SOIL ACIDITY AND ADJUSTING SOIL pH

LABORATORY EXERCISE # 9
OBJECTIVES

· Understand the origin of soil acidity.

· Measure soil pH using a pH meter.

·  State the relationship between cation exchange capacity and:

a) buffering capacity

b) exchangeable acidity.

·  Know the reasons for liming and the factors affecting lime requirement.

· Understand the effects of lime quality, quantity, and size.

· Be able to answer all the Study Questions at the end of this laboratory exercise.

INTRODUCTION SOIL, pH
Soil acidity is largely controlled by the cations occupying exchange sites on the clay colloids. These cations can be of two types: acidic and basic. The acid forming cations are H+ and A13+ while the remaining cations are basic. All exchangeable cations on the colloids are in equilibrium with the soil solution (water in the soil). The types of cations on the colloid therefore influence the composition of the soil solution. The acid cations (H and Al') on the colloid are called the exchangeable acidity. These cations control the level of acidity in the soil solution. This is important because soil pH ONLY MEASURES THE ACTIVE ACIDITY IN THE SOIL SOLUTION. A soil is acid when H+ ions dominate in the soil solution. The degree of acidity is expressed as the soil pH. The pH is defined as the negative log of the hydrogen ion concentration. The degree of acidity and alkalinity is determined by the relative amounts of H+ and OH- in the soil solution.

A solution is acidic if it contains a large number of hydrogen ions. If a solution contains more H+ than pure water, the solution is said to be acidic and if it contains less H+ than pure water it is said to be basic. The amount of H+ present in a solution is expressed as the 

pH of the solution. The more If that is present the more acidic the solution is and the lower the pH. Any pH less than 7 is considered to be acidic. Any pH above 7 is considered basic or alkaline. A chemical compound is acid forming if it increases the amount of H+ in solution and it is a base if it decreases the amount of H+ in solution.

The pH of the soil solution is important for a number of reasons. The chemical behavior of organic matter is greatly influenced by soil pH. As soil pH increases (soil becomes less acidic) the amount of negative charge on the organic matter increases resulting in an increase in cation exchange capacity. Soil pH has an effect on the availability of plant nutrients. Some nutrients are more available to plants at certain soil pH levels. Figure 1 shows the relationship between soil pH and nutrient availability. 

The total acidity of soils is composed of two parts. One part is known as (5) acidity. This is composed of the H+ ions in the soil solution and is what is measured when the pH of a soil is determined. The other part, which is usually much
larger,
is called (6)acidity. The exchangeable acidity is due to the A13+ and H+ ions which are adsorbed on the soil colloids. The pH is only a measure of the active acidity. It tells us nothing of the exchangeable acidity. Figure 2 shows this relationship.

When attempting to change soil acidity you must neutralize both the active acidity (what pH measures) and the exchangeable acidity. Remember that pH is only a measure of the active acidity (H ions in the soil solution). It tells us nothing about the exchangeable acidity or the A13+ in the soil solution.

LIMING

Controlling soil pH is vital to optimum of soils. In the case of acid soils (most of North Carolina's soils) the addition of lime is the most effective and practical way to raise the soil pH and increase soil productivity. Lime is defined as any calcium or magnesium containing material that can be added to the soil to neutralize H+ and A13+ and increase the soil pH. To increase soil pH it is necessary to neutralize H+ (active acidity) from the soil solution and the aluminum (reserve acidity) on the soil colloids. Figure 3 shows these general reactions.
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FACTORS INFLUENCING LIME REQUIREMENT

Several factors control the action of lime in soils and thus influence the amount and type of lime required to change soil acidity. The following list summarizes the factors that should be considered in decisions regarding liming of soils:

I. CROP REQUIREMENT: THE influence of acidity on crop growth is related to nutrient availability. Some crops (alfalfa, sweet clover) require more calcium than others. Some (azaleas, cranberries, blueberries) require more iron. Since the availability of these and other nutrients is related to pH, pH measurements, can be used to predict availability of some nutrients.

