Course:
02.461
Physical Science Applications in Agriculture

Unit 2:
Natural Resource Systems
Lesson 3:
Soil and Water Relationships

QCC:
175, 180, 182, 189
Objectives: 

1. 
Define soil texture.

2. 
Define bulk density.
3. 
Demonstrate water-holding capacity.

4. 
Demonstrate the relationship between soil texture and water movement and water holding capacity.

5. 
Demonstrate the effect of texture, density, and porosity on permeability/infiltration rates.

6. 
Demonstrate how soil properties impact soil-water relationships.

Teaching Time:     

3 Hours
References:

Buriak, Philip & Edward W. Osborne. Physical Science Applications in Agriculture. 
Interstate Publishers, Inc. Danville, IL. 
Materials and Equipment:

Soils of varying textures, Buoyeous hydrometer, Tall graduated cylinder 1000 ml,    Dispersal agent - Calgon, Balance scales, Styrofoam cups, Blender

Overhead projector

Transparencies 2.3.1 - 2.3.4

Handouts 2.3.5B2.3.6

Teaching Procedure

Introduction and Mental Set  
Cut the tops off of three 2-liter coke bottles.  Fill one bottle with sand, one with clay, and one with 50% sand and 50% clay.  Punch drain holes in the bottom of all three bottles.  Pour equal parts of water in each bottle and measure the amount that drains from each.  Have students determine which soil has the best water holding capacity.

Here are some questions you may want to ask:

Which soil drains best?  Why?

Why is water-holding capacity important?

Which soil would be better suited for crop production?

What is soil texture?

Soil texture refers to the size of the particles in the soil.  It is determined by finding the percent sand, silt, and clay in a soil.

Discussion

1.
Have students investigate different soil samples by hand.  

Have students moisten and ribbon test each sample.  Have them write descriptions of each sample using their own words.


2.
Lead discussion on different samples with leading questions:

A.
What is in the soils that make them feel different?

B.
Which soils would be better to grow plants in?
3.
Introduce terms on p. 70 during discussions.  Have student’s copy into notebook.  Display and discuss transparency with them.
4.
Explain 3 particles that determine a texture.  Display and discuss transparencies 2.3.1 - 2.3.4. and handout 2.3.5B2.3.6.
A.
Sand

B.
Silt 

C.
Clay
5.
Conduct bulk density and porosity labs on each sample.  Discuss agricultural application regarding the differences of each sample.
6.
Conduct soil textures lab in text on page 71.  Relate results of bulk density lab, porosity lab and texture lab to transparency of ideal soil.  Which sample was the closest to ideal?
7.
Discuss ways to amend soil to change bulk density, texture and porosity.

A.
Tillage

B.
Commercial clay buster

C.
Compost

D
Natures helper amendment
8.
Problem solving activity
A.
Find spot on school grounds where bare soil is obviously compacted and depleted of any plant growth.  Point out erosion evidence.  Have students establish turf or bare spots.

B.
Facilitate:

· Students deciding to first test bulk density porosity texture of soil as is 

· Students deciding that current soil is not conducive to plant growth

· Students decide best way to alter soil: by Tillage or Amendments or both

· Recheck soil characteristics after amendments

· Plant and mulch new seeds or sod to cover

Summary
What is soil texture?

What is bulk density?

What is the relationship between soil texture, water movement and

water holding capacity?

How does texture, density, and porosity effect permeability/infiltration

 
rates?

How do soil properties impact soil-water relationships?

Evaluation

Written test

 

Laboratory activities


2.3.1


Flow Diagram for Estimating Soil Texture by Feel 
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NAME SIZE, DIAMETER
IN MILLIMETERS
fine gravel ——————________5_;
coarse samd ————— —— ——=—=7.00-0.50
medium saHd————————— — 0.50-0.25
fine samd —— —— —— ——_____ 0.25-0.70
ery fine sand ———————— — —_ 0.70-0.05
il ——————— 0.05-0.002

cay ———— — — —— less than 0.002





2.3.2














The Relative Sizes of Sand, Silt and Clay Particles
Instructional Materials Service, Ornamental Horticulture
2.3.3
Composition of Average Soil
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2.3.4
USDA Guide for Textural Classification
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2.3.5
Bulk density is the mass (grams) of dry medium per unit volume (cubic centimeter).  Calculate the bulk density of a sample of growing medium by dividing its oven-dry weight by the volume of the sample.  Soilless media for greenhouse crops should have a bulk density of 0.30 to 0.75 g/cm3.  A media bulk density of 0.60 to 1.2 g/cm3 is desirable for the production of nursery crops grown outdoors in containers.  A field soil may have a bulk density ranging from 1.25 to 1.50 g/cm3.  A growing media must be lightweight enough to handle, but be heavy enough to keep the container and plant from falling or blowing over.

Activity: Calculate the bulk densities of a soil sample and a soilless media sample.  Follow these procedures.

1.
Place dry samples of soil and soilless media in small containers.  Gently tap the media down in the containers until they are settled.  Do not force the media down any further than they will naturally settle.

