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	Soil Texture and Particle Size Distribution
 

The amount, type, and kind of mineral particles in a given soil determine soil texture, with soil solids comprising roughly 50% of the total soil volume. The remainder is made up of soil water and soil air. Conceptually, soil texture is a simple property to intuit as something that can be determined from touch and observation. However, the term has more precise meaning in soil science. Soil texture refers to the relative amounts of three well-defined soil particle size separates: sand, silt, and clay. These three components are familiar to most students, although the term "silt" is somewhat tenuous for most people to define. However, conventional notions of sand, silt, and clay must be suspended to gain a firm understanding of soil texture. The terms do not refer to the minerals commonly associated with the names of the 3 soil separates. For example, sand does not refer to "quartz sand" with which we are all familiar. It refers to a discretely defined particle size between 2.0 and 0.05 mm in diameter, regardless of mineralogy. Likewise the silt fraction is defined as particles, regardless of mineralogy, that are between 0.05 and 0.002 mm in diameter, and clay is defined as particles with a diameter less than 0.002 mm.
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Soil Texture
 

Crucial to the role of soil texture in soil physical and chemical properties is the surface area of each soil separate. For soil particles comprising the same mass, total surface area increases as the size (or diameter) of the particles decrease. In other words, a 1-gram sample of clay-sized particles has a surface area many times that of a 1-gram sample of sand-sized particles. In fact, 1 gram of clay can possess as much as 3,000,000 cm2 of surface area, while the same mass of sand may possess only 30 cm2 of surface area. Referencing the surface area to a known mass of particles in this manner denotes specific surface area, or surface area per unit mass. As we will learn in this exercise, increased surface area means greater potential interaction with the environment. This property has vast implications for the physical and chemical properties of soils, many of which will be examined in later labs.
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The Soil Textural Triangle

Soils are grouped into 12 textural classes depending on their proportions of sand, silt, and clay, which are expressed as percentages as shown in Fig. 1. Notice that the clay size class dominates the textural triangle. A soil with 55% clay is considered a clay soil, but it requires 85% sand content for a soil to be considered a sand. This reflects the ability of clay particles to dominate soil properties. In other words, “a little clay goes a long way.”
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To determine a soil’s textural class, we need only know the percentages of each size class (sand, silt, or clay). The region at which these percentages intersect on the textural triangle defines the soil texture. For example, for a soil with 30% clay, 20% silt and 50% sand, the lines drawn based on the 3 axes of the triangle intersect in the sandy clay loam region in Fig. 2. Note how the lines are drawn relative to the major axes that define the soil separates (sand, silt and clay).

Obviously, these designations are fairly generalized, but an astonishing amount of information about soil properties can be conveyed by the soil’s textural class. For example, soils dominated by the sand fraction tend to be better drained, less chemically active, less fertile, etc. One of our goals in this course will be to link soil properties to their textural classes in order to facilitate decision-making relative to agriculture and the environment.

Field estimates of soil texture can be made using the “texture-by-feel” method. In essence, the method involves manipulating moist soil samples to determine roughly the proportions of sand, silt, and clay based on grittiness, smoothness, and plasticity, respectively. This is a subjective skill that takes practice. Opportunities to hone your talents will be provided in this lab exercise. Historically, students have been quite surprised at their ability to estimate soil texture with this method. Other, more precise, methods also will be examined, but the texture-by-feel method is a handy first approximation, especially under field conditions.

	Surface Area 
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One of the principal implications of soil texture is surface area. The surface area of the above cube is doubled by breaking it up into 8 identical particles. Thus, smaller particles 

	have a greater surface area for the same mass of soil. For example, one hundred particles weighing a total of one gram have a far greater surface area than a single particle weighing one gram. Surface area ultimately determines the size of the interface between the soil particle and the surrounding environment, which in turn dictates the magnitude and rate of many soil chemical and physical properties.

The table below indicates the three primary particle size fractions and their specific surface areas. Note that the units for specific surface area are expressed as surface area per unit mass (cm2/g).
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Clay particles have surface areas that are 10,000 times greater than sand-sized particles. Think of the implications in terms of their relative abilities to interact with the environment. These interactions will take place at the mineral surface; therefore, a small amount of clay can have an enormous impact on soil properties. 


Laboratory Determination of Soil Texture

A reliable method for determining the proportions of each soil separate (sand, silt, or clay) employs sedimentation. The rate at which particles settle out of aqueous suspensions is dependent upon their size (diameter), or more directly, their surface area. Particles with large specific surface areas experience greater “drag” or resistance to settling than do particles with smaller specific surface areas. Therefore, if both types of particles are suspended in water, those with a small specific surface area will settle out first according to the equation below known as Stokes’ law.

                                         V = D2g(dp-dL)
                                               18(
V is the settling velocity of a spherical particle (assumed) with diameter D, g is the acceleration due to gravity, dp and dL are the densities of the particle and liquid, respectively, and ( is the fluid viscosity. Notice that the velocity increases with the square of the diameter and also for particles having greater density with respect to the liquid. Conversely, the settling velocity of a particle decreases in more viscous fluids (e.g. oil vs. water). 

We can estimate the values for most of these parameters. The acceleration due to gravity is constant. The density and viscosity of the liquid (water), although temperature dependent, is well known, and we can estimate the density of soil particles; the accepted value is 2.65 g/cm3. Therefore, combining all of the known parameters into one constant, we can re-write the equation:




      V = kD2 

Where k encompasses all the variables except the particle diameter, and equals 11,241cm-1 sec-1. This is a much simpler equation and indicates that the settling velocity of a soil particle in water is proportional to the square of the particle diameter. We will use Stokes’ law indirectly by allowing particles to settle out of suspension for predetermined time periods. Since we know that the larger particles (sand) will settle out first and the smallest (clay) will settle last, we will be able to determine the relative amounts of sand, silt and clay in a soil sample.

For example, imagine that you shake a soil sample to suspend all the particles in water. If you allow the particles to settle out, the large sand particles will leave the suspension first and accumulate on the bottom of the vessel. Only the silt and clay particles will remain in suspension. If you wait a little longer, the silt particles also will settle out leaving only the clay in suspension. Therefore, to determine the amounts of sand, silt, and clay in the original sample we only need to determine how much of each soil separate has settled out of suspension in a given time period.  

To accomplish this, we will use a hydrometer. A hydrometer measures the density (mass/unit volume) of a suspension.

The Hydrometer Method for Determining Soil Texture 

and Particle Size Distribution.
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A hydrometer is essentially a calibrated float or bobber which is  buoyed up in dense suspensions. In other words, the greater the amount of material in a suspension, the higher the hydrometer will float. Note that the volume of a suspension is essentially constant, but the mass of a suspension changes as particles settle out. The hydrometer directly measures the mass of particles remaining suspended in a given volume, not the amount of particles that have settled out. The amount of particles which have settled out of the suspension must be calculated by subtraction of the amount remaining (determined by the hydrometer) from the amount originally added to the cylinder.




Sample Calculation for the Hydrometer Method of Determining Soil Texture

Trial measurements using Stokes’ Law have shown that for the suspension cylinders we will use, all the sand-sized particles will settle out in 40 seconds, followed by silt-sized particles after 2 hours. Therefore, based on measurements of the suspension density at these two time intervals using the hydrometer, we can calculate the amounts of sand, silt, and clay in a soil sample.

For example, if we suspend 40 g of soil in 1 liter of water, our initial measured suspension density will be 40 g/L–the hydrometer compensates for the density of the water itself. After 40 seconds, all of the sand-sized particles will have settled out of the suspension leaving only silt- and clay-sized particles. If we measure the density of the suspension at 40 seconds and the hydrometer reading is 10 g/L, then there are 10 grams from our original soil sample left in the 1-liter suspension. Since we know that the sand-sized particles that have settled out, we can determine by subtraction that there were 30 g of sand in the original sample.


                                               Hydrometer reading after 40 seconds = 10 g/L





                                  Settled sand particles (30 g)

Mass sand:  40 g original soil - 10 g silt and clay remaining in suspension = 30 g sand 

Percent sand:  30 g sand / 40 g original soil = 0.75 = fraction of sand in the sample



  0.75 x 100 = 75% sand

Similarly, after 2 hours the silt-sized particles will settle out of suspension leaving only the clay-sized particles remaining. This will reduce the density of the suspension further, and the hydrometer will sink accordingly. If we note the hydrometer reading after 2 hours it gives us a direct indication of the amount of clay in the suspension and, therefore, in the original sample.

For example, if our 2-hour reading is 2 g/L, this means that there are 2 grams of material left in the suspension. We know that this must be clay, since the sand and silt have settled out. Therefore, there were 2 g of clay in the original soil sample. 

Percent clay:  2 g clay / 40 g original soil = 0.05 = fraction of clay in the sample

                        0.05 x 100 = 5 % clay.

So, now we know the fractions or percentages of sand- and clay-sized particles that were in the original soil sample. The only remainder is the silt. We can determine this by simple subtraction.

Percent silt: 40 g (original soil) - (30 g sand + 2 g clay) = 8 g silt

                      8 g silt / 40 g original soil = 0.20 = fraction of silt in the sample 


          0.20 x 100 = 20% silt


          Alternatively, 100% (original soil) - (75% sand + 5% clay) = 20% silt

Knowing the percentages of sand, silt, and clay we can use the soil textural triangle to determine the soil’s textural class--loamy sand.

We will use this procedure in the lab to determine the textural class of soils collected in the field. We will modify the procedure somewhat, however, due to time constraints. We will measure the suspension density with the hydrometer at 40 seconds and 1 hour (rather than 2 hours). This will not introduce a great deal of error into our determinations, because most Florida soils are very low in silt.

We also must disperse the soil particles. Small soil particles can be held together by electrostatic linkages so that they settle quickly out of suspension as one large unit or particle. The result would be an overestimation of the percentage of sand in the sample. The nature of these linkages will be discussed in a later lab and interested students may consult their instructor. Nonetheless, we can break these linkages by adding a chemical dispersant like sodium hexametaphosphate to our suspensions so that each particle settles separately and in accordance with its own size.

Organic matter also can prevent complete dispersion of the soil particles. Typically, we would remove organic matter from the soil prior to sedimentation using hydrogen peroxide. Peroxide oxidizes the organic matter in the soil, converting it to gaseous carbon dioxide and water. 

Our final consideration for the hydrometer method is temperature. Recall that the density and viscosity of water change with temperature. This will result in faster or slower settling velocities for particles depending on the temperature (recall the original form of Stokes’ law). Hydrometers are calibrated at the factory to read accurate densities at 18 oC. Therefore, we will correct our readings for other temperatures. For each degree above 18 oC, we will add 0.25 g/L to the observed hydrometer reading. For each degree below 18 oC, we will subtract 0.25 g/L from the observed hydrometer reading. For example if our reading at 22 oC was 10 g/L, our temperature-corrected reading would be 10g/L + (4 x 0.25 g/L) or 11 g/L.

Part I.  Procedures for the Hydrometer Method

Large particles (sand) settle out of suspension within 40 sec. and decrease the density accordingly. After 2 hours, silt settles out, again reducing the density of the suspension. We will measure the density of a soil suspension at 40 seconds and 1hour. From these measurements, we will determine the proportions of sand, silt, and clay in the soil.
 

1. Weigh 40 g of the Bt horizon soil provided into a metal stir cup. 

  

2. Fill the cup 1/2 full with deionized water. Add 20 ml of sodium hexametaphosphate 

    dispersing solution.
 

