity of the soil and the rate of air movement (aeration)

Air and water movement are imp for healthy root growth. Roots require oxygen and therefore soil textures that have larger pore sizes will have better aeration more suitable for root growth.

Soil texture (surface area) is related to chemical rxn in soil since many rxn occur on surfaces. Smaller particles have a larger surface area to mass ratio. Greater surface area= greater ability to hold water & nutrients (water

is retained in soils as thin films)

Influence of surface area on soil properties

1. Water is retained in soils in thin film, greater surface area= greater capacity to hold water

2. Greater ability to retain nutrients & chemicals

3. greater rate of release of plant nutrients from weathering

4. Greater propensity for soil particles to stick together in a coherent mass (discrete aggregate)

5. Microorganisms reacts w. soil

Clay vs. Sand: Pore spaces exist b/t soil particles. Clay pores smaller than sand pores.

Clay soils are sticky b/c of the surface tension of thin films of water b/t surfaces of clay particles. Sand particles w. much less surface area don’t have sufficient water films to hold the particles together  not sticky.

Significance of Soil Structure on Root Growth

Soil structure affects: porosity, aeration, water movement, erosion  all relate to root penetration

Soil structure is a dynamic characteristic (whereas soil texture remains constant). Structure develops b/c of processes such as wetting and drying, freezing and thawing and biological activity.

Development of soil structure is sometimes restricted b/c of inherited soil texture. A sandy soil cannot stick together into larger aggregates like a clay soil  some sandy soils have single grained structure while finer textured soils can have well developed structure.

Structure can vary in stability of the aggregates. Major factor in stabilizing soil aggregates is the organic matter content of the soil. Organic matter content is a variable related to vegetation and crop removal  practices that alter the organic matter content also affect soil structure (extensive cultivation  loss in organic C, increase in

Bulk Density)

Structure types & mineral soils

1. Spheroidal- granular structure loosely packed, porous; A horizons: rapid & wide changes, high organic content; in grassland soils, surface soils

2. Platelike- platy structure thin horizontal peds, in surface/ subsurface horizons; may be inherited from parent materials; compaction of clayey soils by heavy machinery. Common in E horizons

3. Block-like- blocky structure irregular, roughly cubelike; indv blocks are not shaped independently, are molded by shapes of surrounding blocks (if sharp & rectangular  “ angular blocky”); in B horizons in humid regions, have good drainage, aeration, root penetration may be in A horizons

4. Prism-like- Columnar (rounded tops, high in Na, in arid & semiarid regions)/ prismatic structure (angular & flat tops, swelling types of clay, poorly drained in humid regions)  vertical prisms vary in height

Characterization of Soil Structure

3 phys properties of soils: particle density, bulk density, porosity

Vb=bulk/total volume (includes volume of soild and pore space) Vb=Vs+Vp Vs=solid volume; Vp=pore volume

Vw=volume of water; Va=volume of air

Ms= mass of soil solids (oven dry) excluding water and air

Mw= mass of water; Ma= mass of air

Measurable factors Vb, Vs, Ms can be used to define physical properties to describe soil structure Particle Density- (compressed) mass of solids per unit volume of solids. P.D.=Ms/Vs (Mg/m3=g/cm3)

Factor: chemical composition & cystral structure of mineral. NOT affected by pore space, NOT related to particle size/ soil texture

Bulk Density- (in the field) mass per unit volume of the soil as it exists. B.D.=Ms/Vb Factor: more pore space, lower bulk density

Pore Space Ratio PSR= 1- (B.D./P.D.)

% Porosity= Vp/Vb x 100 or % Porosity= (1- B.D./P.D.) x100 A pore space of 50% is a reasonable porosity for many soils.

Effects of texture and structure on bulk density

A. Sandy soil  less porosity than well aggregated clay. lrg pores but low total porosity
B. Non-aggregated (no structure) clay soil lowest porosity &highest bulk density (may be in a subsoil that has not gone thru wetting and drying cycles)
C. Aggregated clay soil  highest porosity & lowest bulk density (rich in organic: Ah)
Management of soil physical properties

Organic matter content and soil management are vital factors in determining soil structure.

a) Soil compaction  increase B.D., decrease Porosity.
Causes: tillage of soil with heavy equipment, vehicular traffic in natural areas such as campgrounds, continual foot traffic along a pathway. The extent of structural damage to the soil is related to the total amount of traffic and the wetness of soil at the time of the traffic.

Effects: soil compaction is an important factor of soil degradation larger pore spaces are lost (increased bulk density & reduced porosity) movement of air and water are restricted  plant rooting is restricted  uptake of water and nutrients are restricted  increased runoff w. a result of increased erosion.

Topsoil (Ah) have much different structures than lower horizons (Bt & Ck). When Ah are removed thru actions such as construction or erosion, an exposed Bt will have higher bulk density and lower porosity b/c it contains very little organic matter to stabilize the structure. The structure will readily disintegrate  poor structure results in poor rooting space, poor drainage of water and poor aeration of root zone.

b) Engineering uses of soil: necessary to have compacted soil to support building foundations or road beds.
**sum: Phys conditions of soil relate to texture & structure. Structure is affected by organic matter content, biological activity, & uses of the soil (compaction). Structure can be altered by tillage & addition of organic matter. Alteration of soil structure alters total pore space (porosity) and indv pore size, movement of air and water in the soil are altered.

