SOIL MOISTURE RETENTION
AND SOIL MOISTURE CALCULATIONS

LABORATORY EXERCISE #5

OBJECTIVES:

1. Know the definitions of oven dry, saturation, evapotranspiration, permanent wilting point, field capacity, macropore, micropore, and available water content.

2. Know how to calculate bulk density, soil water content (by weight and by volume), available water percentage, percent pore space, volume of macropores and micropores.

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

SOIL MOISTURE CALCULATIONS

1. Understand the concepts of available water, gravitational water, % macropores, % micropores, total % pore space, and bulk density.

SOIL MOISTURE

Both physical and chemical properties of the soil can change as moisture conditions change. There are three moisture terms that you must be familiar with in order to understand the relationship between soil water and plant growth (see Figure 1). First, you must remember that a soil consists of soil particles and pore space. Within the pore space is soil water and gases such as oxygen (O2), carbon dioxide (CO2 and dinitrogen (N2). When all of the pore space is filled with gases, the soil is said to be oven dry. An oven dry soil is defined as a soil that has been dried at 105°C until it reaches constant weight.
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Again, an oven dry soil contains no water. On the other extreme is a saturated soil such as following a heavy rain or during irrigation. A saturated soil has all of the pore space filled with water. At this point the soil is at its maximum retentive capacity.

Following the rain or irrigation, a portion of the water will drain from the soil due to gravity. After two to three days the gravitational drainage will become negligible. At this time the soil is said to be at field capacity. All of the water had drained from the macropores and has been replaced by gases. The remaining water is found in the micropores and the water drained from the soil was lost from the macropores. The micropores are small enough that the adhesive and cohesive forces holding the water to the pore wall are stronger than the gravitational force trying to drain the soil. Although there is no clear size specification of the pores, generally pores larger than 0.06 mm are considered macropores, and those smaller than 0.06 mm are micropores. The volume of the pores can be calculated. The volume of the macropores is equal to the volume of the water that has drained from the saturated soil to reach field capacity. The volume of micropores equals the volume of water remaining in the soil at field capacity.

Most of the water that plants absorb from the soil is lost through evaporation at the leaf surfaces. Simultaneously water is evaporated from the soil. The combined loss of water from the soil and from plants is termed evapotranspiration. As the soil dries, plant available water decreases. The initial response of plants is wilting. At the first onset of wilting, most plants can recover during times of reduced evapotranspiration (i.e. night). As the soil continues to dry, the plants reach a point at which they cannot recover during periods of reduced evapotranspiration. The plants are then in a permanently wilted condition. The soil moisture content of the soil when plants no longer can recover from daytime wilting is called the permanent wilting point.

Another soil moisture term is plant available water. This is calculated by subtracting the water content at field capacity from the soil water content at the permanent wilting point.  The relationships among the different types of water and different types of pore space are shown in figure 2. Use this diagram to help you understand these relationships.
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Figure 2. The relationship between types of water and macro/micropore space.

Soil water calculations may be done on either a weight or volume basis. Most of the calculations are first done on a weight basis and then converted to a volume basis. Volume measurements are important because a plant does not grow in a weight of soil, it grows in a volume of soil. Volume measurements are also important because when we are dealing with pore space, we are working with volume of pores, not weight of pores. Unless it is specified otherwise, perform all calculations on a volume basis.

LABORATORY ACTIVITY
MOISTURE RETENTION EXPERIMENT

This exercise will be done over two laboratory periods, and is designed to examine the effects of soil type and bulk density on soil moisture retention.

1. Label a cup with your name, section number and lab time. Weigh the cup and record the weight.

2. Measure 150 ml of water using a graduated cylinder. Pour the water into the cup and mark the water level. Pour the water out of the cup.

3. Fill the cup with your soil sample to the line marked in the cup so that you have 150 cubic centimeters of soil. Tap the cup to settle the soil and add more if needed.

4. Punch several holes in the bottom and sides of the cup so that the soil can drain. Be sure that the holes are small so that the loss of soil is minimal. Place filter paper in the bottom of the cup.