3. Place on mechanical stirrer for 5 minutes.
 

4. Quantitatively transfer all the soil to a 1000 ml cylinder. To accomplish the this, 

    ensure that all the soil is transferred from the metal stir cup to the cylinder using a  

    wash bottle as necessary. Fill the cylinder up to the 1000 ml level using D.I. water.
 

5. With a green stopper on the top, invert the cylinder gently several times to suspend the 

    soil. Start timing the moment you set the cylinder on the lab bench.
 

6. Immediately lower the hydrometer into the suspension (carefully).
 

7. At the 40 second mark, read the hydrometer. Use a drop of alcohol to disperse bubbles.
 

8. Measure the temperature of the suspension.
9. Temperature correction: For each degree over 18 oC, add 0.25 g/L to the reading. 

    For each degree below 18 oC, subtract 0.25 g/L from the reading.
 

10. Repeat steps 5 through 11 twice more. Average the three 40 sec. readings.
 

11. Record both the initial and the temperature-corrected average hydrometer readings.
 
12. A 1-hour reading is also required. In the interim, practice your texture by feel skills.
 

13. Determine the proportions of sand, silt, and clay in your soil sample. Remember that  

       hydrometer readings report the amount of material still in suspension

Part II.  Texture by Feel Method

1. Follow the flowchart presented to practice determining the texture of the soils  

    provided.  Learn which properties dominate for a given soil texture

2. Determine the texture of the unknown soils provided using the texture-by- feel   

    method.

	Data

	Table 1. Texture-by-Feel of Unknown Soil Samples

	Plasticity (ribbon)
	Predominant feel (gritty, smooth)
	Textural Class

	1.
	.
	.

	2.
	.
	.

	3.
	.
	.

	4.
	.
	.

	
	.
	.


 

	Data

	Table 2. Hydrometer Method

	1. Soil name
	. Bt Horizon

	2. Soil weight
	.

	.
	.

	3. Average 40 sec. hydrometer reading
	.

	4. Temperature
	.

	5. Temperature-corrected 40 sec. reading
	.

	
	.

	6. Average 1 hr. hydrometer reading
	.

	7. Temperature
	.

	8. Temperature-corrected 1 hr. reading
	.

	.
	.

	9.   Weight of sand
	.

	10  Weight of silt
	.

	11. Weight of clay
	.

	.
	.

	12. Percent sand    
	.

	13. Percent clay      
	.

	14. Percent silt    
	

	15. Soil textural class (e.g. sandy clay loam)
	.


	* Remember to use the correct units for all measurements and calculations.


Guide to Tables

Table 2.

1. Enter the soil series name

2. Enter the weight of your sample (g).

3. Enter the average of the three 40-second hydrometer readings (g/L).

4. Enter the measured temperature (oC).

5. Enter the temperature-corrected average 40-second hydrometer reading (g/L).

6 - 8. Provide the same information for the 1-hour reading.

9.   Determine the weight of sand in the sample. Original soil weight (row 2) - weight of 

      silt and clay remaining in the 1 liter suspension after 40 seconds as determined from   

      your hydrometer reading.

10. Your 1 hour hydrometer reading is a direct measure of the weight of clay in the   

      sample. (e.g. 5 g/L in 1L = 5 g clay).

11. Determine the weight of silt by subtracting the combined weight of the sand and clay

      from the weight of the original sample.

12-14. Determine the percentages of sand, silt, and clay by dividing the weight of each 

           component by the weight of the original sample (row 2).

15. Determine the soil textural class using the soil textural triangle.
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Soil Bulk Density and Porosity
 

Soil bulk density is a measure of the mass of soil per unit volume (g/cm3) usually reported on an oven-dry basis. Recall that the soil contains both solids and voids. The volume used to calculate bulk density includes both of these components. Therefore, the greater the amount of void space, the lower the weight for a given volume, and, the lower the bulk density. Thus, the bulk density indirectly provides a measure of the amount of pore space, or the soil porosity, which is simply the ratio of the volume of pores to the total soil volume. Soil pores are the avenues by which water and air move in the soil. They also serve as a location for root and microbial activities, as well as a habitat for soil flora and fauna (Thien and Graveel, 1997).

 

 

Porosity
 

In addition to the total soil porosity, the pore size distribution is integral to the movement of soil air and water. There are three general types of pores. Macropores are large (> 0.08 mm), freely draining pores that are prevalent in coarse or sandy soils. Mesopores function in the capillary distribution of water within the soil and are common in medium-textured soils. Micropores (< 0.03 mm) are important to water storage and are found abundantly in clay soils. A more detailed classification of soil pore sizes can be found in your text. It is sometimes helpful to envision the porosity of soils as a network of tiny tubes of varying diameter. Imagine how the diameters of those tubes would impact the movement of gasses and liquids relative to aeration, drainage, and infiltration. Many soil management strategies are designed to control these processes through management of porosity via the bulk density.
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Density

Density expresses the relation between the mass (m) and volume (V) of a substance. Therefore, an object or substance that has high mass in relation to its size (or volume) also has a high density (D).





D = m/V

As an extreme example, a one cubic meter block of concrete has a much greater mass than a one cubic meter block of styrofoam. Therefore, concrete has a higher density. 

Soil Density

Different types of soils have different densities based largely on soil texture and their degree of compaction. Soil bulk density (BD) expresses the relation between a soil’s dry mass and its bulk volume (the volume of soil solids and soil pores).




BD =           oven dry soil mass
                                                 volume of solids and pores

Thus, soil bulk density is intimately related to porosity. In general, clayey soils have an abundance of very small pores (micropores) that give them a higher total porosity compared to sands, which are dominated by larger, but fewer pores. Consider relative sizes of a sand and clay particle. 


               one sand particle                                                  hundreds of clay particles

                     no pores                                                               many small pores

There are pore spaces between the clay particles that are necessary to fill the volume occupied by the single sand particle. Thus, clay soils tend to have a higher total porosity than sandy soils. Since empty pores do not contribute to the bulk weight, clay soils are lighter and they tend to have lower bulk densities (less mass for the same volume).

Obviously, porosity (P) and bulk density are closely linked, and it turns out that knowledge of either one of these properties can be used to determine the other through the following relation:



                    Porosity (P) = 1 - (BD/PD)

Where PD represents the particle density, which is simply the density of the individual particles, themselves (not including the pores). An agreed-upon value for the density of individual soil particles is 2.65 g/cm3, which is the average density of quartz. Examine the equation. Based on this relation, porosity values are between zero and one, and increase for low values of bulk density. Multiplying the value determined by 100 yields the percent porosity (%P)

The graph below concisely illustrates the overall relation between porosity and bulk density. When the bulk density is zero, porosity equals 1, meaning there are no particles. If the bulk density is equal to the particle density, then there are no pores and porosity is zero. Between these two extremes are the values for soils. Clayey soils tend to have lower bulk densities and higher total porosities than sandy soils.


In summary, sandy soils have lower total porosity and a higher bulk density, while clayey soils have higher total porosity and lower bulk density. 

Soil Sampling to Determine Bulk Density

Soil sampling is conceptually quite simple, but requires patience and care because obtaining an accurate volume of soil is critical. The samples are obtained by driving a container of known volume into the soil. The container is then oven dried and weighed. Dividing the weight (g) obtained by the volume of the container (cm3) yields the soil bulk density (g/cm3).

Below is an illustration of a typical bulk density sampler. The construction allows the sample container to be driven into the soil without undue disturbance or compaction.



Compaction increases the mass in a given volume, which increases the measured bulk density. We will use an apparatus like this to sample bulk densities it two separate soil horizons: the surface and a Bt horizon. We will then return the samples to the lab, dry them, weigh them, and calculate the bulk density and porosity. Since the two horizons contain differing relative amounts of sand, silt, and clay, the determined bulk densities will differ accordingly. 

	Part 1.   Procedure Soil Bulk Density

	1. Soil cores are 5.5 cm in diameter and 3 cm high. Calculate the volume. (V = ( r2 h) 

2. Remove your soil cores from the drying oven.

3. Weigh both cores with their containers.

4. Remove the soil from the brass ring and clean the containers. 

     Do not discard the soils. Place them together in an explicitly labeled container (provided).

5. For each soil, weigh the brass ring and container.

6. For each core, subtract the weight of #5 above from #3 to obtain the oven-dry weight of                                           the soil.

7. Calculate the bulk density of your samples (weight / volume). Use the correct units.

8. From the weight of the sample before it was dried, calculate the amount of water 

    that was removed by drying. Record this amount for use in determination of soil

    water content in a later lab exercise.




Part II.  Procedures for the Hydrometer Method

This procedure is almost identical to that used in the previous lab to determine soil texture, except that this time we will also remove organic matter prior to the sedimentation process. Remember that large particles (sand) settle out of suspension within 40 sec. and decrease the density accordingly. After 2 hours, silt settles out, again reducing the density of the suspension. We will measure the density of a soil suspension at 40 seconds and 1hour. From these measurements, we will determine the proportions of sand, silt, and clay in the soil.
 

1. Weigh 40 g of your field Bt horizon soil (well mixed) into metal stirring cup. 

  

2.  Add 20 ml of sodium hexametaphosphate dispersing solution. Fill cup to approx. ½ 

     full if  necessary.
 

3. Place on mechanical stirrer for 5 minutes.

 

4. Quantitatively transfer all the soil to a 1000 ml cylinder. To accomplish the this, 

    ensure that all the soil is transferred  to the cylinder using a wash  

     bottle as necessary. Fill the cylinder up to the 1000 ml (1L) level using D.I. water.
 

5. With a green stopper on the top, invert the cylinder gently several times to suspend the 

    soil. Start timing the moment you set the cylinder on the lab bench.
 

6. Immediately lower the hydrometer into the suspension (carefully).
 

7. At the 40 second mark, read the hydrometer. Use a drop of alcohol to disperse bubbles.
 

8. Measure the temperature of the suspension.
9. Temperature correction: For each degree over 18 oC, add 0.25 g/L to the reading. 

      For each degree below 18 oC, subtract 0.25 g/L from the reading.
 

10. Repeat steps 6 through 11 twice more. Average the three 40 sec. readings.
 

11. Record both the initial and the temperature-corrected reading in the table provided.
 
12. A 1-hour reading is also required. In the interim, practice your texture by feel skills.
 

12. Determine the proportions of sand, silt, and clay in your soil sample. Remember that  

       hydrometer readings report the amount of material still in suspension

	Data


	Part I.  Soil Bulk Density*


	
	  Top sample (0-3 cm)
	 Bottom sample (3-6 cm)

	1. Moist weight of soil + container (g)
	
	.

	2. Dry weight of soil + container (g)
	
	.

	3. Weight of water removed (g)
	
	.

	4. Weight of container (g)
	
	.

	5. Dry weight of soil (g)
	
	.

	6. Volume of soil (cm3)
	
	.

	7. Soil bulk density (g/cm3)
	
	.

	8. Soil porosity (%)
	
	.


	*Use correct units.


	

	Part II.    Hydrometer Method

	1. Soil name
	.

	2. Soil weight
	.

	.
	.

	3. Average 40 sec. hydrometer reading
	.

	4. Temperature
	.

	5. Temperature-corrected 40 sec. reading
	.

	
	.

	6. Average 1 hr. hydrometer reading
	.

	7. Temperature
	.

	8. Temperature-corrected 1 hr. reading
	.

	.
	.

	9.   Weight of sand
	.

	10  Weight of silt
	.

	11. Weight of clay
	.

	.
	.

	12. Percent sand    
	.

	13. Percent clay      
	.

	14. Percent silt    
	

	15. Soil textural class (e.g. sandy clay loam)
	.


Guide to Tables

Table 2.