Water behavior in soil

Water is a fundamental requirement for the growth and survival of all living things. Precipitation & irrigation water

Adequacy of water & deteriorating water quality

In Ont we have not generally had a concern with lack of water. But in the western Prairies, water shortages for crop production are a constant threat. The “Dust Bowl” era of the 30s was a disastrous result of attempting to use land in an arid region for cultivated crops. Even Canada has a large amt of fresh water, we’re not immune

to regional water shortages.

Soil water: polarity; H-bonding; cohesion vs. adhesion; surface tension

Hydrologic cycle- solar E drives cycling of water from earth’s surface to atmosphere & back again.

All of the major processes in the hydrologic cycle involve the soil  precipitation, evaporation, percolation to the groundwater and runoff.

The soil zone is an important buffer in the hydrologic cycle. Water impacting on soil (rainfall) is retained against rapid runoff or rapid percolation downward by interactions in soil pores. Water held in soil is a reservoir for use by plants and soil organisms.

P(precipitation)= ET(evapotranspiration) + SS(soil storage) + D(discharge) In dense vegetation area, PET ~ET

Water: has low molecular weight, high boiling point, one of the only substances that can exist in gas, liquid and solid phases at normal atmospheric pressures and w/I the temperature range of living organisms.

The nature of water and its behavior in soil is related to its molecular structure. Polar nature  Hydrogen atoms are not equally spaced around the oxygen

Dipolar character of water permits a water molecule to form hydrogen bonds w. other water molecules and w. polar functional groups on surfaces of clay particles and soil organic matter (humus).

b/c of dipolar nature, water molecules are strongly attracted to ions in solution

Cohesion: attraction b/t water molecules. The surface tension of a drop of water on a surface that holds water in mounded form is the result of cohesion.

Adhesion: attraction b/t water molecules and surfaces

Capillary Rise: movement of water up a wick. Interaction of polar water molecules w. surfaces and w. other water molecules

Attraction of water to the glass surface  adhesion

Attraction of one water molecule to another  cohesion

Water is attracted to the mineral surface and other water molecules are attracted to the water on the mineral surface.

Height of capillary rise(h) depends on the size of indv pores and is related to the diameter of the pore(d): h=0.31/d

Soil water content- can be expressed on a mass basis, a volumetric basis or as a depth of water in a given depth of soil. Ms- mass of dry soil; Mw- mass of water contained in the core

1)Mass/ gravimetric water content of soil: θm=Mw/Ms (unitless) 2)Volumetric water content of soil: θv= Vw/Vb (unitless)

Water occupies 25% of total volume  volumetric water content θv is 0.25

Rainfall  measure water as a depth: overnight precipitation 12mm= depth of water added to the soil

3)Depth equivalents (dw) can be calculated from volumetric water content (θv) and the depth of soil (db) we

want to consider
Dw= θv db  (cm)

Energy relationship of soil water

Water runs downhill to a site of lower energy

Water moves up b/c of adhesion and cohesion rather than down due to gravity. Water moved up b/c the attractive force to the soil surface was greater than the gravitational force.

The energy status of soil water is important in 2 situations: (i) water movement; (ii) availability of water to plants

4 separate components of the total potential energy of soil water:

1. Matric potential ψm (the adhesive and cohesive forces that hold water to soil surfaces) the most important in unsaturated soil & for determining availability of water to plants
Component of the total potential that is attributed to the attraction of water molecules to the solid soil matrix. Free water moves spontaneously into dry soil and in so doing water loses energy

2. Gravitational potential ψg (the effect of the position of water in the earth’s gravitational field relative to reference state)
3. Pressure potential ψp (the pressure of a depth of free water in a saturated soil) always pos b/c its energy is greater than that of free water- water flow spont
Arises due to the pressure of overlying water

4. Osmotic (solute) potential ψo  (the effect of dissolved substances in the soil water)
]
Presence of solutes reduces ψo b/c a dipolar water mol is attracted to charged ions in solution
always neg
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Hydraulic potential or total water potential, ψh = ψg + ψm (above water table) or = ψg + ψp (below water table)

Hydraulic potential is equal to the total potential for all except saline soils where ψo may be of significance. In general we ignore osmotic potential in soil water movement

Matric potential is zero at water table, and that under equilibrium (no flow) it decreases (becomes more neg) with height above water table.

Matric potential only above; pressure potential only below

The reference or zero level for gravitational potential is set arbitrarily, often either at the water table, the soil surface, or wherever convenient.

Water potential expresses the ability of water to do work  have to supply energy to get free water back out of a dry soil.

In dry soil, water mol remain in small pores  thin water films  held more tightly by soil solids  Dry soil have

lower energy lvl than wet soil

3 ways of quantitatively expressing the soil water potential are:

1. Energy per unit mass (fundamental unit expression of potential)

2. Energy per unit volume (pressure)

3. Energy per unit weight (head)

Units: head units (cm or m water); pressure unit (bars)

1 bar= 10.2 m water = 1020 cm water = 105 Pa = 100 kPa  (Atm. Pressure as given on the radio/ TV is~100kPa)

Water availability in soil- directly related to matric potential (force that holds water in soil)

Immediately after a rain, soil is near saturation, but very quickly the largest pores drain as water is pulled downward by gravity.