2. TYPE, SIZE, AND PURITY OF LIME: It takes time for lime to dissolve and replace hydrogen or aluminum-on the soil exchange positions. Small particles dissolve faster and neutralize acidity sooner than larger particles. State law controls how small lime particles must be for the lime to be sold in North Carolina. Most lime sold in North Carolina contains CaCO3 and MgCO3 (dolomitic limestone) although some may contain only CaCO3 (calcitic limestone). Dolomitic limestone is usually preferable because is supplies the secondary plant nutrient magnesium (Mg). Different types of liming materials will have different neutralizing powers. In addition, most lime materials generally contain some impurities (dirt). As a result, some limes are more effective than others at neutralizing acid. The measure of a limes ability to neutralize acidity is known as the neutralizing value.
The neutralizing value is based on pure CaCO3 which has a value of 100%. Agricultural limes are often contaminated with soil so their neutralizing value is often less than 100%. Materials such as CaO and Ca (OH)2 have a greater ability to neutralize acidity than CaCO3 so they have a neutralizing value greater than 100%. Since the soil-testing laboratory does not know the neutralizing value of the liming material a grower will use, it makes a liming recommendation based on a standard neutralizing value. Some laboratories use a value of 100%, but the North Carolina Department of Agricultural, Agronomic Division Soil Testing Laboratory uses a value of 90% because most agricultural liming materials (carbonates) are not pure. The soil test report contains the lime requirement for a specific field and crop. If a grower uses a material with a neutralizing value different than 90%, he/she must make adjustments to the recommended lime rate.

3. CATION EXCHANGE CAPACITY (CEC): SOILS having the same pH may require different amounts of lime if their CEC or buffering capacity differs. The greater the CEC the greater the buffering capacity and the more liming material that will have to be added to raise the pH.

4. pH OF THE SOIL: THIS is governed by the base saturation of a soil. if other factors are constant, the lower the pH, the greater the amount of lime that is necessary to raise the pH to the desired level.

5. DEPTH OF PLOWING: ARE you plowing 6 inches of soil or 9 inches of soil? Remember that an Acre-furrow-slice is one acre of soil plowed six inches deep and weighs approximately 2,000,000 lbs. If you are plowing 9 inches deep you are dealing with approximately 3,000,000 lbs of soil.

6. COST BENEFIT: Is it worth the money? If you can't get the cost of the lime and application back out of increased yields, you should not lime. That is why you should base your lime applications on a soil test report. Don't guess about the amount of lime you need! Lime is usually one of the cheapest and best materials you can add to your soil. Many plant growth problems can be helped by the addition of lime to the soil.

LABORATORY ACTIVITY  1
DETERMINING SOIL pH WITH pH METER

The pH meter measures the H+ ion concentration in the soil solution. These meters are easier to use and more precise than dyes when many samples are to be tested.

1.     Weigh10g of oil into a 100 ml beaker.

2. Add 20 ml of distilled water and stir

3. 
Allow to stand for 5 minutes with occasional stirring.

4. Carefully place electrode in suspension and read pH (while stirring).

5. Record the soil pH in the table below.

	 
	Soil Description
	pH

	Soil 1
	Sand
	4.5

	Soil 2
	Silt 
	5.25

	Soil 3
	Clay
	5.3


DETERMINATION OF LIME REQUIREMENT

In the opening discussion you learned that several factors will influence the amount of lime required. The measured soil pH that determines the active acidity indicates the need for lime. The amount of lime necessary to adjust the pH to optimum is determined by the exchangeable acidity.

To determine the exchangeable acidity a buffer solution of known pH is added to the soil. This buffer solution contains cations that will replace H+ and A13+ on the exchange complex.

The acidic cations removed from the exchange sites lowers the pH reading of the added buffer. Table 1 relates the soil-buffer pH reading to the exchangeable acidity (Ac) value. Use the following formula and Table 1 to calculate the lime requirement. This is the same procedure the North Carolina Department of Agriculture, Agronomic Division, Soil Testing Laboratory uses.

Lime Requirement (tons/acre


Ac x (pH Desired - Soil pH) (6.6 - Soil pH)

EXAMPLE:

Your soil has a pH of 5.0 and a soil buffer pH of 5.3. You want to raise the soil pH to 6.0. How much 90% pure lime must you add per acre?

From Table 1, exchangeable acidity is equal to 5.2. The lime requirement per acre is then equal to :

Lime Requirement (tons/acre)= 5.2 x (6.0 - 5.0)/ (6.6 - 5.0)

Lime Requirement (tons/acre) = 5.2 x 0.625 = 3.25 (tons 90% lime/acre)

How much lime must be applied .per acre to meet this requirement if the lime had a neutralizing value of 63%?