1. Enter the soil series name

2. Enter the weight of your sample (g).

3. Enter the average of the three 40-second hydrometer readings (g/L).

4. Enter the measured temperature (oC).

5. Enter the temperature-corrected average 40-second hydrometer reading (g/L).

6 - 8. Provide the same information for the 1-hour reading.

9.   Determine the weight of sand in the sample. Original soil weight (row 2) - weight of 

      silt and clay remaining in the 1 liter suspension after 40 seconds as determined from   

      your hydrometer reading.

10. Your 1 hour hydrometer reading is a direct measure of the weight of clay in the   

      sample. (e.g. 5 g/L in 1L = 5 g clay).

11. Determine the weight of silt by subtracting the combined weight of the sand and clay

      from the weight of the original sample.

12-14. Determine the percentages of sand, silt, and clay by dividing the weight of each 

           component by the weight of the original sample (row 2).

15. Determine the soil textural class using the soil textural triangle.
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Soil Water Content and Water Movement
 

Soil water is among the most engaging aspects of Soil and Water Science. Through its ability to store and release water, the soil can exert a profound influence on all environmental systems. Thus, understanding the interaction of soil and water is fundamental to sound environmental management.
 

After water enters the soil by infiltration it is subject to a number of competing forces which dictate its path. However, water movement essentially occurs through the combined effects of the following forces: adhesion of water to soil particles and cohesion between water molecules (collectively called capillarity), and gravity.
 

Tension, Pressure, and Gravity
 

The combined effect of capillarity in soils is called matric tension. Matric, because it originates as a product of the soil matrix. Tension, because water held in soil pores through capillarity is said to be under tension. Many students prefer the conceptually more palatable term "suction", rather than tension because capillary action, in essence, sucks water into the pores. The smaller the pore diameter, the greater the tension. Matric tension forces cause water to move in unsaturated soils. Tension or suction also generally prevents water from draining from the soil by gravity in all but the largest pores. 
 

Gravity is responsible for water movement in saturated soils. In a saturated soil, there is no matric tension; all the pores are full and matric forces are satisfied; no suction can occur. It is important to recognize that most water relations we will discuss can be traced back to porosity and the pore size distribution. Thus, soil texture is extremely important.
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Capillarity
 

Imagine water molecules at the surface of a soil particle. They are held to the surface by very strong attractive forces, or adhesion. Water molecules farther away from the particle are held primarily by their interaction with adjacent water molecules, or cohesion. This same phenomenon causes water to move upward, against gravity in a capillary or small-diameter tube. As water molecules adhere to the vertical surface of the tube, they rise and pull adjacent water molecules along by cohesion. To some extent, the soil pores through which water moves can be conceptualized as a network of tiny capillary tubes. This is why upward movement of water in a soil profile is commonly called capillarity. The smaller the diameter of the pores, the higher the rise of water in the soil profile.
 




Water Movement

Water is held and moved in soils primarily by gravity and tension. Gravity attracts water downward through the soil profile; tension describes the attraction of water to other entities. Tension is related to capillarity, or water flow into small openings. Water enters capillaries due to adhesion to the capillary wall. Additional water is drawn into the capillary by cohesion between water molecules.

The force with which water is pulled into capillaries is related to the diameter of the capillary tube.








Water will rise higher, and will be held with greater strength in clayey soils due to the abundance of small pores. This is an expression of tension (or suction). Small pores exert greater tension on soil water and it is, therefore, also more difficult to remove water from clayey soils either by evaporation or drainage.

Soil Water Energy

The energy of soil water is related to the suction or matric tension the soil exerts on water, which is a function of pore size. Smaller pores mean greater tension or suction on soil water. Therefore, the energy is related to the soil texture which, in part, determines the pore size distribution.

Recall that clay soils have both smaller pores and greater total porosity than sandy soils. Thus, the average energy with which they hold water will be greater than sandy soils. Additionally, soil water energy is related to water content. As soil dries from saturation, the largest pores dry first, leaving the smaller pores filled with water. This is because the smaller pores are holding the water with greater energy. To remove this water requires a greater energy expenditure.

One way to remove water from a soil rather than simply drying it out is to apply incrementally greater suction or pressure. Suction or pressure will remove water from the largest pores first. With each increment of greater suction, more water is removed from progressively smaller pores. By measuring the water content at each incremental suction level, we can relate the amount of suction to the amount of water left in the soil. This is the function of a soil water retention curve (sometimes called a moisture release curve). It is a simple graphical representation of the relationship between suction and water content.





The moisture release curve above shows that at lower suctions, the water content of the sand (larger pores) is less that that of the clay. It is generally more efficient to measure soil tension or suction than it is to measure water content. We use moisture retention curves to translate between the two. Thus, if we know the soil water tension we can convert it to a water content measurement using the moisture release curve.

We frequently establish the relationship expressed by the soil water retention curve using a laboratory apparatus like that illustrated below.



There are 5 established soil water energy benchmarks to describe water conditions in the field.

1. Saturation          --
All the pores are filled with water.

2. Field Capacity* -- 
The soil is holding all the water it can against the pull of gravity.

                                  
The energy with which it is held is equivalent to 0.3 bars or 0.03               

                                 
MPa suction.

3. Wilting Point*   -- 
Water cannot be extracted from the soil by plants. The energy is 

                                  
equivalent to 15 bars or 1.5 MPa suction.

4. Air Dry              --
Evaporation has removed water from the soil. The energy is 

                                  
equivalent to 31 bars or 3.1 MPa suction.

5. Oven Dry          -- 
Heat energy equivalent to 10,000 bars or 1000 MPa. Removes the 

                                
 most tightly held water.

*Moisture conditions between field capacity and wilting point are termed plant available.

Soil Water Content

Soil water content is measured simply by weighing a soil sample before and after water has been removed by drying or by suction. It can be expressed as:



             % by weight    =

           % by volume  =

Equivalent Surface Depth










Hydraulic Conductivity

Hydraulic conductivity is essentially a measure of how easily water moves through the soil, or how well the soil conducts water. It is a function of pressure, texture, the length of the soil column, and the area through which the water moves.

Assume that water is ponded above a soil column.



 h



 L



The volume of water flow per unit time (V/t) is proportional to:

1.  The height (h) of the water column establishing the pressure on the soil.

2.  The area of the core (a) establishes the overall width of the flow path.

The volume of water flow per unit time (V/t) is inversely proportional to:

1. The length of the soil column (L), or how far the water must travel. Longer path

     length means greater opportunity for resistance to flow, or drag.

Therefore, volume of water that will flow through the soil core in a given time can be illustrated:

Volume   =    V    is proportional to   h  · A
  Time             t                                       L

To make this expression an equality requires a constant such that:

V  =  K (constant)  x   h · A    this yields,   K   =     V · L
 t                                     L                                       t · h · A
The constant above (K) is the hydraulic conductivity of the soil. It is an intrinsic constant, indicating how quickly water will move through the soil. The equation can be solved for K, since in an experimental setting, all of the other variables will be known. Changing these variables (h, L, A) will not affect the calculated value for K. It will simply slow or quicken the flow rate (V/t) to compensate, yielding a constant value for K which can be compared with values for other soils. This comparison is extremely important for managing soils relative to irrigation and drainage, as well as chemical or water movement.
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Water Movement in Soils Video

We will watch a short video on water movement in soils produced by the University of Arizona. It includes the effects of texture, organic matter, tillage, and textural discontinuities. Be attentive; you are responsible for the information in the video.

Demonstration

A demonstration of the effects of capillarity and gravity will follow the video.

Hydraulic Conductivity

You will determine the saturated hydraulic conductivity of an assigned soil from two measurements. You will then share your data with the rest of the class. You will need the hydraulic conductivity values for all of the soils tested to include in your lab results.  The apparatus resembles that in the figure above.

1. Be sure that the water level in the burette is set at the lower black line. Measure the water height from the top of the core to the line. This is “h” in the equation for determining hydraulic conductivity. The parameter “L” is the length of the core, itself. 

2. Place a beaker at the exit of the soil core. 

3. Open the stopcock or clamp and allow water to flow through the core for at least 2 minutes for all soils except the sand. Allow the sand core to flow for 30 sec. 

4. Be sure to maintain the water level in the burette at the black mark using a wash bottle. 

5. Without stopping the flow, place a graduated cylinder at the exit of the core in place of the beaker. Start timing immediately. 

6. Allow the flow to continue for 30 sec for the sand. For the other soils, allow the flow to continue for 3 minutes. 

7. Swap the beaker for the graduated cylinder.

8. Add water to the burette to the second (upper) black line. Measure the water height from the top of the core to this line. This is “h” in the equation for determining hydraulic conductivity. Remember this in your calculations. The parameter “L” is the length of the core, itself. 

9. Without stopping the flow, place a graduated cylinder at the exit of the core in place of the beaker. Start timing immediately.

10. Other students will perform similar measurements on this and other soils. Everyone will report and share results. You will report your flow volume, V, and the corresponding values for the parameter, h, for two measurements on your soil. 

Soil Water Content (NATL Surface)

	 
	0-3 cm
	3-6 cm

	1. Soil Name
	 
	 

	2. Wet weight
	 
	 

	3. Dry weight
	 
	 

	4. % water by weight
	 
	 

	5. % water by volume (direct calculation)
	 
	 

	
	
	


Saturated Hydraulic Conductivity

	
	 
	Flow Vol.
	time
	Height of water from top of core
	Length of core
	Area of core
	    k

	
	Soil 
	cm3
	min
	        (cm)
	  (cm)
	  (cm2)
	(cm/hr)

	
	
	 
	 
	 
	 
	 
	 

	Reading 1
	
	 
	 
	 
	 
	 
	 

	Reading 2
	
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 

	Reading 1
	
	 
	 
	 
	 
	 
	 

	Reading 2
	
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 

	Reading 1
	
	 
	 
	 
	 
	 
	 

	Reading 2
	
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 

	Reading 1
	
	 
	 
	 
	 
	 
	 

	Reading 2
	
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 

	Reading 1
	
	 
	 
	 
	 
	 
	 

	Reading 2
	
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 

	Reading 1
	
	
	
	
	
	
	

	Reading 2
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Reading 1
	
	
	
	
	
	
	

	Reading 2
	
	
	
	
	
	
	


Guide to Tables

Soil Water Content

1. Enter the soil name

2. Enter the wet weight recorded in the field

3. Enter the dry weight.

4. Calculate the water content on a weight basis. (wt. of water in soil/ wt. of dry soil).
5. Calculate the water content on a volume basis. (vol. of water in soil/ volume of soil).

Saturated Hydraulic Conductivity
Flow volume = the amount of water collected in the designated time period.

Time = the time to collect the water.

Height of water from the top of the core (measure).

Length of the soil core (L)

Area of the soil core  (A)

Conductivity (K)        K   =     V · L    (check your units, final result should be cm/hr)
                                               t · h · A
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Soil Colloids and Cation Exchange
 

Colloids are the most chemically active fraction of soils. They are extremely small (generally less than 2 µm in diameter) and, thus, have remarkably large specific surface areas, which enhance their interactions with the external environment. Colloids can be classified as either mineral (clays) or organic (humus); crystalline (definite structure) or amorphous. The crystalline colloids include soil clay minerals, which are characterized by well-defined aluminosilicate sheet structures. Consult your text for details on aluminosilicates.
Cation Exchange
 

Most colloids possess a net negative charge at their surface, which attracts positively charged ions or particles, and repels those that are negatively charged. The implications of this property for the environment are enormous. Many plant nutrients, as well as some pesticides and other chemicals, are positively charged and, therefore can interact strongly with soil colloids.