At some point equilibrium is established. No more water is moving b/c of gravity, but soil is quite wet- only the

larger pores have emptied
the soil is at field capacity:the water content that soil can hold against gravity

~ -1/3 bar (-33kPa)

· Field capacity- water has moved out of macropores, & air has moved in to take its place (micropores still filled w. water). @field capacity, soil is holding the max amt of water useful to plants sufficient pore space is filled w. air good aeration.
The soil can continue to dry out as water evaporates from the surface or is taken up by plant roots. Water held in the largest pores is lost first water that is held by the least force.

As the soil dries out, the remaining water is held in smaller and smaller pores, with a stronger force than the water that has been lost. At some point in the drying of the soil, the water remaining is held so strongly that plants cannot extract it ( water in soil that is unavailable to plants ) wilting point ~ -15bar (-1500kPa)

As the soil dries out (θv decreases), the matric potential becomes more and more neg  water is held more strongly in smaller and smaller pores

Water relationships are different for soils of different textures (p78): well-structured clay soil had highest porosity  @ zero matric potential (saturated soil) the silty clay has a θv=0.6 (60% of the soil volume is water); in loamy sand at saturation, θv= 0.25. as the soils drain, the loamy sand drains very quickly.

@ wilting point, clay soil retains much more water than sand. Clay has more small pores that can hold water too firmly to be extracted by a plant (loamy sand drain more quickly than silty clay)


*Water available to plants is the water held b/t field capacity & the wilting point.

Water movement in soil (b/c diff in potential)

1. Unsaturated flow: Water moved up into the soil since dry soil had a very low matric potential. (air dry soil has very neg matric potential)
a. Leaching of pesticides by preferential flow (Matric potential gradient is driving force)

b. Infiltration & percolation (percolation- as water infiltrated the soil, water moves downward into the profile, rate of percolation is related to hydraulic conductivity)

2. Saturated flow: if a soil is saturated w. water accumulated on surface, water could move thru all soil pores. Water moves downward b/c of diff in gravitational potential.

a. All pores are filled w. water, larger continuous pores faster movement

b. Lower horizons of poorly drained soils are often saturated

c. During heavy rain & irrigation  upper zone saturated

d. The finer the texture is, the lower Ksat is

e. Gravitational potential difference is driving force
f. Factors: pore sizes (bigger pores faster) & preferential flow (uniform porosity  higher pollutions)

Hydraulic conductivity (k)- the rate at which water moves thru soil

a soil property that is highly dependent on the soil water content. Hydraulic conductivity is highest when the soil is saturated.

As the soil becomes less than saturated, larger pores first become filled w. air. As the water content decrease, the hydraulic conductivity decreases much more quickly.

The rate of water flow relates to porosity of soil & pore sizes  soils w. larger pores (sand) will have a higher

hydraulic conductivity

Range of saturated hydraulic conductivity in soils


	(k) m/s
	Soil characteristic
	Implications

	<10-7
	Fine-medium textured soil w.
	Poor drainage will restrict plant growth. Soils will frequently

	
	poor structure
	be saturated and develop reducing conditions (lack of O2)

	10-7 ~ 10-4
	Many soils of well aggregated
	Suitable for many plants including irrigated crops

	
	fine to medium texture
	

	>10-4
	Course textured soils
	Very rapid drainage. Low water holding capacity.

	
	
	Droughtiness may limit plant growth.


Hydraulic conductivity is an extremely important soil characteristic for many applications.

· Retaining water in a pond/ reservoir/ preventing leaching thru the base of sanitary landfill  want a soil w. very low hydraulic conductivity at the base of the pond/ landfill

· If wanted to disperse the liquid effluent thru underground tile lines, then want soils w. a favorable hydraulic conductivity

Water management

Water is managed in 2 ways: (i) irrigation to avoid water deficits; (ii) drainage to remove excess water A water budget can be used to illustrate the need for water management

Precipitation (P)- on a monthly basis

Potential Evapotranspiration (PET)- the amt that could be used by plants if there was always water available. ~How fast water vapor would be lost from a densely vegetated sys.

Actual Evapotranspiration (ETa)- the amt actually used on a monthly basis= PET if water is available, or =P if soil moisture has been used up

Evaporation (E)- water loss occurred directly from soil Transpiration (T)- from leaf surfaces after plant uptake

Deficit- shortage of water to meet PET Deficit= PET-Eta Can benefit from irrigation

Soil Moisture Recharge- rewetting of soil during periods of low Eta

Soil Moisture Utilization- amt of stored water withdrawn when PET>P. an average 100mm is assumed

Surplus- precipitation that is received at time periods when the soil is at field capacity and therefore is lost as runoff or percolation to ground water Surplus= P-Eta can benefit from tile rains

Soil texture and structure are imp factors in determining the need and layout of tile drains. Soils w. low hydraulic conductivity will most often be improved w. tile drainage.

Loamy sand has low water holding capacity  increase organic matter High deficit (PET>>ETa)  irrigation

Surplus (P>> ETa)  tile drainage

Well water (groundwater- water in saturated zone) is water that has percolated thru the surface soil. Most rural residents use well water as primary source of water.

