FUNDAMENTALS OF SOIL SCIENCE

16. SOIL pH
A. SOIL pH

Is measure by electronic meter or organic dyes that vary in color dependent on pH.

b. factors affecting soil pH

· Carbonate contents in soils, most prominent carbonate is CaCO3+HOH.
· Leaching status in soils:

· At pH=7
BS=85%

· At pH=5.5
BS=50%

· Environmental inputs like the acid rain.

c. significance of soil pH

Nutrient availability and pH relationships

· As raise pH generally increase N, P, K, S, Ca, Mg and Mo.

· Decrease availability of Fe, Mn, Cu and Zn.

· Optimum pH near 6.5 for nutrient availability.

Effect of pH on soil organisms

· Can control disease organisms by controlling soil pH.

· Control of nitrogen mineralization.
Al and Mn toxicity in acidic soils

· Fe and Al solubility increase below pH 5.5.

· Mn highest solubility around 4.5.

pH preference of plants

· Most field and vegetable crops prefer pH>=6.0.

· Plants that require low pH: blueberry, cranberry, and so on.

· Species have evolved for all natural soils (pH 4-8.5 in Mi).

d. alteration of soil pH

Two approaches to assure plants will grow under given conditions

· Select plants that will thrive under the conditions.

· Alter pH.

pH alteration

· Reduce pH by adding sulphur.

· Increase pH by adding lime (eg.CaCO3).

Benefits and adverse effects

Benefits:

· Increase nutrient availability.

· Increase Ca and Mg availability.

· Increase biological N fixation.

Adverse:

· Decrease Fe, Zn and Mn availability.
· Increase Mo to toxic levels.

Lime requirement

Dependent on CEC. Soils with the largest CEC offer the greatest resistance to change in pH and are the most strongly buffered.

Soil test to determine lime requirement

You need to determine reserve acidity, and use a buffer solution mixed with a known quantity of soil.

Forms of lime
	
	Mol wt
	Neutralizing value

	CaCO3
	100 g
	100%

	MgCO3
	84 g(100/84)
	119%

	CaO
	56 g
	178%

	Ca(OH)2
	74 g
	135%


Neutralizing value, is the ability of other materials to neutralize acidity on the basis that CaCO3=100%.

Limestone particle-size

· The finer the limestone the more rapidly it will dissolve.

· To fine it is difficult to handle and dissolves quickly, to coarse and does not work quickly enough.

· Want medium fineness (25-50% passing 100 mesh screen) must apply evenly and mix if possible.

e. soil acidity and alkalinity

Soil pH

pH is a measurement of acidity or alkalinity and is defined as the negative logarithm of the hydrogen ion activity, where the hydrogen ion activity is measured as moles or grams per liter.
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Water molecule

As the concentration of H+ increases, pH decreases or becomes more acidic.
As the concentration of OH- increases, pH increases or becomes more alkaline.
At a pH of 7.0, the concentration of H+ and OH- are equal.
Changing the pH by 1 unit results in a change in the concentration of H+ and OH- by a factor of 10.
Common reactions

A typical reaction that takes place in the soil involves ammonia (NH3) and water. In the soil, ammonia reacts with water to form ammonium (NH4+) with hydroxyl as a byproduct.
This reaction increases the OH- concentration of the soil solution, thus increasing the soil pH.

NH3 + H20 = NH4+ + OH-
Alkalinity

Any process or reaction that contributes OH- or that consumes or removes H+ from the soil solution contributes to soil alkalinity.
The hydolysis of sodium carbonate:

Na2CO3 + H20 = 2 Na+ + HCO3 + OH-
The hydolysis of calcium carbonate:

CaCO3 + H20 = Ca+2 + HCO3- + OH-
The weathering by hydrolysis of soil minerals:

3 CaAl2Si2O8 + 6 H20 = 2 HAl4Si6O10(OH)2 + 3 Ca+2 + OH-
The application of anhydrous ammonia:
NH3 + H20 = NH4+ + OH-
Neutrality

Any reaction that contributes equal amounts of H+ and OH- tends to produce soils with a neutral reaction. This is a common reaction that occurs with the application of potassium fertilizer.

KCl + H20 = K+ + OH- + H+ + Cl-
Acidity

Any process or reaction that contributes protons or H+ or removes OH- from the soil solution contributes to soil acidity.
Root and microbial respiration produce CO2 and are common reactions in the soil that contribute H+ to the soil solution.