The retention of these charged entities at a colloid surface is called adsorption. Because of the adsorptive properties of soil colloids, or the ability to retain cations at the particle surface, the soil serves as a reservoir for both inorganic (e.g. Ca, Mg, K, Cu), and organic cations (e.g. pesticides). The activity and the availability of many soil chemicals, therefore, can be controlled by soil colloids. Conversely, soils themselves can be altered by adsorbed chemicals, for example, their acidity or ability to aggregate or disperse (Thein and Graveel, 1997).
	[image: image9.png]



Kaolinite Sheets
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Electron micrograph                   of colloids


Mineral Colloids

The most reactive of the mineral colloids are the aluminosilicate clays, which are sheet structures containing, interestingly enough, aluminum and silicon as their major cationic constituents. They are composed of two basic units consisting of silicon tetrahedra and aluminum octahedra like those depicted below (note the dimensions in nanometers).
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These two fundamental units are arranged in sheets to comprise the overall alumino-silicate structure. The figure below illustrates a tiny fragment of a 2:1 clay mineral, meaning there are 2 tetrahedral sheets for each octahedral sheet. 


                                                                                

                                                                                Tetrahedral sheet

                                                                                Octahedral sheet

                                                                                 Tetrahedral sheet


Nearly perfect crystals containing only the structural units described above are electrically neutral. However, cation substitution during mineral formation in the silicon tetrahedra and/or aluminum octahedra can result in a negative charge at the colloid surface. This is called “isomorphic substitution”. For example, if during the formation of the mineral, a magnesium ion substitutes for an aluminum ion in the octahedron, a net negative charge will develop. This is because aluminum has a charge of +3, while magnesium has a charge of +2. Therefore, substitution of magnesium in the mineral results in a small charge deficit, yielding a net negative charge. A similar type of substitution can occur in the tetrahedral layer. Aluminum is roughly the same size as silicon, but silicon has a +4 charge. Substitution of aluminum for silicon in the tetrahedral sheet again results in a negative charge on the mineral.

Thus, the amount of charge on the mineral depends upon the degree of either type of substitution throughout its structure. This, in turn, is dictated by the conditions under which the mineral formed. Scarcity of appropriate substituting cations like magnesium tends to limit the amount of substitution, for example. In any event, the negative charges thus generated must be satisfied by an equal number of positive charges. These are supplied by cations in the soil solution, which are adsorbed on the clay surface in an amount (charges) equal to the number of charges generated by isomorphic substitution. Below, two negative charges on the mineral colloid are balanced by two sodium cations at the surface.

Illustration of a fragment of a

single colloid



The adsorbed sodium cations also are exchangeable. In other words, they can be replaced at the colloid surface by other cations like potassium (K+). The replaced sodium cations are returned to the soil solution.






Organic Colloids

A similar negative charge development can occur for organic colloids comprising organic matter. Among the variety of organic substituents which comprise organic colloids are carboxylic and phenolic groups.




Carboxylic          R-COOH




Phenolic              R-OH
Here, “R” represents an unspecified portion of the organic molecule. The hydrogens associated with these groups are susceptible to exchange in a manner similar to that for mineral colloids.




R-COOH  + Na+  ->  R-COO..Na  +  H+
The ease with which this exchange occurs is dependent upon pH, since the product of the reaction is hydrogen. High concentrations of hydrogen in the soil solution will essentially resist the removal of hydrogen from the carboxylic group on organic matter. In other words, if there is already an abundance of hydrogen in solution (low pH), the hydrogen associated with the carboxylic group is less likely to dissociate. Therefore, the charge on organic colloids is pH-dependent. Low pH favors low charge, high pH, high charge.

Cation Exchange Capacity

The total quantity of cations associated with the exchange sites on soil organic and mineral colloids is called the cation exchange capacity (Thein and Graveel, 1997).  Cation exchange capacity varies widely from soil to soil depending on the amount and type of clay minerals they contain, as well as their organic matter content.

Exchange capacity is generally expressed in units of cmol (+)/kg or mmol(+)/kg, and can range in magnitude from practically zero for minerals like talc to perhaps 100 cmol(+)/kg or more for smectite (e.g. montmorillonite) and vermiculite minerals. As stated, the cation exchange capacity of organic colloids is variable depending on pH, but it can be as high a 200 cmol(+)/kg. Consult your text for appropriate values of CEC. 

Determining soil cation exchange capacity is conceptually quite simple. Since the cations adsorbed at the colloid surface are exchangeable, we simply can flood the exchange sites with a cation of our choice, and thereby displace the cations originally at the surface into solution. We could then count all of the displaced cations (and their charges), total them up, and the sum would equal the exchange capacity. The problem, however, is that we would have to analyze for every conceivable cation that could reside at the colloid surface. As an alternative, we can saturate the exchange sites with a given cation, for example, copper (Cu+) so that all the exchange sites are occupied by this cation. We could then displace all the copper from the exchange sites with yet another cation (e.g. NH4+). The amount of copper that was removed could then be determined (one analysis) and used to compute the exchange capacity. We will employ this method in the lab.

Flocculation and Dispersion

One of the accessory implications of cation exchange is flocculation and dispersion. Flocculation means to come together; dispersion means to separate. If two clay particles approach each other closely, the hydrated cations (discussed below) associated with their surfaces will tend to attract both particles, forming a bridge between them and holding them together (flocculation). This process is facilitated by small, highly charged cations like aluminum, calcium, and magnesium, which can more effectively neutralize surface charges on the colloid. Alternatively, if the colloid surface is dominated by large, relatively low-charged cations like sodium, the particle’s charge is not as effectively neutralized, and repulsive forces can keep the particles apart (dispersion) Ions like sodium are large and have only one charge. They generally are not effective as bridges between particles (Brady and Weil, 1999).

We can differentiate the ability of a given cation to flocculate or disperse a soil based on its charge density, which expresses the amount of charge on a cation in relation to its size. Cations like Na+ have large hydrated radii and a single charge (+1). Therefore, their charge density is low and they tend to disperse soils. Conversely, cations like aluminum have small hydrated radii and 3 charges (+3), and their charge density is high. In other words, their charge is contained in a very small package. This not only allows particles to approach each other more closely, it also provides a better “bridge” between them leading to flocculation.

Shrinking and Swelling

Some soil clays swell and shrink as water moves into and out of interlayer spaces between clay particles. The amount of water that a clay is able to absorb is related to the surface area of the clay itself (area available for contact), as well as the amount of charge and the type of cations satisfying that charge. For example, higher charge clays like montmorillonite (CEC(90 cmol/kg) can absorb much more water than can low-charge clays like kaolinite (CEC(10 cmol(+)/kg). Montmorillonite clays can expand to many times their dry volume when saturated with water; kaolinite is non-expansible. The amount of charge on the clay is important because water is polar, and therefore can orient relative to the negative charge sites on the clay surface. Water also is attracted directly to the interlayer cations as water of hydration, and different cations have differing abilities to attract that water (also based on their charge density).





Hydration of Cations

Metallic cations like Ca2+ and Al3+ exist in water as a hydrated species. This means that they are surrounded by a sphere of water molecules, which are oriented so that the partial negative charge of the water dipole is in closest proximity to the positive metal cation.





In general, divalent and polyvalent cations (two or more charges) tend to attract water more strongly than do monovalent (one charge) cations, and their hydration spheres are therefore somewhat smaller. This tends to lead to flocculation of the clay particles as described above because the intervening hydrated cations are rather small and highly charged. Thus, the clay particles can approach each other closely.

Part I. Cation Adsorption

Our first experiment will examine the adsorption of cations from solution by two soils: the surface horizon and the subsurface horizon of your field soils. These may have widely differing abilities to adsorb cations based on the amount of negative charge on the soil colloids. To illustrate adsorption clearly, we will use an organic cation rather than a simple metallic cation. The organic cation changes color so that the process is easy to observe. However, the process, itself, is fundamentally similar. The cation imparts a blue color to aqueous solutions. Therefore, if the cation is removed from solution by adsorption on negative exchange sites, some or all of the blue color will be lost.

1. Place 5 g of your NATL surface and subsurface soils into a prepared filter funnel.

2. Form an impression in the center of the soil. 

3. Pour 10 mL of methylene blue solution through the soil. Add the solution slowly to 

   avoid circumventing the soil.

4. Note the color of the leachate. What do you conclude about the charged sites associated with this soil?

Part II.  Flocculation and Dispersion

In this exercise we will determine the ability of several ionic solutions to flocculate the smectite clay mineral bentonite. Bentonite is a somewhat highly charged montmorillonitic soil clay (CEC=90 cmol (+)/kg), and readily flocculates or disperses depending on the type of cation in solution. We will examine the ability of 5 typical soil solution cations to flocculate and disperse bentonite.
 

1. Fill 6 clean test tubes with a 0.2% bentonite clay suspension. Label the tubes 1-6.
 

2  To tube 1 add nothing. This is your control.
 

3. To tubes #2-#6 add 10 drops of each of the solutions provided: NaCl, KCl, HCl, 

    CaCl2, AlCl3 
 

4. Stopper and shake.
 

5. Hold the tubes up to the light to see the floccules. Note both the density, and size of 

    the floccules.
  

6. Record your results.
Part III.  Cation Exchange Capacity

We will measure the cation exchange capacity of 2 soils using copper acetate. We will first saturate all the exchange sites with copper cations, and then remove the copper with ammonium cations. See the following page for an illustration. The amount of copper displaced into the solution by ammonium will indicate directly the cation exchange capacity. The copper concentration will be determined by developing a blue color with ammonium hydroxide and then accurately measuring the intensity of the color with a spectrophotometer. 

 

1. Place 3 g of your NATL surface soil and 3 g of your subsurface Bt horizon soil into   

    separate 125 ml flasks.
 

2. Add 20 ml of 0.01 M copper acetate and swirl for 1 minute. Copper will displace 

    resident cations on colloid surfaces. 
3. Allow the flask to stand for 30 seconds, and then carefully pour off the supernatant  

    solution into a prepared filter funnel. Leave the soil in the flask. Repeat steps 2-3.
 

4. Add 20 ml of deionized water to the soil in the flasks. Swirl for one minute and then 

    let stand for 30 seconds.
 

5. Carefully pour off the supernatant solutions into the same filter funnels from step 3.

6. Repeat steps 4 and 5 and then discard the filtrates in the beakers (not the filter funnels).

7. Place a large graduated cylinder under the funnel.

8. Stop and think. The soil exchange sites are now covered completely by copper cations, 

    and all the interstitial (between the particles) copper solution has been rinsed away.
9. Displace the copper cations from the colloid surfaces by adding 20 ml of 1 M   

    ammonium acetate to the soils in the flasks. Swirl for 2 minutes.
 

10. Transfer the entire contents of the flask to the funnel. Use your wash bottle to rinse 

      stray soil particles into the funnel.

11. If necessary, rinse the soils with deionized water until the total volume in the  

      graduated cylinder is 40 ml.
 

12. In the fume hood. Add 5 ml of concentrated ammonium hydroxide to the graduated 

      cylinder and cover with parafilm. Blue color develops under basic conditions in 

      proportion to the concentration of copper in the solution.

13. Use of the spectrophotometer to determine copper concentrations will be discussed.

Initial Condition


After Copper Addition

After NH4+ addition


	Part I.  Methylene Blue Adsorption by Soil Colloids

	 
	 
	 

	 
	Surface Horizon
	

	Soil texture
	.
	.