We also use soil sys as a means of dispersing and cleaning up contaminated water. Effluent from septic

tanks that seep thru the soil will be filtered as it percolated downward

Compaction has effects on ψm, aeration, & root growth:

Soil compaction decreases amt of water that plants can take up Crushes macropores (lowers bulk density)

Clay particles force closer together, strength level limits roots penetration Decreases total pore space (less water is retained @ field capacity)

Less air in pore space when soil is near field capacity

More fine micropores  increase permanent wilting coeff’, lowers available water content

Soil as a reservoir of plant nutrients

17 essential elements for plant growth.

C.B HOPKiNS CaFe, Co.

Closed Monday Morning and Night

Cu Zn, the Mg

Except for C obtained from CO2 in atmosphere and H &O obtained from water, all of the essential elements are obtained from soil.

Chemical rxns are important in determining the availability of an element:

Exchange reactions on surfaces of colloids (clay & organic matter) and solubility of an element

Soil pH is linked to exchange rxn in soil

The general nutrient cycle

On a global scale, nutrients are not lost, but are cycled.

Nutrient content in a particular site can be altered by geological processes such as volcanic or glacial action or thru industrial processes such as mining of nutrients or industrial fixation of atmospheric nitrogen.

Canadian soils are young  less weathered and richer in essential plant nutrients

The most productive soils on the earth are ones that have had relatively recent geological disturbance

A specific site nutrients can be lost as they are transported away by harvesting, leaching, or erosion.

Soil can store & release nutrient  closely related to the nature of clay minerals and organic matter

i) The clay fraction of soil
Clay- mineral material that had a particle size smaller than 0.002mm in diameter. Has a large surface area b/c of its small size.

Clay falls in a mineralogical group- the layer silicates (crystal structure charged particles b/c attraction of opposite charged ions to the particle surface)

ii) The organic fraction of soils
Complex mixture of organic chemicals formed by microbial decomposition of plant and animal material. A dynamic fraction that can be altered on a much shorter time scale than the mineral fraction of soil

A result of the biological activity of organisms that inhabit the soil  Plants are raw material for production of soil organic matter. rate of decay~biological activity

The amt of organic matter in soil is a function of the input of OM and the rate of decomposition of OM

Initially OM increased to a stable plateau, then with cultivation and disruption of normal carbon cycle, OM levels have declined. In a short time a substantial portion of the OM that had accumulated over millennia has been lost.

OM is one of the key factors in determining many soil properties- phys & chem (soil properties can be modified by practices that alter OM content of the soil)

Charges in Clay and Organic Matter

As a result of their structures, the particles are charged--> ions are attracted to the particle surface.

Such ions are NOT part of the chemical structure of the clay/OM and can exchange places w. ions in the soil solution.

In clay minerals, charges originate b/c of imperfections in the crystal structure (Al3+ replaces Si4+ so pos ion is attracted to the surface) // Ionization of –OH group on surfaces.

Ionization depends on soil pH. The charge from these groups increases as pH increases.

In organic matter, several chemical groups ionize, which are also affected by soil pH with more negative sites developing as soil pH increases.

Under some situations of low soil pH, mineral surfaces can accept a proton (H+) and become positively

charged; But under most situations, the neg charge that attracts cations is the most imp.

Factors affecting decomposition:

Composition, & C/N ratio, & Particle size of residue; Soil temperature, moisture, & aeration *Why diff soils have diff amt of OM- diff rates of input & rates of decomposition

*Why cultivation leads to decrease in OM

- some residue are harvested; cultivation speeds up decomposition by increasing aeration of soil

Addition of organic waste affects soil properties

Soil structure, porosity, water holding capacity, C.E.C., plant nutrient (esp. N), biological activity

Cation exchange in soil

A clay or organic matter particle have neg charges associated with it, attracting cations. The cations on surface can be exchanged with cations in soil solution.

Cation Exchange Capacity- the total amt of cations held in an exchangeable form by electrostatic attraction to charges on clays and organic matter (cmolckg-1)

CEC is the # of pos charge that can be absorbed per unit mass  determined by relative amt of diff colloids

Clay soil CEC (more OM)> Sandy soil CEC Improving CEC Add lime to raise pH

Add organic matter/humus (green manure crops, pasture, slashing)

Less weathering intensity

Cation exchange rxn: soils w. only an exchangeable Ca2+ cation has a KCl fertilizer added to it (the clay/OM particle itself has not been altered)

Only a few kinds of cations are significant in soil [Ca2+, Mg2+, K+, Na+, H+, Al3+]

The relative proportions of the different cations is related to parent material, weathering, and management.

However, the proportion of exchangeable H+ & Al3+ are particularly important in establishing the pH of soil.

Soil pH

Difference of 1 unit represents a factor of 10 fold change in H+ concentration

As pH increases (less acid), the # of neg charges on colloids increases  increases C.E.C.