5. Weigh the cup and soil and record on the work sheet.

6. Saturate the soil, weigh and record the saturated weight.
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●    Using the procedure described above, we have determined the necessary information for three soils (a sand, a silt loam, and a clay).  Now you must fill in the blanks and determine bulk density, volume of pores, etc.  If you get stuck on a calculation, please look at the procedure described above for help.  Fill in the table below.  

	 
	Soil #1 - Sand
	 Soil #2 - Silt Loam
	Soil #3 - Clay

	Weight of cup (g)
	7.04
	7.06
	7.08

	Cup + soil (g)
	220.6
	195.6
	205.6

	Weight of soil (g)
	 
	 
	 

	Volume of soil (cm3)
	150
	150
	150

	Bulk density (g/cm3)
	 
	 
	 

	Weight of water + soil + cup (g) after saturation
	289.5
	336.4
	396.4

	Volume of water (cm3) = all pores
	 
	 
	 

	Weight of water + soil + cup (g) after 2 days (Field Capacity)
	275.6
	275.4
	312.7

	Volume of water (cm3) = micropores
	 
	 
	 

	Weight of water + soil + cup (g) after 5 days (Wilting Point)
	234.2
	221.5
	231.9

	Volume of water (cm3) = water remaining
	 
	 
	 

	Weight of water + soil + cup (g) after drying in the oven (Oven Dry)
	220.8
	195.6
	205.7

	Volume of water (cm3)
	 
	 
	 


CALCULATIONS

1. Bulk Density =  Oven Dry Weight of Soil (g)



Volume of Soil (cm 3)
2. Soil moisture content is calculated on either a weight basis or a volume basis.

3. % Moisture (Weight Basis) = 100 x  (Moist Soil Wt. - Oven Dry Soil Wt.)
(Oven Dry Soil Wt.)

4. % Moisture (Volume Basis) = 100 x  (Moist Soil Wt. - Oven Dry Soil Wt.)
(Soil Volume cm3)

5. % Moisture by volume can also be calculated by multiplying the % moisture by weight times the bulk density

LABORATORY ACTIVITY #2

SHOW ALL CALCULATIONS AND PUT UNITS WITH ALL NUMBERS.

1. Weight of Oven Dry Soil =800 g
Weight of Soil at Permanent Wilting Point =900 g 
Weight of Soil at Field Capacity = 1000 g 
Weight of Soil at Saturation =1220 g
Volume of Soil =550 cm3
a. What is the bulk density?

b. What is the % gravitational water? (by weight and volume)

c. What is the % water at field capacity? (by weight and volume)

d. What is the % water at the permanent wilting point? (by weight and volume) 

e. What is the % water at oven dry? (by weight and volume)

f. What is the % available water? (by weight and volume)

g. What are the % macropores and micropores?

2. A wet soil weighs 55 lbs and when oven dry weighs 40 lbs. What is the % moisture? Assume that this sample represents the moisture conditions for an AFS. How many pounds of water are in that AFS? (An AFS = 2,000,000 lbs of soil)

3. A soil weighs 150 g when wet and 100 g when oven dried. What is the percent water in that soil (wt basis)? If the soil has a bulk density of 1.6 g/cc, what would the percent water be on a volume basis?

4. Assume that a farmer wants to produce 6 tons per acre of hay. The 7- acre field has a field capacity of 15% and a wilting point of 6%. The crop will extend its roots 1 foot into the soil and will use all of the available water in this volume of soil. The hay has a transpiration ratio of 500 lbs water/1 lb dry matter. It only rains 10 inches during the growing season, but the plants are able to use all of that water. How much irrigation water will have to be added (in both acre-inches and in pounds of water per acre) so that the farmer will meet the yield goal?

STUDY QUESTIONS

1. What effect does decreasing bulk density have on pore space?

2. What effect would increasing the number of root channels have on soil bulk density?

3. Which type of soil pores contain gravitational water?

4. Which type of soil pores contain plant available water?

5.  A moist soil sample weighed 135 grams.  When oven dried it weighed 95 grams.  What is the percentage of soil moisture by weight?  If the bulk density is 1.25 g per cubic centimeter, what is the percentage of soil water by volume?

Figure 1.  Moisture retention in soil
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