	Clarity of leachate (clear, dark, no change)
	.
	.

	Charge on colloids (+/-)
	.
	.


 

 Part II.  Flocculation and dispersion
	Cation
	Relative Flocculation (high, low, med)
	 Estimated Cation Charge   Density (high, low, med)

	 
	 
	 

	 
	 
	 

	 
	 
	 

	 
	 
	 

	 
	 
	 

	 
	 
	 


  

	Part III.  Cation Exchange Capacity

	 
Surface Soil
Bt Horizon
1. % transmittance
 
 
 
 
 
2. Copper concentration (mmoll/L)
 
 
 
 
 
3. Volume of leachate+NH4OH (L)
 
 
 
 
 
4. millimoles of copper (mmol)
 
 
 
 
 
5. millimoles of charge (mmol (+)
 
 
 Remember that copper carries 2 positive charges
 
 
 
 
6. centimoles of charge (cmol (+))
 
 
         (there are 10 mmol in 1 cmol)

 
 
 
 
 
7. Weight of sample (g)
 
 
 
 
8. Weight of sample (Kg)
 
 
 
 
 
9. CEC (cmol (-) / Kg soil)
 
 



Guide to tables

Table III

1.  Enter the % transmittance as measured by the spectrophotometer.

2.  Calculate the copper concentration in mmol/L based on the standard curve provided.

     (Concentration = slope  x  %transmittance + intercept)

3.  Enter the volume of leachate collected plus the ammonium hydroxide added to 

     develop the blue color (Liters).

4.  Determine the amount of copper in mmol.  Multiply row 2 by row 3. 

     (mmol Cu  x  L = mmol Cu)

             L

5. Determine the number of charges on the soil colloids.

    (mmol Cu  x  2 mmol charge = mmol charge)

                              mmol Cu  

6. Convert to centimoles of charge. divide #5 by 10.

    (mmol charge   x  1 cmol    =  cmol charge)
                                10 mmol

7.  Enter the weight of the soil sample in grams

8.  Enter the weight of the soil sample in kilograms

9.  Determine the amount of charge per unit weight of sample.

     (cmol charge / Kg sample)

	 [image: image13.png]Introduction to Soils
nme ENVIronment






	Soil Organic Matter
 

Soil Organic matter is complex and varied, composed of a mixture of organic components and containing about three times more carbon than all of the world's vegetation combined (Brady and Weil, 1999). Although only a small fraction of the total soil mass, soil organic matter (SOM) is responsible for much of the cation exchange capacity and many of the hydraulic properties of some soils. Organic matter also stabilizes soil aggregates, provides a storehouse for many important plant nutrients, and provides an energy source and habitat for abundant soil microorganisms. Mineral soils typically contain about 1-5% organic matter, but practically all soil physical and chemical processes are strongly impacted by its presence. Histosols, which are common in wet environments, contain far more organic material–generally greater that 20%.
 

Organic matter originates from the decomposition of the tissues of plants,  animals, and microorganisms. The most chemically and physically active form of SOM is a dark, amorphous material collectively called humus. Unlike much of the soil organic fraction, which is in a constant state of flux, humus is relatively stable. It and other organic components can, and are, however, broken down slowly, providing an abundant energy source for soil microorganisms. The process is essentially oxidative. We will accelerate this process in the lab by combusting soils to determine their organic matter content as well as some of the soil properties imparted by SOM. 
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	Cation Exchange and Pesticide Sorption
 

Some pesticides are cationic, and are therefore, subject to adsorption or exchange like any other cation. Recall that certain functional groups on soil organic matter (COOH, OH) are capable of cation exchange, and that the exchange capacity of SOM can exceed that of the mineral fraction. Thus, a small amount of organic matter can have a powerful influence on the overall exchange capacity of the soil, especially for sandy soils in which the mineral fraction generally has a low CEC. 

Many pesticides and organic chemicals, however, are uncharged. Nonetheless, they still can interact strongly with soil organic matter by absorption.  Absorption occurs when a chemical enters a 3-dimensional matrix. Recall that adsorption occurs at surfaces. We will study the impact of absorption on the activity of organic compounds in the soil in a later lab exercise.
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Organic Matter Content
Determination of the organic matter content of soil is simple and consists of weighing soil samples before and after combustion. During the combustion process, all of the organic matter is oxidized. The weight loss after combustion is equal to the amount of organic matter present. Organic matter content is usually expressed as a percentage.
Cation Exchange

The fundamentals of the cation exchange properties of organic matter have been discussed previously. In essence, hydrogen ions associated with certain functional groups in the organic matrix can dissociate depending upon pH to create negative charge equal to perhaps 200 cmol(-)/kg. This charge functions similarly to that for mineral colloids, but is generally greater in magnitude (on a mass basis). Since many plant nutrients are cations (Ca2+, K+ Mg2+, etc.), the exchange properties of soil organic matter are vitally important to soil fertility.

Carboxylic          R-COOH




Phenolic              R-OH
In this exercise, we will determine the contribution of organic matter to the overall exchange capacity of soils. Since it is impossible to completely isolate the organic component of a given soil to measure its CEC, we will use an alternative approach. We will determine the exchange capacity of a given soil both before, and after the organic matter has been removed by combustion. Then, by simple subtraction, we can determine the contribution to the CEC made by the organic component.





As shown above, the combusted sample will present exchange sites derived only from the mineral fraction of the soil, while the uncombusted sample will possess both mineral and organic exchange sites. The difference in CEC between these two conditions will equal the contribution from the organic component. Our overall procedure will be virtually identical to that used for determination of CEC in the previous exercise.

Organic Matter Contributions to Aggregate Stability

Organic matter also impacts the stability of soil aggregates. Aggregates are collections of different soil particles into a single unit that provide soil with its structure. Organic matter effectively binds the particles together and improves the manageability of the soil. Think of how difficult soil management would be if each particle existed as a discrete unit. In this lab we will examine several soil aggregates and observe the role of organic matter in their stabilization.

Part I.  Soil Organic Matter Content

1. Weigh 5g of your field surface soil and the high organic matter soil provided into  

    separate, weighed crucibles.

2.  Heat the crucibles over a Bunsen burner. To avoid material loss, do not stir.

3. Oxidation will be complete in about 20 minutes. During this interval we will discuss

    other aspects of the lab.

4.  Allow the samples to cool, and reweigh. Do not place hot crucibles directly on the lab

     bench; use the wire mesh pads provided.

5.  Determine the weight loss of your samples and calculate the percent organic matter.

6.  Save your soils. You will need them for subsequent exercises.

Part II. Aggregate Stability

Samples of different aggregates will be provided.

1. Place the aggregate in a shallow dish of water. Observe the disintegration of the 

    aggregate under the microscope.

2. Compare the behavior of the aggregates with your estimation of their organic matter 

    content based on color. Darker soils contain more O.M.

Part III. Cation Exchange Capacity
 

The contribution of organic matter to the cation exchange capacity will be determined from the difference in CEC between combusted and uncombusted samples.
 

                            Uncombusted CEC - combusted CEC = organic matter CEC
 

You will determine the CEC of 2 samples of the high organic matter soil, one combusted and the other, uncombusted. We will first saturate all the exchange sites with copper cations, and then remove the copper with ammonium cations. The copper concentration will be determined by developing a blue color with ammonium hydroxide and then accurately measuring the intensity of the color with a spectrophotometer. 

 

1. Place 3 g of the combusted and uncombusted soil into separate 125 ml flasks.
 

2. Add 20 ml of 0.01 M copper acetate and swirl for 1 minute. Copper will displace 

    resident cations on colloid surfaces.
3. Allow the flask to stand for 30 seconds, and then carefully pour off the supernatant  

    solution into a prepared filter funnel. Leave the soil and O.M. in the flask Repeat steps 2-3.
 

4. Add 20 ml of deionized water to the soil in the flasks. Swirl for one minute and then let 

    stand for 30 seconds.
 

5. Carefully pour off the supernatant solutions into the same filter funnels from step 3.

6. Repeat steps 4 and 5 and then discard the filtrates in the beakers (not the filter funnels).

7. Place large graduated cylinders under the funnels.

8. Stop and think. The soil exchange sites are now covered completely by copper cations, 

    and all the interstitial (between the particles) copper solution has been rinsed away.
9. Displace the copper cations from the colloid surfaces by adding 20 ml of 1 M   

    ammonium acetate to the soils in the flasks. Swirl for 2 minutes.
 

10. Transfer the entire contents of the flask to the funnel. Use your wash bottle to rinse 

      stray soil particles into the funnel.

11. If necessary, rinse the soils with deionized water until the total volume in the  

      graduated cylinder is 40 ml.
 

12. In the fume hood. Add 5 ml of concentrated ammonium hydroxide to the graduated 

      cylinder and cover with parafilm. Blue color develops under basic conditions in 

      proportion to the concentration of copper in the solution.

	Part III.  Cation Exchange Capacity

	 
Surface Soil
Bt Horizon
1. % transmittance
 
 
 
 
 
2. Copper concentration (mmoll/L)
 
 
 
 
 
3. Volume of leachate+NH4OH (L)
 
 
 
 
 
4. millimoles of copper (mmol)
 
 
 
 
 
5. millimoles of charge (mmol (+)
 
 
 Remember that copper carries 2 postitve charges
 
 
 
 
6. centimoles of charge (cmol (+))
 
 
         (there are 10 mmol in 1 cmol)

 
 
 
 
 
7. Weight of sample (g)
 
 
 
 
8. Weight of sample (Kg)
 
 
 
 
 
9. CEC (cmol (-) / Kg soil)
 
 



Part I.  Organic Matter Content

	 
	High O.M. Soil
	NATL Soil

	Weight of crucible (g)
	.
	.

	Pre-combustion soil weight (g)
	.
	.

	Post-combustion soil weight (g)
	.
	.

	percent organic matter
	
	


Part II. Aggregate Stability

Observations:
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	Chemical Movement in Soils
 

Some pesticides are cationic and, therefore, are subject to adsorption or exchange like any other cation. However, many pesticides and organic chemicals are uncharged. Nonetheless, they still can interact strongly with soil organic matter by the process of absorption.  Absorption occurs when a chemical enters a 3-dimensional matrix, or crosses a membrane (Thein and Graveel, 1997). Recall that adsorption occurs at surfaces. In this exercise we will study the impact of both adsorption and absorption (collectively called "sorption") on the activity of organic compounds in the soil using computer simulations and a brief lab exercise.
 

Recall that organic matter originates from the decomposition of the tissues of plants, insects, animals, and microorganisms. Thus, organic matter is essentially a mixture of carbon, hydrogen, oxygen, and nitrogen compounds. Within this hydrocarbonaceous matrix exists essentially two domains: 1) those that contain organic functional groups (e.g. COOH) which can dissociate and provide a source of negative charge on the organic colloid and 2) those that are predominantly uncharged. 

To understand the absorptive processes originating from soil organic matter requires that we suspend our knowledge of its adsorptive properties (domain 1) and focus on the second type of organic domain. In this exercise, we will examine organic matter properties in relation to their interaction with uncharged organic compounds.
 

. 
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magnified organic matter
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Naphthalene 

(uncharged organic

compound)
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High organic matter soil


Organic Pesticide Sorption

To understand the absorptive role of soil organic matter, it is sometimes helpful to personify the chemical compounds that exist in the soil environment, and to consider how comfortable a given compound would be in the soil solution.