Processes that changes soil pH

i) Acidifying (several natural rxns in soils produce H+ ions—naturally acidify soils; some by human)

· Carbonic/ other organic acids

· Accumulation of organic matter

· Oxidation of nitrogen (nitrification produces H+)- use of ammonium-based fertilizer can be several times more severe than the effects of acid rain
· Oxidation of sulfur

· Plant uptake of cations

ii) Alkalizing
· Weatering of non-acid cations from minerals

· Accumulation of non-acid cations

· Production of base-producing anions (CO32- & HCO3-)

Natural Sources of H+ ion

1. Dissolution of carbon dioxide in water (forms weak acid pH=5.6)

2. Ionization of organic acids produced by microbial breakdown of OM (lrg amts of simple aliphatic & aromatic acids are produced during the decay of plant & animal residues)

3. Oxidation of NH4+ (autotrophic oxidation by microbial nitrifiers of ammonia)

4. Acid rain (dilute H2SO4 & HNO3 are components of acid rain)

Human-influenced acidification of soil

· Nitrogen fertilization (strong acids)  chemical fertilizers/ acid-forming organic materials

Management of soil pH (why?)

· to improve nutrient availability,

· to reduce toxicity of certain elements (strongly acid soils  Al/ Manganese toxicity),

· to reduce pathogenic activity of soil organisms

I) Raise pH in acidic soils
2 principal liming materials are used to raise soil pH: i) calcitic limestone containing CaCO3; ii) dolomitic limestone containing CaMg(CO3)2 exchangeable H+ or Al3+ are replaced by Ca2+ & Mg2+

Liming- common in humid regions to raise pH, provide conjugate bases of weak acids as CO32-, OH-, SiO32- to consume H+ (agri limes= CaO+H2O  Ca(OH)2)

High amount of limestone is needed to raise pH of clay b/c fine texture

AI) Lower pH in alkaline soils
Acidic organic material such as leaf litter, pine needles or peat moss can be mixed into soil to acidify the soil.

Soils that contain limestone are very well buffered and are very difficult to acidify.

If certain plants require acid soil conditions, they will be grown on selected acidic soils (add sulfur)  potato production in mildly acidic soil is important in suppressing scab forming organisms; since these are usually grown for ornamental reasons in small areas, extensive efforts are often made to prepare the acidic soil.

Colloidal fraction- clay & humus
extremely small size < 1μm,

lrg external surface area/ unit mass (1000x bigger than sand) internal surface area b/t layers

carry surface charges (mostly neg), attracts cations (+) 1)Humus= organic colloids (NOT mineral or crystalline)

· Small

· High capacity to absorb water

· No plasticity stickiness (unsuitable for building/ road)

· High amt of +/- charges (net charge is always neg)

· Surface charge –OH- dependent on Ph

2)Clay mineral=layered alumino-silicate, composed of O2 and cations arranged in layered sequences

Strength of absorption for commonly held cation: Al3+ >Sr2+>Ca2+>Mg2+>Cs+>K+=NH4+>Na+>Li+

Summary:

Properties of soil colloids- clay & OM, are fundamental to the behavior of nutrients in soils

Cationic nutrients such as K+ Ca2+ and NH4+ can be held onto charged surfaces as a supply of the nutrient in soil and as a protection against leaching of these ions.

Soil pH is determined largely by the relative proportions of exchangeable cations, H+ & Al3+ which are characteristic of acidic soils

Soil pH is important in solubility rxn for other plant nutrients and to the survival and function of soil organisms & plant roots.

For most situations, most desirable soil pH is 6-7

Major plant nutrients: Nitrogen (N), Phosphorus (P), and Potassium (K).

W/i an ecosys, the availability of nutrients is a major control on the growth of vegetation.

Fertility vs. productivity

Productivity of soils as measured by the amt of plant growth is a function of all the factors of plant growth:

1) Phys state of soils, 2)water relationships, 3)soil pH, 4)nutrient status (`fertility) of soil
Soil fertility- a good supply of nutrients in soil. It’s the factor of productivity that is most often managed b/c in many soils nutrient deficiency is the limiting factor in productivity of soil. A fertile soil that is well supplied with plant nutrients may NOT be productive if another factor is limiting

I.
Nitrogen behavior in soil **More likely to occur in soil organic matter than in mineral fraction

Nitrogen cycle: all nitrogen regardless of where it comes from will move thru the cycle by the same process.

FALSE: “nitrogen from manure is ‘better’ than from fertilizer”  the source is not important in uptake/processes

Soil conditions affect nitrification (requires NH4+ & O2): favored in well-drained soils.

Nitrogen cycle in 3 ways:

1) Transformations of nitrogen within the sys
About 95% of nitrogen in a soil is a component of soil organic matter or plant residue (not available)

Forms taken up by plants [NH4+ & NO3-]

Nitrogen becomes available when the OM is decomposed ( mineralized)  releasing NH4+by soil microbes

An important factor in the release of free NH4+ ions during mineralization is the C/N ratio of the residue being composed. (If the residue is rich in N (low C/N ratio), excess N is released as NH4+; If low in N (high C/N ratio, above 20/1), the organisms will use all the mineralized N for their own tissue (immobilize/

conserved) and little N will be released into the soil until the microbial population dies off.

Ammonium ions NH4+ produced during mineralization are oxidized by other organisms to NO2- and then to NO3- ions (organisms obtain energy from this oxidation)

Ammonium ions (NH4+) can be attracted to charged surfaces (cation exchange)

Nitrate ions (NO3-) can be reduced to N2 or N2O in anaerobic conditions (released in atm’).

Rxn in transformations of N in residue: mineralization, nitrification, immobilization, plant uptake, ammonium fixiation, denitrification, leaching

2) Additions of nitrogen to soil
Nitrogen can be added to soil:

4.a. As organic residues (manure or plant residues)  Not true additions, just recycling.