2.
Record the weight of each sample. (1 pound = 454 grams)

Soil:








Soilless Media:





3.
Record the volume of each container. (1 gallon = 3785 milliliters) (1 milliliter = 1 cubic centimeter)

Soil:








Soilless Media:




4. 
Divide the weight of each sample (step 2) by its volume (step 3) to determine the bulk density of the sample.

Bulk density 
= weight of media
     volume of media

Bulk density of soil:




Bulk density of soilless media:


Record the bulk density of each sample in grams per cubic centimeter (g/cm3).  For example, suppose a half-gallon of your soilless media weighs 2 pounds.  The bulk density of the media is 0.479 g/cm3.  The calculations are shown below.

(2 lbs./0.5 gal) (454 g/1 lb.) (1 gal. /3785 ml) (1 ml./1 cm3) 
= 0.479 g/cm3 

2.3.6
Porosity is the amount of pore space in a given volume of growing medium.  Pore spaces are those openings in a medium that are not occupied by solid particles.  These spaces are occupied by varying proportions of water and air.  The amount of pore space is affected by the actual size of the particles in the medium.

Porosity is important for air exchange and water drainage in the growing medium.  Total porosity in a growing medium is equivalent to the sum of the air space and the pore space occupied by water particles.  Most soils and artificial media should have a total porosity of 40 to 60%.  In other words, about one-half of the volume of a given amount of medium should consist of water and air, while the other half of the volume should consist of solid particles.

The air space in a growing medium is the amount of porosity not occupied by water particles.  In a container, an artificial growing medium may have 10 to 30% air space based on the volume of medium in the container.  In the same container, field soil would have only 3 to 5% air space.

The water holding capacity of a growing medium is the ability of the medium to hold water against the pull of gravity.  It is the amount of water a growing medium can hold after all gravitational water has drained from the medium.  The water particles are held in the pores of the medium.  Based on volume, artificial media has a water holding capacity ranging from 35 to 50%.  Field soil has a water holding capacity of about 25%.

Activity: Determine the porosity and water holding capacity of a sample of growing medium.  Follow these procedures.

1.
Place a sample of dry growing medium in a paper bucket.  Record the volume of media placed in the bucket.

2.
Add water to the bucket until the surface of the medium glistens.  Record the total amount of water added.

3.
Determine the total percent porosity of the medium.  Divide the volume of water added (step 2) by the volume of dry medium in the bucket (step 1).  Multiply by 100 to determine the total porosity.

4.
Punch a hole in the bottom of the bucket and collect all the water that drains from the bucket.  Record the volume of water drained from the bucket.

2.3.6
5.
Calculate the percent air space in the media.  Divide the amount of water drained from the bucket (step 4) by the volume of dry medium (step 1).  Multiply by 100 to determine the percentage of air space in the medium.

6.
Determine the percent water holding capacity.  Subtract the percent air space (step 5) from the total percent porosity (step 3).  The calculated figure is the percent water holding capacity of the medium.

Shrinkage is the potential of a volume of growing medium to expand or shrink when it is watered and when it dries.  Growing media consisting of components that absorb water, such as peat moss or vermiculite, will expand when watered and shrink when dry.  After a length of time, shrinkage may also occur in media having high organic matter content.  In this case, the breakdown and decomposition of the organic components in the growing media cause shrinkage.

2.3.6
Particle Size Distribution Analysis
Particle size distribution analysis is the method by which the various soil separates in a soil sample are determined quantitatively.  Formerly called mechanical analysis, it is the procedure of sorting the inorganic soil particles into the three major size fractions, sand (2.0-0.050 mm), silt (0.50-0.002 mm), and clay (< 0.002 mm).  Two major steps in the analysis are dispersion and sedimentation.

Dispersion: A complete dispersion of the sample is one of the requirements of this analysis.  In most soil samples, the sand, silt and clay particles are cemented together into aggregates or granules by organic matter, clay or salts.  These aggregates must be disrupted into the individual particles and the latter suspended in water through a process called dispersion.  The dispersion must be strong, but not so drastic as to crush the soil separates.  Usually a reagent NaOH or Na PO3 (sodiummetaphosphate, or calgon) is added to enhance dispersion.  Final dispersion is affected by thorough shaking or mixing mechanically with a blender.

Sedimentation: After the soil sample has been dispersed, the different particle size fractions are then determined by sedimentation techniques using the Bouyoucos hydrometer or the pipette method.  In the Bouyoucos hydrometer method, the amount of particles in suspension is determined with a soil hydrometer designed to measure the amount in grams of particles in suspension.  In the pipette method, an aliquot of the soil suspension is sampled at a calculated depth with a pipette, dried and weighed.  For quantitative collection of the various fractions, the suspended material may be siphoned off at predetermined time periods, and dried.  All these methods of measuring and collection of soil fractions are based on the differential rate of settling of the individual particles from suspension, as formulated by the Law of Stokes=s:


V = 2 r2 (pp-pw) g
     9n
In which V (cm/sec) is the rate of settling of particles with an effective radius r (cm) and density pp (g/cm3) falling through a liquid medium with density Pw (g/cm3) and viscosity n (poise, g/cm/sec) under the acceleration of gravity g ( 981/sec2).  The law indicates that V is a function of the radius, hence the larger particles settle out fist.  Since pp, pw (p of water = 1), g and n are constants for a given temperature:

2 (Pp - Pw) g = k

  9n

2.3.6
The law of Stoke=s can be reduced into:

V =kr2
The value k is dependent on the temperature. In the case of water as the dispersion medium, the value k = 6000 at 25C. Using the reduced law of Stoke's, Bouyoucos found that all the particles >0.050 mm (sand) have settled out after 40 seconds, while after 2 hours only the clay fraction remains in suspension.