Recall that the soil solution is aqueous and that water is polar: it has partial negative and positive charges on opposite sides of the molecule. Therefore, chemicals like Na+, Ca2+, Mg2+, etc. which are similar to water in terms of charge and polarity feel comfortable in aqueous solutions. These compounds and water can mutually orient so that they are electrically compatible. Recall how hydrated ions like Al3+ are surrounded by a sphere of water molecules with their negative charges pointing towards the cation. This compatibility is why many ionic compounds are highly soluble in water.
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Now, consider a molecule like naphthalene. Naphthalene has no charge; it is organic, made entirely of carbon and hydrogen with no unsatisfied bonds. It is essentially non-polar. Imagine such a molecule in aqueous solution. Water and chemicals like naphthalene are unable to mutually orient to any large extent and the chemical feels "uncomfortable" in water. 

Chemicals like naphthalene prefer an environment more like themselves: largely carbon and hydrogen. This environment is found in soil organic matter (hydrocarbonaceous matrix), and organic compounds like napthalene essentially "flee" to the soil organic fraction to escape their discomfort in water. The compound becomes absorbed in the soil organic fraction. The greater the discomfort in water, the greater the tendency to flee. This property can be expressed generally by a chemical’s solubility.

Chemicals that are not particularly soluble in water tend to be quite soluble in organic solvents. Consider grease on a dirty engine. Water cannot be used to remove the grease because it is not water soluble. The grease (comprised mostly of hydrogen and carbon), however, is soluble in mineral spirits or gasoline (also mostly carbon and hydrogen). The same is true of nail polish. Water generally will not remove nail polish, but acetone (again, carbon and hydrogen) will dissolve it.

Similarly, absorption of chemicals to the soil organic fraction is inversely proportional to their water solubility. In other words, weakly water-soluble chemicals are strongly absorbed to soil organic matter. Therefore, if we know how much organic matter exists in a soil, and the chemical’s solubility, we can predict their interactions to some extent. This gives us valuable clues to the mobility of certain chemicals in the environment. Soils have the ability to slow down the movement of some chemicals, or to arrest it altogether depending on the organic matter content and the properties of the chemical.

Absorption of organic pesticides also has the effect in some instances of protecting the chemical from degradation by microorganisms or sunlight.

Partitioning of Organic Chemicals Between Water and Soil 

As stated, soils strongly impact the mobility of organic compounds in the environment. In essence, when an aqueous solution containing an organic chemical comes into contact with soil, the chemical “partitions” between the two; some of the chemical remains in solution, and some is transferred to the soil.

The relative amount of the organic compound sorbed to the soil and remaining in solution is expressed by the partitioning coefficient, Kd. 

Kd  =               amount of chemical sorbed (g chemical/Kg soil)
           amount of chemical remaining in solution (g chemical/ L solution)

A Kd equal to 1 indicates that equal amounts of the chemical reside on the soil and in solution at equilibrium. A Kd of 100 indicates that 100 times more of the chemical resides on the soil compared to that remaining in solution. In other words, a high Kd value implies high sorption. Thus, the partitioning coefficient provides a measure of the strength of sorption of a given chemical to a given soil. 

If the same chemical were interacted with two different soils, the resultant Kd values obtained would also differ. This is due mostly to differences in the organic matter content of the two soils (where absorption takes place). Therefore, we cannot estimate the strength of adsorption of a given chemical in comparison with other chemicals from the Kd value unless they were all sorbed on the same soil.

This approach is obviously impractical, since there are thousands of organic chemicals and we would have to test them all on exactly the same soil. However, since we know that differences in Kd values for a single chemical that is sorbed on different soils are due mostly to differences in the organic matter contents, we can account for these differences by “normalizing” the Kd value to the organic matter content to yield an organic matter partitioning coefficient Kom.

Kom  =                           Kd                            .   =                    Kd          .                                       
              fraction of organic matter in the soil              % O.M. / 100

The organic matter partitioning coefficient is “unique” to the chemical, since the differences imparted by the varying organic matter contents of soils are considered in the parameter. This allows us to compare the strength of sorption of any number of chemicals, without direct consideration of the soils on which they are sorbed. 

Organic matter partitioning coefficients for organic chemicals are commonly reported in the literature, but more typically, the partitioning coefficient, Kd, is normalized to the organic carbon content of the soil. Carbon comprised about 50% of soil organic matter. Therefore, the organic carbon partitioning coefficient (Koc) is generally about twice the magnitude of the organic matter partitioning coefficient.

Chemical Movement in Soils

We will examine the impact of the organic carbon partitioning coefficent, Koc, on the movement of organic chemicals in the environment using a computer program that simulates various soil and chemical conditions. In essence, we will select specific soil-chemical combinations and study the impact of both on the movement of the chemical. Your instructor will demonstrate the various components of the model as well as its governing variables.

Exercise:  CMIS  Chemical Movement in Soils

Exercise 1
Simulate the movement of Dicamba on both soils. Then simulate the movement of Atrazine on both soils. Start the simulation on January 1. Ensure that the profile depth is 100 cm. Complete the table below.

Soil

Bulk Density

Field Capacity

O. C. content
      Porosity
Clay

Myakka F.S.

Chemical

Koc

t1/2

Dicamba

Atrazine

For Dicamba on both soils, pause the simulation on 1/20, 2/4 and 2/17. What is the water content of the 100 cm-deep profile assuming that the soil was dry at the beginning of the simulation? What is the approximate depth of penetration of the solute front as evidenced by concentrations greater than background.

Date
Solute Depth Myakka
   Solute Depth Clay
1/20
       

2/4
       

2/17
       

To what do you attribute the differences in downward movement of Dicamba for the two soils?

In an agricultural situation, what could be done to limit the downward movement of Dicamba?

For Atrazine, was there a significant difference in movement in the two soils. Why?

 Was there a difference in the behavior of Dicamba and Atrazine on the two soils? Why? 

How long did it take for Atrazine to reach the 50 cm depth compared to Dicamba. Why?

Exercise 2
Simulate the movement of Linuron on the two soils. Simulate the 

                        movement of Maneb on the two soils.

Soil

Bulk Density

Field Capacity

O. C. content
      Porosity
Blanton

Silt Loam

Chemical

Koc

t1/2

Linuron

Maneb

Were there differences in movement of Linuron in the two soils? What caused the difference? 

Were there differences in movement of Maneb in the two soils? Why? 

Did the two chemicals behave the same on either soil? Why or why not? 

How long did it take for Linuron to reach the 50 cm root zone for the two soils? For Maneb?  Are either of these chemicals likely to pose a significant leaching hazard? Why?

Discuss the relative importance of the chemical and soil properties in the movement of the two compounds in the two soils.

Exercise 3  Simulate the movement of both chemicals on one of the soils. Run the same  

                    chemicals on the other soil.

Soil

Bulk Density

Field Capacity

O. C. content
      Porosity
Blanton

Silt Loam

Chemical

Koc

t1/2

Linuron

Chlorthalonil

Which chemical showed the greatest downward movement in the Blanton soil on March 1? Why?

Suggest at least one reason why on April 1 a zone of high concentration (red) persisted for Linuron in the Blanton soil, but not for Chlorthalonil despite greater spreading of the chemical.

When movement of the two chemicals is simulated on the silt loam, are the chemicals moving with the water applied to the profile?

How did the results differ for the silt loam compared to the Blanton soil for both chemicals?

On April 11, why was there no region of high concentration for chlorthalonil, but not for linuron on the silt loam?

Exercise 4

Choose one combination of the soils and chemicals listed which would facilitate the greatest movement through a soil profile, and another combination to demonstrate the slowest movement. What criteria did you use for both the soils and the chemicals. Run the simulation and describe the results in terms of depth of solute movement at important times, the time it took for the solute to reach the 100 cm depth, persistence of high concentrations of the chemical, etc.

Soils       name = Fuquay Fine Sand

bd = 1.52


fc = 23.5


pwp = 12.9


oc = 0.34


name = Lakeland Fine Sand


bd = 1.52


fc = 10.0


pwp = 2.0


oc = 0.4


name = Myakka Fine Sand


bd = 1.55


fc = 19.0


pwp = 8.4


oc = 1.2


name = Orangeburg Fine Sandy Loam


bd = 1.61


fc = 30.27


pwp = 15.76


oc = 0.31


name = Tavares Fine Sand


bd = 1.45


fc = 7.0


pwp = 0.9


oc = 0.5


name = Blanton Fine Sand


bd = 1.45


fc = 16.4


pwp = 6.3


oc = 0.18


name = Troup Fine Sand


bd = 1.63


fc = 25.1


pwp = 11.8


oc = 0.19


name = Sand


bd = 1.63


fc = 12.1


pwp = 2.7


oc = 0.8


name = Sandy Loam


bd = 1.36


fc = 34.5


pwp = 9.3


oc = 1.39


name = Silt Loam


bd = 1.46


fc = 40.2


pwp = 24.5


oc = 1.57


name = Loam


bd = 1.31


fc = 35.1


pwp = 14.9


oc = 2.55


name = Clay


bd = 1.26


fc = 59.3


pwp = 18.2


oc = 1.1

        Chemicals
name = Achephate




koc = 2




halfLife = 3




name = Anilazine




koc = 1000




halfLife = 1




name = Atrazine




koc = 100




halfLife = 60




name = Benomyl




koc = 1900




halfLife = 67




name = Captan




koc = 200




halfLife = 3




name = Carbaryl




koc = 300




halfLife = 10




name = Chlorothalonil




koc = 1380




halfLife = 30




name = Chlorpyrifos




koc = 6070




halfLife = 30




name = Diazinon




koc = 1000




halfLife = 40




name = Dicamba




koc = 2




halfLife = 14




name = DCPA




koc = 5000




halfLife = 100




name = Fonofos




koc = 870




halfLife = 40




name = Linuron




koc = 400




halfLife = 60




name = Malathion




koc = 1800




halfLife = 1




name = Maneb




koc = 2000




halfLife = 70




name = Mecoprop




koc = 20




halfLife = 21




name = Metalaxyl




koc = 50




halfLife = 70
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Soil Acidity and pH
 

Acidity is determined by the presence of hydrogen ions (or, more accurately, hydronium ions, H30+). Hydrogen ions can be considered as hydrogen atoms that have been stripped of their only electron. This is why hydrogen ions frequently are called "protons" and have a positive charge. Hydrogen ions, or protons, are widely reactive and, thus, acidity is an important environmental (and everyday) consideration. Recall that hydrogen is a constituent of water, making it a key component in any aqueous solution, like the soil solution. 
 

Acidity is determined by the concentration of hydrogen ions in a solution. The scale used to measure acidity is the pH scale, which is simply a mathematical translation of the hydrogen ion concentration (-log (H+)). Therefore, if the hydrogen ion concentration (H+) is equal to 1x 10-6 g/L, the pH of the solution is 6, because the -log of 1x 10-6 equals 6. Consult your instructor or review logarithms if necessary. Notice that as the hydrogen ion concentration increases, the pH decreases; thus, low pH indicates high hydrogen ion concentrations and high acidity. Measurement of soil solution pH is a measurement of active acidity. Another kind of acidity, reserve acidity is discussed below. Of all the ions in soil solutions, only H+ and Al3+ are considered acidic. The hydrogen ion has already been discussed. Aluminum ions are considered acidic because they tend to be abundant in many soil minerals and they can produce hydrogen ions, or protons, through hydrolysis as described below.
 