Misconception: manure can be used as a source of nutrients, in fact it’s only recycling.


4.b. By biological nitrogen fixation (extracts N from atmosphere). If there is nitrogen fixation, a specific ecosys will be enriched in nitrogen; if N supplies are inadequate, then N must be added in the form of fertilizer in which N from the atm’ has been converted industrially to a form available to

plants.

3) Losses of nitrogen from the sys

4.b.i)  Export of plant and animal products

4.b.ii)  Gaseous loss by denitrification by anaerobes [N2 N2O NO]

low O2 content in soil favors formation of N2,

very strong acidity inhibits rapid denitrification, favors formation of N2O)

4.b.iii) Erosion of clay and organic matter on which there is exchangeable NH4+ 4.b.iv) Leaching of nitrate NO3- to groundwater***

NO3- has neg charge not held by attraction to the soil particles, will move downward with water; groundwater high in NO3- can be a health hazard to infants & ruminant animals!

Excessive application of manure to soil leads to leaching of N into groundwater

NO3- Is a natural product of nitrogen cycle. The amt of NO3- in soil depends on the amt of input (source umimportant), and amt of plant uptake.

Nitrogen deficiency  Chlorosis (yellowing of leaf tissue): more likely to occur in soil organic matter than in mineral (clay)

AI. Phosphorus behavior in soil **Cannot involved in cation exchange
Phosphorus content of soil depends on: 1)parent material; 2)extent of weathering of soil

Phosphorus cycle: much simpler than the N-cycle

Plant uptake, return of residue, and mineralization are similar to the N-cycle rxns depend on conditions favoring biological activity

1. There’s no natural addition of phosphorus to an ecosys. If a soil is deficient in P, then P must be added in the form of fertilizer.
Phosphorus fertilizers are produced by treating mineral forms of phosphorus to increase the solubility of phosphorus. **Virtually all P to be used for fertilizer in Canada is imported from U.S./N. Africa.

Adding organic residues are only recycling P that has been removed from the soil  does not alleviate an absolute deficiency of a nutrient.

2. Formation of less soluble forms of phosphorus: phosphorus in less soluble forms may be slowly released as more soluble forms of P are taken up by plants. P is not lost from the soil, but large amt may be in forms that are not readily available to plants.
Soil pH is a major factor in the precipitation rxn and availability of P to plant.

P availability is one reason that acid soils are amended to a pH in the range of 6-7

Phosphorus deficiencies are common in many soils causes purple colorization in plants

b/c of 1)an absolute deficiency or 2)rxns that render soil phosphorus unavailable to plants.

Loss of P from soil are related to:

1)plant uptake, 2)harvesting, 3)erosion of soil materials away from the site.

Leaching of P is NOT a significant loss. P is readily reacted in soil  very little remains in the ionic state which

would be subject to leaching

Phosphorus problem in soil fertility

1. P content in soil is low

2. Unavailable for plant uptake

3. Soluble P added to soil will become insoluble Importance of P for plants: essential component of ATP, DNA, & RNA

BI. Potassium behavior in soil
Potassium content of soil is a direct reflection of the mineralogy of the parent material of the soil.

 
Behavior of K is much simpler than N & P

K can exist in plant residues as

1) K+ ions in solution,

2) an exchangeable ion on surfaces of clay and OM,

3) a non-exchangeable ion trapped in certain types of clay,

4) part of certain minerals such as feldspar or mica.

Like P, there’s no natural input of K into an ecosys. If there’s a deficiency of K, fertilizer K must be added. Loss of K is due to 1) harvesting of plant material; 2)erosion of soil from a site

K deficiency in plants: Easy to recognize. Most severe on oldest leaves (occurs the earliest) Tips/ edges of old leaves yellow chlorosis then die necrosis

Factors affecting K fixation in soils:

· pH: application of lime increases K+ fixation capacity,

· high Ca & Mg level reduce K+ uptake by plants

· alternating wetting/ drying, or freezing/ thawing enhance K fixation

K is very plentiful as a mineral resource in Canada (major deposits in Saskatchewan)

Very sandy soils with low C.E.C. are poorly buffered wrt K+ such soils have little capacity to maintain K conc as plants removes dissolved K from soil solution. In soils with higher C.E.C., initial conc of K may be lower but the soil is capable of maintaining constant supply of solution K

Fertilizer use calculations!!! P112

Important to know the requirements for a particular plant and the state of the soil.

Most reliable way of establishing nutrient requirements is thru proper soil testing  on a commercial basis,

certified by provincial ministry of agriculture

Fertilizer analysis: N-P-K

5-20-10
5% by weight water soluble elemental N

20% by weight available P2O5 (citrate soluble)

10% by weight water soluble K2O

%P = %P2O5 x [(31X2)/(31x2 +16x5)]

Difference in using manure or a nitrogen fertilizer to amend a soil that has an absolute deficiency of N?

· Manure-N is less readily available b/c it has to be mineralized first

· Fertilizer-N is more readily available

· But very little difference, both provide N to soil regardless of source

Soil degradation and environmental quality

Whenever soils are used/disturbed there is potential for degradation of soil  surface & groundwater will be affected.