Lime Requirement (tons/acre) x 90% neutralizing value     = Adjusted Rate (tons/acre)
                                                      X% neutralizing value

3.25 (tons 90% lime/acre) x 90% neutralizing value = 4.64 (tons 63% lime/acre)

                                               63% neutralizing value
PRACTICE PROBLEM:

Assume you have a soil pH of 5.2 and want to raise the pH to 6.5. The buffered pH is 5.5. How much pure lime per acre are you going to have to add to raise the pH from 5.2 to 6.5?


        LABORATORY ACTIVITY  DETERMINING LIME REQUIREMENT

Add 20 ml of buffer solution to the soil-water mixture from part 2 that has a pH of 6.4 or lower.

   Stir often for 20 minutes, then read the pH of the soil-buffer solution on the pH meter. Use Table 1 to determine the lime requirement. Enter the results on the data sheet.
	 
	Soil Description
	Soil Buffer pH
	Lime Requirement

	Soil 1
	Sand
	5.92
	 

	Soil 2
	Silt 
	6.25
	 

	Soil 3
	Clay
	6.12
	 


Soil 1:

Soil 2:

Soil 3:

LABORATORY ACTIVITY(PART 3)
EVALUATION OF LIMING MATERIALS

Some of the important factors in the liming of soils are the type of liming material available, the particle size or fineness of the material, and the materials neutralizing power. This exercise will assess these factors by determining the change in soil pH after addition of various sources of liming materials.

TREATMENTS

1. Pure CaCO3
2. CaO

3. CaSOa

4. Dolomitic limestone (< 100 mesh)

5. Peletized lime

6. Control (no treatment)

· Weigh 50 g of air-dry soil into a small glass jar.

· Carefully weigh 0.5 g of designated liming material onto weighing paper.

· Add liming material to soil and mix thoroughly to distribute evenly in soil.

· Slowly mix in 10-15 ml of water into the jar, distributing it as uniformly as possible. Soil should be moist but not saturated.

· Place lid on jar and label completely with name, lab section, and liming material used.

· Allow to incubate for l week.

· After incubation weigh out 10 g of soil and add 10 ml of distilled water. Stir and let stand for 10 minutes.

· Stir again and measure pH with meter.

· Enter results on data sheet and on the chalkboard. Be sure to receive a summary of all treatments.

· Answer the questions on the data sheet. Turn the data sheet in to the lab instructor when completed.

	Treatment
	Soil pH

	CaCO3
	6.65

	CaO
	8.33

	CaSO4
	4.56

	Dolomitic Limestone (<100 mesh)
	6.86

	Peletized Lime
	6.55

	Control (no lime)
	4.83


STUDY QUESTIONS

1. How does lime correct soil acidity?

2. What factors affect the actions of lime in the soil?

3. Define "liming material"?

4. What factors should be considered when determining the amount of lime to apply?

5. Define neutralizing value.

6. Distinguish between exchangeable acidity and active acidity. Which is greater?

7. Define pH. What does pH measure?

8. How does pH affect nutrient availability?




The relationship between soil pH and�relative plant nutrient availability (the�wider the bar, the greater is the�availability). Above: Organic soils�(fibric, -hemic, and sapric soils,�previously called peats and mucks). Note�that the pH for greatest availability for�most nutrients in organic soils is about�5.5. Below: Mineral soils. Note that the�pH for greatest availability for the most�nutrients is at about 6.5, which is one�pH unit higher than for organic soils.�Where elements are shown interlocking,�those two elements at that pH combine�to form insoluble compounds, reducing�phosphate solubility. (Source: Above,�R. E. Lucas and J. F. Davis, Dept. of�Crop and Soil Sciences, Michigan State�University; Below, Soils Handbook,�Kentucky Agr. Exp. Sta., Misc. 383,�1970, p. 28.)








The goal of liming is to achieve a neutral soil colloid, inactivate the exchangeable Al", and remove the H+ as water. A number of different factors will influence these processes.
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The most desirable soil pH for most crops in North Carolina is 5.8 to 6.2 although crops such as blueberries need a lower pH and other crops such as alfalfa need a higher pH. A soil which is more acid than 5.8 may be detrimental to plant growth for many reasons:


A low pH causes some elements such as aluminum and manganese to become so    soluble they may become toxic to plants.


Low pH inhibits the growth of beneficial soil microorganisms.


Low pH decreases the availability of certain plant nutrients such as phosphorus.
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Table 1. Relating between soil buffer pH and exchangeable acidity (Ac).�
�
Soil Buffer pH�
Exchangeable Acidity (Ac)�
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