Cation Exchange and Acidity
 

H+ and Al3+ are both cations; thus, they are subject to exchange like any other cation. The H+ and Al3+ ions held at colloid surfaces are termed exchangeable, or reserve acidity. Therefore, the exchange complex can serve as a storehouse, or reservoir for soil acidity. One of the principal implications or this property is the ability of the soil to buffer pH. In essence, as H+ or Al3+ ions are added to, or removed from the soil solution, they can become part of, or removed from exchange sites. Therefore, the pH of the soil solution will not change as much as it would without the soil exchange reservoir. Exchangeable acidity can also be displaced into solution by other cations like Ca, Mg, K, etc. if available in sufficient abundance.
	Hydrated Al3+
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              Hydrolysis
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Soil Acidity 

Total soil acidity includes both active and reserve acidity. Recall that measurement of soil solution pH yields the active acidity, and acid cations (H and Al) associated with cation exchange sites is called the reserve acidity.

Total acidity = Active acidity + Reserve acidity

The contribution of aluminum to soil acidity is an important one, particularly in Florida. The hydrolysis reaction illustrated above potentially can occur up to three times to yield three hydrogen ions, contributing significant acidity to the soil solution.






                                                   Subsequent Hydrolysis

                  5 waters



The acid produced as well as the aluminum ion, itself, can reside on the exchange complex and is, therefore, termed “exchangeable” or “reserve” acidity. The term “reserve” derives from the fact that acidity associated with the exchange complex, in effect, can stand in reserve to combat changes in soil solution pH. In other words, if acidity is removed from solution, for example, by liming, reserve acidity from the exchange complex can replace it, and the solution pH will not change as readily. The ability to supply acidity to the soil solution in this manner is called the buffering capacity. Thus, the greater the amount of acidity associated with the exchange complex on soil colloids, the greater the buffering capacity. This capacity is ultimately determined by the nature of the colloids and the presence or absence of other exchangeable cations. If soil colloids possess a large number of exchange sites, high buffering capacity will be favored. However, if those sites are overwhelmingly occupied by cations other than hydrogen or aluminum buffering capacity would tend to be somewhat lowered. It is therefore important to consider both factors when considering reserve acidity.

Liming and Reserve Acidity

Carbonate minerals are frequently added to soil to increase the pH for crop growth. Calcium carbonate is a common liming material.


The carbonate anion (CO32-) produced from the dissolution of calcium carbonate reacts readily with hydrogen ions to produce the bicarbonate ion, neutralizing the acid.


This consumption of hydrogen ions means that fewer remain in solution, and the pH increases. However, the calcium cations associated with the dissolved calcium carbonate also can displace hydrogen from the exchange complex back into the soil solution, which tends to maintain, or buffer, the pH near its previous levels.

                                                                                          Calcium in solution

After neutralization

of active acidity,


Following exchange,






Likewise, when acid is added to the soil solution, it also is subject to exchange. H+ can be adsorbed onto the exchange complex, which limits its ability to impact soil solution pH.

Thus, the exchange complex of soils can function as both a source or sink for soil acidity. When the solution acidity (active acidity) is increased, the exchange complex acts as a sink for acid cations. Conversely, when active acidity is decreased (liming), the exchange complex acts as a source for acid cations. In either case, the soil pH does not change as much as otherwise would be expected. It is buffered against change. 

Liming and the Exchange Capacity

Since, both types of buffering are dependent upon the exchange capacity, soils with high clay and organic matter contents tend to buffer pH most effectively. This expeciallly important to remember when considering how much lime to add to the soil to achieve a desirable pH. More lime is needed than would be indicated by a simple measurement of active (soil solution) pH. The reserve acidity also must be considered.

Assume that a soil is at equilibrium with respect to pH. If that equilibrium is disturbed by liming, the exchange complex responds by moving reserve H+ into solution. Therefore, to properly lime the soil we must have knowledge of the reserve acidity. Consider a soil with a CEC of 10 cmol(-)/kg or 100 mmol(-)/kg. If 10% of the exchange sites contain H+, then there are 1 cmol or 10 mmol of exchangeable hydrogen available. To neutralize all of this reserve acidity would require an equivalent amount of base. The carbonate in calcium carbonate is such a base.


Thus, we require 10 mmol of calcium carbonate per kg of soil (same as the amount of acid) to neutralize all of the reserve acidity. 1 mmol of calcium carbonate weighs 100 mg (periodic table), so we need 1000 mg (or 1 g) of calcium carbonate for each kilogram of soil.

              10 mmol CaC03     x       100 mg         x        1 g    =        1 g CaCO3
                      kg of soil              mmol CaC03        1000 mg             kg soil

The weight of soil in one hectare furrow slice (one hectare in area and 15 cm thick) is 2,242,000 kg.

               1 g CaC03     x    2,242,000 kg soil      =     2,242,000 g  or 2242 kg CaCO3
                 kg soil            1 hectare furrow slice                  hectare furrow slice

This is in addition to the acidity associated directly with the soil solution (active acidity). Therefore, to account for all the acidity in the soil we would add up both the reserve acidity and the active acidity (from a simple pH measurement) to determine the amount of lime to add to achieve a given pH. In a real agricultural or horticultural situation, it would not be necessary to account for all of the reserve acidity to achieve a desired pH; this is simply an illustration. Our job in the lab today will be to determine the amounts of active and reserve acidity in our soils. Since we already know the CEC of these soils, we will also be able to determine what percentage of that exchange capacity is occupied by acid cations.

Determination of the active acidity is straightforward. We will simply measure the pH of the soil solution in a prescribed manner. More significant is the determination of the reserve acidity. We must displace acid cations from the exchange sites with another cation and determine their number. Therefore, we will flush the soil with a strongly adsorbed cation, barium, and collect the displaced hydrogen.

                                         barium acetate solution




                                    Soil

                                         H+  and Al

To determine the amount of exchangeable acidity displaced by barium requires that we titrate the resulting leachate. Sodium hydroxide is added dropwise to the solution to which a pH indicator has been added. The indicator, phenolpthalein, turns pink at pH 7, indicating that the solution is neutral. At neutrality, the molar concentration of hydrogen equals the molar concentration of hydroxide. Therefore, based on the amount of hydroxide that was added to achieve neutrality, we can compute the amount of hydrogen that was originally in solution from leaching of the soil.

For example, if 30 mL of 0.01 M NaOH was used in the titration, we can calculate the amount of H+ neutralized.

                 30 mL   x   0.01  mol OH-    x      1 L          =    0.0003 mol OH-    

                                          L                       1000 mL

Remember that at neutrality the molar concentration of H+ = OH-. Therefore, 0.0003 mol (or 0.3 mmol) H+ was in the original titrated solution. This is the total acidity (active + reserve). To determine the reserve acidity alone, we must subtract the contribution of the active acidity from our result above. Recall that the active acidity is that associated with the soil solution before exchange with barium. We measure this with a pH meter.

Determination of Active Acidity

Active acidity is simply the hydrogen ion concentration in the soil solution. The soil may appear to be dry, but there are thin films of water associated with the soil particles that contain acid cations. This acidity can be measured with a pH meter. The determined pH can be converted to the hydrogen ion concentrated by the simple formula:   (H+)= 10(-pH) (g/L)
 

1. Weigh  5 g of your NATL surface surface and Bt horizon soils into two  

    separate beakers. 
 

2. Add 15 mL of deionized water. Stir, and let stand for 3 minutes.
 

 3. Carefully pour off clear supernatant into the small plastic beakers provided.
 

4. Measure the pH of the soil solution. Follow the proper protocol for the pH meter to 

    avoid contaminating your solutions.
 

5. Convert the pH to hydrogen ion concentration: (H+)= 10(-pH) (g/L).

6. Repeat the experiment using 0.1 M KCl instead of water in step 2. 
Determination of Reserve Acidity

Reserve acidity is the hydrogen ion concentration associated with soil cation exchange sites. We must, therefore, displace the H+ ions from soil colloids and then measure their concentration. We will use barium from Ba(C2H3O2) to displace the reserve acidity from two soils. 
 

BaC2O4 Method
 

1. Weigh 10 g of the surface and Bt horizon soils into 2 small beakers.
 

2. Add 20 ml of 0.5 M Ba(C2H3O2)2 solution to each, swirl and let stand for 3 minutes. 

    In this step, barium is displacing the exchangeable acidity.
 

3. Quantitatively transfer the soil and solution to a prepared filter funnel, collecting the 

    leachate in 100 ml graduated cylinders..
 

4. Rinse the soils in the funnels with deionized water until 40 ml of leachate is 

    collected.
 

5. Transfer the solutions to 2 clean flasks and add exactly 10 drops of phenolpthalein to 

    each solution.
 

6. Titrate the solutions by adding 0.01 M NaOH dropwise from the buret. Remember to 

    swirl the solution in the flask. Add NaOH until a permanent pink color develops.
 

7. The barium cation is slightly acidic. Therefore, the acidity of a blank solution that 

    has not been passed through the soil will be titrated by your instructor. It will be 

    necessary to subtract the H+ concentration of this solution from the soil leachate H+ 

    concentrations to determine the contribution of the barium solution, itself, to acidity. 
 

8. Record your data.
 

The H+ concentration you determine from your soil leachates will be the total acidity (reserve + active). To determine the reserve acidity alone, it is necessary to subtract the active acidity from Part 1.
 

 

	Part 1.  Soil pH and Active Acidity
Surface soil
Bt horizon

1.

Soil Weight (g)
 

 

2.

Water volume (L)
 

 

3.

Measured soil pH
 

 

4.

H+ concentration (mol/L)
 

 

5.

H+ concentration (mol/g soil))
 

 

 

	Part 2.  KCl Method
1.

 Surface soil

Bt horizon soil

2.

Soil Weight (g)
 

3.

Measured soil pH
 

4.

pH from Part 1.
 



	  

Part 3.  Barium Acetate Method
Total and Reserve Acidity
Surface Soil
Bt horizon
 
 
 
1.

Weight of soil, g
10
10
 
 
 
2.

NaOH concentration (mol/L)
 
 
3.

OH- concentration (mol/L)
 
 
 
 
 
4.

NaOH added to soil leachate, ml
 
 
 
 
 
5.

NaOH added to Ba(Ac) blank, ml
 
 
 
 
 
6.

NaOH required for Neutralization (ml)
 
 
7.

OH- required for neutralization (mol) 
 
 
 
 
 
8.

Concentration of H+ in leachate, (mol)
 
 
 
 
 
9.

Total acidity = H+ per gram of soil (mol H+/g soil)
 
 
10.

Active acidity from part I (mol H+/g soil)
 
 
11.

Reserve H+, mol H+/g (total - active acidity)
 
 
 
 
 



Guide to Tables

Table 1.

1. Enter soil weight.

2. Enter volume of water added.

3. Enter the measured soil pH to 2 decimal places.

4. Calculate the H+ concentration on a solution volume basis (H+ = 10-pH).

5. Determine the H+ concentration on a soil weight basis. (#4 x vol. Soln. = mol H+)

Table 3.

1. Enter soil weight

2. The NaOH concentration is 0.01Molar.

3. There is one mole of OH in each mole of NaOH.

4. Enter the volume of NaOH used in the titration.

5. Enter the volume of NaOH used to titrate the barium acetate solution.

6. The volume of NaOH used in the titration - that used to titrate the barium solution.

7. Determine the molar amount of NaOH used in the titration based on #2 and #6. 

    Remember, there is one mole of OH in each mole of NaOH.