Structural degradation:

A change in one soil characteristic (OM) renders the soil more susceptible to a variety of degradative forces

Organic matter content changes with soil sue. Any soil disturbance (e.g. cultivation) that alters normal plant growth and carbon cycling will alter the OM content of soil. If the OM content of soil decreases,

1) Soil structure will be less stable  more readily compacted leading to unfavorable conditions for plant growth.
2) Soil structure disintegrates and detached particles are more susceptible to the erosive forces of wind and water. Soil erosion accelerated erosion as a result of soil use

Grand Canyon & Niagara Escarpment & Niagara Gorge are examples of extensive erosion over extended periods of time.

Geological vs. accelerated erosion

1. Geological erosion: take place naturally (not human influence), transform soil into sediment.

2. Human activity-accelerated erosion:

1) overgrazing livestock,

2) deforestation for agricultural use,

3) plowing hillsides,



4) tearing up lands for construction

USLE: A= R x K x LS x C x P (rain-related, soil-related, land management factors)

Erosion leads to pollution of surface water with sediment and nutrients from enriched Ap horizons.

Near urban centers, erosion on construction sites or land left bare prior to development are major potential sources of sediment that can be deposited into surface waterways.

I. Water erosion
Factors: intensity & duration of rainfall, soil conditions (stability of structure), slope & length of slope, crop/ residue cover, cultural practices

Can be very damaging even on relatively gentle slope if:

1) the soil is bare, 2) the soil structure is not stable, and 3) no precautions are taken

e.g. long slope that has no crop cover can be damaged by intensive rainfall; When gullies are formed, the entire Ap horizon has been lost and a smaller gully is cutting into the B horizon; Loss of topsoil affects tile drainage

Often the ultimate deposition of the sediment is away from the site of erosion.

Deposited sediment has very poor structure and could move again in the next storm. Poor phys condition of the sediment is a detriment to vegetation

Sediment can be transported off the field and fill a ditch

Erosion is a direct result of nutrient enriched sediment being washed into a lake  algae growth

To protect soil from water erosion:

1) Grassed waterways: to protect soil as water drains from a site or to trap sediment that is removed from adjacent slope

2) Across slope cropping: shortens the length of the slope to reduce runoff water velocity and to trap sediment in the strips.

3) Engineering structures in drainage ditches reduce water velocity or provide erosion resistant drops to dissipate the energy of the moving water
AI. Wind erosion
Factors: wind speed, soil conditions (structure stability), residue cover If wind speed is high enough, soil particles can be entrained and moved.

e.g. snowbank heavily contaminated with windblown sediment. If soil is not snow covered and dries out then it can be seriously affected by wind during winter; wind formed drift of sediment on lee side of a hill.

Even small amounts of plant debris can serve to trap the sediment.

In both wind and water erosion, protection of the soil surface with plant residue and stability of soil structure are important in controlling the extent of erosion.

Damage to the resource will lower land resource productivity & contaminate water resources.

Other forms of soil degradation

1. Acidification
2. Salinity: usually a problem in arid soils and usually intensified by irrigation (salt in irrigation water can accumulate in soil, but in humid region net leaching would remove soluble salts from soil)
3. Desertification- destruction of soil as a productive resource. also usually an arid region problem b/c of overuse (over grazing by livestock)
Nutrient contamination

Plant nutrients from soil ecosys can be hazardous if transported into aquatic systems  P & N

1. P is not highly soluble and does not leach downward easily, but can be transported with solid soil particles if the particles are moved severe algae growth in surface waters (surface water eutrophication) P is a limiting nutrient for algae growth

2. N can be moved with soil sediments, or easily leached to groundwater in soluble nitrate form (NO3-). Sources is unimportant: Fertilizer-N or Manure-N can lead to nitrate movement to groundwater in applied in excess. (*poor management of manure disposal*; in areas of intensive livestock operations; septic tank systems and excessive fertilizer use on gardens and lawns also threaten water supplies)

Soil as a means of disposal

Soil organisms are the key factor in the cycling of carbon and nitrogen. If we work w/I the limits of soil ecosys, it is

possible to use soil as a disposal site for certain kinds of waste material.

1. Cycling of organic waste that occurs naturally (biological activity is important in developing soil structure)

2. Manure use on land disposes of an obnoxious waste, also beneficial in recycling the nutrient supply of the soil and in the phys aspect of soil structure. **But excessive disposal of manure can lead to nitrate pollution of the groundwater.

3. Sewage sludge is often spread on land But may contain elevated levels of certain metals from industrial processes.

4. Landfills are used to dispose of municipal waste  leaching of pollutant to groundwater

***Human activity that degrades soil, or overloads it with waste may exceed the capacity of the soil as an ecosys

Major concerns of waste disposal to soil:

1. Transport of waste/ decomposition products to groundwater

2. Erosion of waste into surface water

3. Introduction of materials that can be taken up by plants (heavy metals)

Land as a resource

Canada ranks second in total land area, but not much of the land area has potential for productivity. Large areas have climatic, topographical and soil limitations.

The amt of useable land, its quality, location and potential for various uses are important factors in how we regard land as a resource.