CO2 + H20 = HCO3- + H+
Also, the dissolution of atmospheric carbon dioxide into precipitation causes normal rain to have a pH of 5.65 and results in adding H+ to the soil.
A common reaction in aerated soils is nitrification:


NH4+ + 1.5 O2 = NO2- + H2O + 2 H+




NO2 + 0.5 O2 = NO3-
The hydrolysis of aluminum:




Al3+ + H2O = Al(OH)2 + H+



    Al(OH)2 + 2 H2O = Al(OH)3 + 2 H+
The oxidation of sulfur:

S2- + 1.5 O2 + H2O = 2 H+ + SO4-2
Determining pH

For a quick analysis of pH, an indicator dye is used.
Indicator dye

The indicator dye solution reacts with the H+ ions in the soil solution and changes color.
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pH meter

A more accurate method for determining soil pH is the pH meter.
To determine soil pH with a pH meter, one part of soil is mixed with two parts of distilled water or a neutral salt solution.

pH continuum
The actual pH of any soil sample or soil horizon is the net result of the effects of the soil forming factors and soil management practices.
Soil pH commonly ranges from a high of pH 10 to a low of pH 4 or less.
In general, soils in the arid regions tend to be neutral or alkaline and soils in the humid regions tend to be acid.
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Alkaline soils

Soils with a pH in the range of 8.5 to 10 and contain 15% or more Na+ are considered sodic soils.
Soils with a pH in the range of 7 to 8.3 and contain less than 15% Na+ are considered calcareous soils.
Neutral soils

A soil is considered to be neutral if the pH is 7.0 or in the range of 6.6 to 7.3.
The cation exchange sites in soils are essentially 100% saturated with base cations; Ca+2, Mg+2, K+, and Na+.
Acid soils

Soils in the pH range of 6.5 to 5.5 are considered to be slightly or moderately acid.
The pH in these soils is controlled by the hydroxy-Al hydrolysis.
Soils in the pH range of 5.0 to 5.4 are considered to be strongly or very strongly acid soils.
At a pH of 5.0, soils are about 100% Al+3 saturated and the pH in these soils is controlled by exchangeable Al hydrolysis.
Soils in the pH range of 4.0 to 2.0 are considered excessively acid.
pH profile

As the carbonates are leached out of the soil by the downward movement of water, the soil becomes less alkaline.
With increased leaching, the surface of the soil takes on an acidic nature and the rate of mineral weathering and the translocation of colloids increases.
With an acid leaching and weathering environment, the depth of soil leaching increases.
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Significance of pH
The maximum availability of nutrients in mineral soils occurs near a pH of 6.5.
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In general, the availability of macronutrients increases as pH increases and decreases in availability as the pH decreases.
The availability of micronutrients (except molybdenum) increases as the pH decreases and decreases as the pH increases.
The maximum availability of nutrients in organic soils occurs near a pH of 5.5, due to the influence of the organic acids on the availability of nutrients.
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Calculations
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f. soil salinity and plant growth

Saline soil

A saline soil is a soil that contains sufficient soluble salt to impair it's productivity for plant growth.
Salt tends to accumulation in these soils due, primarily to insufficient water movement through the soil profile to leach out the excess salts.
Saline soils are not common in humid regions and tend to exist in areas where there is little or no precipitation, such as arid and semiarid climates.
Source of salt
The direct source of soluble salt constituents in soils comes from the weathering of minerals such as feldspar, calcite, dolomite, and biotite which release the ions: Na+, Ca+2, Mg+2, K+, Cl-, SO4-, and HCO3-

These ions combine to form chloride, sulfate, and carbonate salts that are soluble.
Fertilizers are mainly in the form of soluble salts.

We can determine the effect a given fertilizer material will have on increasing soil salinity by checking it's salt index.
Salt index

The salt index of a fertilizer material is a comparison between the effect a fertilizer has on increasing the soil osmotic pressure to that of sodium chloride (common table salt).
	Material
	Analysis
	Salt Index

	Table salt, NaCl
	---
	100

	Potash, KCl
	0-0-60
	116

	Ammonium nitrate
	35-0-0
	105

	Sodium nitrate
	17-0-0
	103

	Urea
	46-0-0
	75

	Diammonium phosphate
	21-53-0
	34

	Superphosphate
	0-20-0
	8


Effect of salinity

Soil salinity affects plant growth due to the high concentration of ions in solution, such as sodium, which may be toxic to some plants, and a decrease in water availability which is due mainly to an increased osmotic potential.
The dissolved ions from the soluble salts attract the dipolar water molecules and reduce the free energy or potential of the water.

Therefore, as salinity increases, the amount of water available in the soil for plant growth decreases.
Salt symptoms

Soluble salt injury on plants generally appears as wilting and both discoloration (yellowing) and death of tissue along the outer leaf margins of the older leaves.
A saline soil may appear to be visibly wet, but to a plant, it is a physiological desert.
Conductivity
The method most commonly used to determine soil salinity is to measure the electrical conductivity of a soil suspension.
The higher the concentration of salts in the solution, the greater the conductivity.

Lab analysis

The electrical conductivity of a soil is measured with an instrument called a Sol-U-Bridge.

The electrical conductivity (EC) of the supernatant liquid is measure in decisiemens per meter (dS/m).
An electrical conductivity reading of 1 dS/m, respresents a salt concentration of 640 ppm.
Salt management

To control the salt balance of a soil, an additional amount of irrigation water must be applied to leach out the soluble salts.
Additional irrigation water that must be applied to a soil to remove excess salt is called the leaching requirement (LR).
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