8. At neutrality, (H+) = (OH-).

9. Determine the moles of H+ based on #8 and #6. Divide this by the weight of soil.

10. Subtract the mol H+ associated with active acidity (table 1) from that determined 

      from #9. Check your units.
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Soil Survey Reports
 Soil Survey reports are extremely useful tools (and products) of soil and water science. Essentially, soil survey reports provide geographically referenced information about the soils and landscapes of a particular area. In Florida, the statewide soil survey is broken down by county. The reports provide inventories of Florida soils and soil resources through the use of maps, tables, and descriptions which can be used by farmers, engineers, planners, etc. to make judgments relative to land use. Information regarding the fitness of land for various uses is also addressed.
 Preparation
 

Based upon soil sampling, landscape interpretation, and lab data, the National Cooperative Soil Survey (part of the NRCS and USDA) has identified soil boundaries on aerial maps. The Soil and Water Science Department faculty and staff were closely involved in this effort. Much of the data analysis and soil classification were performed by people here at U.F.

Features

Soil Surveys are remarkably comprehensive given the range of issues they must address. In addition to general information about each county (size, economy history, demography, etc.), soil surveys also provide information relevant to crops, pasture, forest management, recreation, wildlife habitat, and engineering. These interpretations are based on a catalogue of soil physical and chemical properties derived from direct soil sampling and analysis throughout the county.
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Legal Descriptions

An essential element to utilizing a soil survey is geo-referencing. Soil and landscape information is fundamentally useless without a system to relate it to a position on the earth. This currently is done more accurately with global positioning systems, but for a soil survey, it is accomplished through a descriptive hierarchy. The state of Florida is essentially broken down according to a serial grid system of progressively greater resolution based on a coordinate system with its origin in Tallahassee. The major axes for the overall grid are called the principal meridian (North-South reference) and the base line (East-West reference). 




Parallel to each of these two lines are two sets of additional reference lines called towns and ranges spaced at 6-mile intervals. They define a 36 square mile area called a township.  



Notice how the townships are defined by the intersecting range and town lines. For example, the township shaded above is defined as “town two south” (T2S), “range two west” (R2W). Townships are further subdivided into 36 sections with areas of 1 square mile each.

                                                         Township



Each section (640 acres) is further subdivided into a series of quadrants, which, in turn, are subdivided similarly. This process continues until the desired resolution is achieved.






The system of legal description in Florida is arcane and not simply intuitive. In terms of general usage, it is somewhat imprecise and confusing for the uninitiated. However, you are now among the initiated. This is an essential function of higher education.  Determine to understand this system, both for its own sake, and for the potential benefits such knowledge can bring.

Overview of a Soil Survey

Overall, soil surveys are well designed and easily understood. The chief key to their use is to study the various indices and summaries contained in the first few pages. These provide all the information necessary to effectively navigate the soil survey. The Table of Contents provides the basic overall direction you would expect. When looking for specific information it is generally the place to begin. The Index to Map Units provides direction regarding specific soil information. Map units are delineated areas on aerial photos that are deemed to contain similar soil attributes. They are alphanumerically designated based on the dominant soil in that particular area, but they typically contain more than one soil type. For example, in the Alachua County Soil Survey, map unit 8C contains Millhopper sand with a 5 to 8 % slope. Millhopper is the soil series designation, sand is the textural class, 5 to 8 % slope is called a soil phase. This map unit is delineated in many areas of Alachua County, so you will see it on a number of soil maps. In other words, it is not particular to a single location.




The Summary of tables is perhaps the most useful reference tool of a soil survey. It includes references to climate, acreage, development, management, chemical and physical properties, mineralogy, and soil classification. It is in essence a comprehensive guide to the use and classification of soil within the landscape.

Beyond these summaries and tables is a wealth of soil and landscape information for Florida’s counties. We will examine some of these features in a lab exercise that requires students to investigate specific areas of the state relative to land use. Come to lab with an area of interest in mind. You will be expected to evaluate this area in relation to its suitability for various uses, for example, recreational development or wildlife habitat. Your instructor will review the various components of navigating a soil survey, and assist you in your evaluations.
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Geographic Information Systems

Geographic information systems (GIS) facilitate the storage, retrieval, display, and analysis of geographical information.  Every day, environmental scientists, agriculturists, foresters, teachers, and many other professionals around the world collect information about the Earth. Geographical information systems enhance our capability to store, retrieve, display, and analyze this information.

You will learn the fundamental components of a GIS in this exercise. We will illustrate data structure and display capabilities of a GIS by utilizing soil data collected at the Natural Teaching Laboratory (NATL). You will be asked to incorporate knowledge gained in previous laboratory exercises and attempt to understand some of the factors affecting soil properties, as well as their relationships within the landscape. This exercise will utilize ArcView GIS software-generated maps as a tool for landscape analysis

Introduction

The capabilities of (GIS) extend much further than other automated graphical design programs such as CAD (Computer Aided Drawing). GIS has the capability to store, retrieve, analyze, and display geographical information that sets it apart from CAD systems.  Also, the inherent advantage in using GIS for spatial/landscape analysis lies in its ability to incorporate accurate positioning on the Earth surface by using Global Positioning systems (GPS).  GIS also is able to incorporate ancillary data collected from a remote sensor, such as a satellite, in order to help us make different types of landscape analyses. Interpolating techniques and data querying capabilities of GIS software allow users to better describe patterns present in the landscape that otherwise would be difficult to detect.  Finally, maps are frequently the final product GIS analyses, their importance in transmitting information about the world is of utmost importance and deserves a great deal of attention.  

Several national and international institutions have attempted to define GIS.  A rather useful definition found in the literature is that of the United States Geological Service (USGS), who has defined GIS as “a computer system capable of assembling, sorting, manipulating, and displaying geographically referenced information”. All common computer systems such as PCs and UNIX are capable of storing data and performing GIS analyses.  

Spatial Information

GIS systems require accurate positional information to function in landscape analysis (you cannot analyze the landscape if you do not know where you are in it!).  This precise positional information is provided by Global Positioning Systems (GPS).  A GPS consists mainly of an array of satellites orbiting the Earth and a receiver stationed on the Earth surface, in the water, or in the air.  Satellites communicate with these receivers to provide accurate latitude, longitude, and elevation (x, y, and z positions, respecitvely) on the globe with potential sub-centimeter accuracy. Global positional systems are a major component of any GIS.


Another component of a GIS (or data input to a GIS) is data obtained from a remote sensor (RS).  Remote sensors can be thought of as technology capable of “measurement or acquisition of information of some property of an object or phenomenon, by a recording device that is not in physical or intimate contact with the object or phenomenon under study”(ASPRS definition).  Types of remote sensors vary is size and type.  Aerial photographs and images obtained from a orbiting satellites are both examples of remotely sensed data.  Satellite-borne sensors not only obtain data from the reflected visible spectrum of light (Red-Green-Blue), but also from regions of the spectrum that we do not see (i.e. infrared, and near infrared).  For example, some sensors are capable of sensing heat emission from the Earth as shown above for Alachua County.

As soil scientists move from laboratory techniques, which allow them to understand natural processes, to landscape-level patterns, which allow greater understanding of how such processes may be occurring or varying in nature, GIS has proven to be a powerful tool to connect laboratory experimentation with landscape-level processes.  Soil formation and genesis, erosion potential, chemical movement, soil texture and particle size distribution, soil water content and movement, etc. within a landscape can now be better represented and analyzed utilizing GIS. 
Overlay Analysis

Overlay analysis allows us to integrate various landscape features into a single visual framework. It consists essentially of combining two or more layers of landscape attributes  (zoning, land cover, soils) into a single composite like that shown below.

Overlays assist us in correlating various attributes relative to their spatial context.

Interpolations

Interpolation is the assignment of value to a point that has not been measured, based on its proximity to a point whose value is known. Consider the example below.





If point X is 20 meters away from point A, we would guess from interpolation that the organic carbon content at point X is 3%. This is the most simple form of interpolation. 

GIS software has the ability to perform more complex interpolations called “inverse distance weighted interpolations”. This means that because point A is much closer to point X than  is point B, it will influence the value of organic carbon of point X more strongly. In other words, the closer an unknown point is to a known point, the more it will be influenced by that known point. So, the weight (influence) given to point A in the interpolation will be greater than that for point B–the amount of influence is inversely related to the distance (inverse distance weighting). Arcview can consider the influence of many points simultaneously in order to achieve the best estimate for the unknown value.

We will use both overlays and interpolations in this lab exercise. Following your analyses, you will also produce maps to illustrate the relevant concepts.

GIS and GPS

Read the following two articles outlining the basics of geographic information systems and global positioning systems. 

Soil                Diameter        Specific Surface


Separate         (mm)               area (cm2/g)





Sand             2.00- 0.05                30


Silt                0.05-0.002             1,500


Clay                 <0.002              3,000,000
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Due to the settling of particles,


the density of a soil suspension


changes with time.





The cylinder on the left 


represents the condition


moments after soil was added





The cylinder on the right shows


the condition at sometime later,


after some of the soil has settled


out of suspension.





Scale markings on the stem allow 


direct reading of the suspension 


density in g/L. The scale reads


zero in pure water at 18 oC.
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Sample container





Force up  =  2Πr (circumference)





Force down =  Пr2 (area)  





The force up due to adhesion around the


circumference of the tube is directly 


proportional to the radius, but the force


down exerted by the weight of the cylinder of water with radius, r, grows with the square of the radius. 





Therefore, for larger tubes, the force 


down more quickly overcomes the force 


up, and water can not rise as high.





Small pores (clays) attract water more 


strongly than do large pores (sands).
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The soil core is open at the top


and bottom. The greater the


suction applied, the greater the


amount of water that is 


removed from the core and


the smaller the pores from 


which it is removed.





For each increment of suction


applied, the core is removed


from the porous plate and 


weighed.  Weight loss indicates


the amount of water that has been removed.
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*see discussion in text
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Equivalent surface depth makes it simpler to compare 


rainfalls or to visualize water depletion from the profile.





ESD (cm) = vol. Fraction of water x sample thickness (T)





Percent water by volume divided by 100





The soil resists the flow of water based on all of the above variables. An abundance of small pores like those in a clayey soil requires that water take a more tortuous path than might be required by a sandy soil. The “tubes” through which water flows are also narrower. Large area (A) for flow increases flow rate.  Lastly, the higher the level of water in the tube above the soil, the faster it will flow. 
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The soil in the core resists the flow of water. The amount of resistance is related to the soil texture.





An abundance of small pores like those in a clayey soil requires that water take a narrow, more tortuous path than might be required in a sandy soil.
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The same is true for the water pressure exerted on a soil core. The higher the water level in the tube, the greater the pressure on the core, which allows water to flow more quickly.
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NH4+ cations displace copper from exchange sites.
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Hydrated Al3+ atom.





A water molecule with partial positive and negative charges due to unequal electron distribution in the molecule.





The oxygen atom draws electrons to itself more readily than do the H atoms creating the imbalance. This is called a dipole.
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Dissolution of calcium carbonate





Neutralization of acid





CO32-  + H+  =  HCO3-











K H H


Mg H  H


H Na





H





H





Ca  Ca  H   HCO3-     


HCO3-  Ca  HCO3-     


Ca  Ca  H  HCO3-   





Hydrogen on 


the Exchange 


complex











H  Ca  HCO3-     H HCO3-   Ca  H H  H


H  H  H  H





Additional calcium


On the exchange 


complex after


displacement of hydrogen into solution.





Ca





H





Ca H Mg


H H Na


Ca Ca





Increased acidity in solution





CO32-  + H+  =  HCO3-





Ba+  Ba+


     Ba+








100 m





B





A





Organic carbon





1%





11%





Notice that the change in organic carbon per unit distance is 1% per 10 m.
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