5 purposes of land use: agri, housing, industrial sites, transportation or recreational facilities  conflicts

Canada Land Inventory

- a program to describe the potential for agriculture, forestry, wildlife-waterfowl, wildlife-ungulates and outdoor recreation. The CLI was established to relate soil, landscape, and climatic qualities and characteristics to some defined use on the basis of their suitability for that use.

Capability of land for each of the 5 potential uses is indicated on a scale of 7 classes. Class 1 has the highest capability and class 7 the lowest.

Aim:

(i) To simplify soil maps and express their content in terms of land potential

(ii) To form the basis for land use planning

Capability classification is an interpretive classification based on the combined effects of climate and soil characteristics. Soils within a capability class are similar wrt the degree but NOT the kinds of limitations. Each class contains many different kinds of soil that require different soil management.

Subclasses are used to describe the limiting factors (13 subclasses for agri, 15 for forestry, 9 for ungulates, 10 for wildfowl and 25 for recreation)

Soil capability classification for agriculture

It assumes that good soil management practices are feasible and that poor drainage, high stone content and need for irrigation are not limitations, provided improvement is economically feasible. Distance to market, kinds of roads, location, size of farms, etc, are not criteria considered for capability groupings.

Class 1- has no significant limitations that restrict their use for crops

Occur on level to gently undulating topography, are well to moderately well-drained, have good water holding capacity and a more than average reserve of plant nutrients.

Class 2- moderate limitations that reduce the choice of crops or require moderate conservation practices

Require some deg of soil management. Limitations may include sloping topography, slight damage from erosion, stoniness, moderate water holding capacity and less than ideal inherent soil fertility. Moderately high to high productivity for a fairly wide range of crops.

Class 3- moderately severe limitations that restrict the choice of crops or require special conservation practices

Rough topography, shallowness, stoniness, poor structure, imperfect drainage, frequent inundation and only moderate inherent fertility. May affect the ease of tillage, planting and harvesting, the choice of crops. Moderately high in productivity for a restricted range of crops

Class 4- severe limitations that restrict the choice of crops, require special conservation practices and/or very careful management

Class 5- unsuited to cultivation except perennial forage crops and are responsive to improved practices

Unsuited for production of field crops. Suited to improved grass and legume pasture. Improvements may include cultivation, seeding, liming, fertilization and water control

Class 6- unsuited to cultivation but can be used for unimproved permanent pasture

Have some natural sustained capacity for grazing animals but make improvement practices unfeasible

Class 7- unsuited for agriculture

Each of these classes except for class 1 can have a subclass indicator added to show the major limitations.

CLI subclasses for agriculture:

C- adverse climate D- poor soil structure E- erosion

F- low fertility I-Inundation by streams M- droughtiness

N- salinity P- stoniness

R- shallow depth to bedrock T- topography

W- excess water

S- two or more subclasses combined

X- cumulative limitations (but each limitation is not considered serious enough to affect rating)

Sandy soil low in OM has limitations of moisture and fertility.

Sandy soils do not hold large amt of water and therefore plants are often subjected to moisture stress. Sand is not high in nutrients and if OM is also low, the soil would be low in fertility.

Distribution of agricultural land classes in Canada

Only 13.4% of the entire area of Canada has some potential for agriculture (class 1-6)

Only 4.98% of Canada’s total land area does not have severe limitations for crop growth (class 1-3) Only 0.45% of Canada’s total land area has no significant limitations for agriculture (class 1)

Distribution b/t provinces:

~ 50% of class 1 land is in Ontario (in a narrow strip along the north shores of Lakes Erie, Ontario, and St. Lawrence river, also highly populated and the center of Canada’s industrial development), B.C. only 1.6% of the

class 1. Prairie provinces cover 70% class 1-3.

The other capability classifications for forestry, recreation and wildlife-waterfowl and ungulates are in the same format as the capability for agriculture.

Resource concepts:

1. Land as a stock resource: we start with a certain amt of the resource and slowly use it up (non-renewable, e.g. oil). If land is converted to housing or industrial land, then it is lost forever to agriculture

2. Renewable/ flow resource: can be regenerated over time thru natural processes. Land (soil) is regenerated as nutrients and OM are recycled back into the soil. As long as the rate of use (or degradation of soil) does not exceed the rate of regeneration, soil can be used indefinitely.

Carrying capacity of a flow resource is that rate of use that can be maintained over time. When the carrying capacity of an ecosys is exceeded, we are no longer using the resource as a flow resource.

Time horizon

Long term use of resource should follow line A,

If limited time horizon  want to maximize your return in a shorter term should follow line B (carrying capacity is exceeded for a period)

If not concerned with the longer time horizon, would be better to get the max returns in a shorter time horizon. Factors of land use/ management: economic time frame of the user of the resource. Age of the landowner,

debt load, future family involvement may all play a part.

Ownership concepts

Common property resources: “common heritage of humanity”. E.g. open seas, polarregions and space No control over the use of them  over-exploitation (e.g. over fishing)

Publicly owned resources: land degradation occurred with clearcut logging methods; Public rangelands. Privately owned resources: Unlimited rights to the landowner  may not be universally acceptable Privately owned, publicly regulated resources: in Ontario, land use is regulated by official plans for each community. To change a land use requires action by the local gov by amendments to the official plan and the approval of zoning bylaws. Decisions of zoning agricultural lands into gravel extraction, waste disposal sites, industrial or residential development often involve many others in the community than the landowner.