Inasmuch as the student will use the Bouyoucos hydrometer method in this exercise of particle size distribution analysis, the procedure is given below in detail.

Bonyoucos hydrometer method
Moisture must be determined previously on each soil, since all results must be calculated on an ovendry basis of soil. Placed quantity of air‑dry soil which is equivalent to 50 9 of oven dry material into a blender cup. Fill the cup with distilled water to within 2 inches of the top and add 1O ml of dispersing agent (for preparations of this reagent see note on page 63). Attach the cup to the blender or stirring machine for the specified time.

Pour and wash the contents of the dispersion cup into an A. S.T.M. soiltesting cylinder, and fill it to the proper level with distilled water. Mix the suspension thoroughly with a special stirring plate. All sediment should disappear from the bottom of the cylinder. Note (clock) the exact time, including the seconds, when stirring is stopped.

Carefully lower the hydrometer into the suspension, and read, to the nearest 0.5 scale division, the position of the top of the meniscus on the hydrometer stem exactly 40 seconds after the stirring was stopped. Remove and rinse the hydrometer, mix the suspension again and make a duplicate determination of the 40‑second reading. Determine and record the temperature of the suspension, after you have removed the hydrometer. Disturb the suspension as little as possible. A third hydrometer and temperature readings must be made after 120 minutes of settling time. Clean and dry all equipment.

At every hydrometer reading the temperature must be taken, since for each 1F variation from 68F (calibration temperature of most hydrometers), a temperature correction of 0.2 graduation is applied. For temperatures >78F the correction should be added to, and for below 68F subtracted from the hydrometer reading (see also note on page 63).

Discussion and calculation of results
The largest particles settle most rapidly. By reading the hydrometer at the end of 40 seconds, the time required for the sand to settle the quantity of silt plus clay remaining in suspension can be calculated. The quantity of sand can be determined by difference by assuming that % sand + % silt + % clay = 100%. The reading at the end of two hours gives the amount of clay remaining in suspension, while the amount of silt is found by difference. If needed, the amount of colloidal clay may be determined after a 24-hour period with a sensitive hydrometer. Record all data in data sheet 6, and determine the soil class name for each soil analyzed with the textural triangle.
2.3.6
Example of calculation

Hydrometer reading
Temperature
Corrected reading

40 sec.
25
78F
25 = 0.2(78-68) = 27.0 g.

2 hrs.
10
760 F
10 = 0.2 (76-68) = 11.6 g.

50 g. of soil (ovendry basis) have been used.  Calibration temperature of hydrometer: 68F.

% (silt + clay) 
=
27.0 x 100% 
= 54.0%

 50

% sand

= 
100 - 54.0
= 46.0%

% clay


=
11.6 x 100% 
= 23.2%




 50

% silt


=
54.0 - 23.2
= 30.8%
Soil class name: (from triangle): loam.
2.3.6
Name



     Period


Soil No. 1

Soil No. 2



40 seconds
2 hours
40 seconds
2 hours

Actual reading (grams)
12.9
14.8
23.9
13.8

Temperature (F)
75.5
70.0
78.0
76.0

Corrected reading
21
16.4
25.9
15.5

Soil No. 1:
%sand
 56%
% silt
10

%clay 34

Soil Class


Soil No. 2:
%sand
73.6%
% silt
11.4

%clay 15

Soil Class

Notes

1.
If the soil sample is especially sandy, an amount of soil equivalent to 100 9 of oven‑dry material should be used.

2.
Composition of dispersing agent varies depending on soil properties. Sodium hydroxide or sodium oxalate separately or in combination is frequently used. One of the most generally accepted materials is a buffered solution of sodium hexametaphosphate ("calgon") which will be used here. Dissolve 40 9 of calgon in 1 liter of distilled water. Use 10 ml of this solution in the analysis.

3.
Stirring time is determined by the relative ease of sample dispersion. Generally sands and sandy loam samples are stirred for 10 minutes, whereas finer textured samples are stirred for 15 minutes. In any case, stirring time in excess of that needed to produce complete dispersion may result in unnecessary particle breakage.

4.
Fill the A. S.T.M. cylinder to the 1130-ml level if a 50g sample has been used or to the 1205-ml level for 100g sample.  Alternatively for 50g samples, the suspension may be placed in a 1 liter-graduated cylinder and made up 1000 ml without the hydrometer in the suspension.

5.
For some hydrometers 67F is the calibration temperature, hence 67F becomes the base temperature for subsequent corrections.
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