Louisiana Team AgEd

Louisiana Agriscience Education Curriculum

Course: 
Agriscience I


Unit: 
Soil Science
Lesson: 
The Chemical and Biological Properties of the Soil


LOUISIANA LEARNING STANDARDS AND GRADE LEVEL EXPECTATIONS

Learning Standards (LS):

· All students will become aware of the characteristics of the food and fiber systems

· Agricultural literacy grades 9-12
· AgEd/FFA students will develop the necessary interpersonal and communication skills to obtain a job and work effectively and safely in an interactive work environment.  

· Team work in agriculture 

· Careers in agriculture

AgEd/FFA students will understand the concepts and principals of biotechnology and the relationships biotechnology has with agriculture environment. 

· Processes and applications affecting the plant systems
AgEd/FFA students will understand the concepts and principals of plant science 

· Internal processes affecting plant growth and reproduction 

External environmental factors affecting plant growth and reproduction  

· Soil fertility 

· Plant production 

· Landscaping and floriculture 

· Crops of Louisiana 

· Horticultural crops of Louisiana 
Grade Level Expectations (GLE)  
· Write a testable question or hypothesis when given a topic (SI-H-A1). 

· Plan and record step-by-step procedures for a valid investigation, select equipment and materials, and identify variables and controls (SI-H-A2). 

· Write and defend a conclusion based on logical analysis of experimental data (SI-H-A6) (SI-H-A2). 

· Evaluate selected theories based on supporting scientific evidence (SI-H-B1). 

· Name and write chemical formulas using symbols and subscripts (PS-H-A2). 

· Classify unknowns as acidic, basic, or neutral using indicators (PS-H-D2). 

PERFORMANCE-BASED LEARNING OBJECTIVES. Instruction in this lesson should result in students being able to:

1. Describe the properties of acids and bases.

2. Differentiate between strong and weak acids, strong bases and weak bases.

3. Use the pH scale to calculate and measure the concentration of oH.

4. Relate soil pH to nutrient availability.

5. Investigate the effect of soil pH on plant growth.

6. Develop a plan for changing soil pH to meet crop needs.

7. Determine how to take a soil sample for testing. 

LIST OF RESOURCES. Teachers may find the following resources useful in planning and teaching this lesson:

Textbooks

· Plaster, Edward J.,Soil Science & Management. Albany, New York: Delmar Publishers, Inc. 1997. (Chapter 9 and 10)  

· Cooper, Elmer L. Agriscnece Fundamentals & Applications. Albany, New York: Delmar Publisher, Inc. 2002. (Unit 16)

Web Sites

· http:// www.chemtutor.com/acid.htm

· http:// qldscienceteachers.tripod.com/junior/chem/acid.html

· http:// www.lhs.berkeley.edu/chemmystery/actacidbase.html
· http://www.westfieldnj.com/eis/team6/acids_bases_pH_ppt_files/frame.htm
· http://soils.tfrec.wsu.edu/mg/chemical.htm
· www.omafra.gov.on.ca/.../images/3othprof2.jpg
· http://www.lsuagcenter.com/en/our_offices/parishes/Rapides/Features/Lawn_Garden/Soil_Sampling/How+to+Take+a+Soil+Sample.htm
· http://www.fertilizerassoc.ie/publications/lime_in_ireland/publications_lime_report1_4.htm
· http://en.wikipedia.org/wiki/Soil_pH
· http:// landresources.montana.edu/NM/Modules/Module8.pdf

· http://dl.clackamas.edu/ch105-05/properti.htm
· http://school.discoveryeducation.com/lessonplans/pdf/ec_acidsandbases/ec_acidsandbases.pdf
· http://ffh.films.com/id/12365/Acids_and_Bases.htm
Other Resources. The following resources will be useful to students and teachers:

· Kohnke, Helmut, Soil Science Simplified. Prospect Heights, Illinois: Waveland Press, Inc.1995

· Lime Use in Louisiana Soils, LSU Ag Center Pub. 2442 6/91

TERMS 
The following terms are presented in this lesson:

· Acid



Electrons           
Cation exchange capacity

· Base



Ionized

Leaching


· Neutralization reaction
Strong acids 

Macro nutrient 

· pH scale


Weak  acids

Micro nutrient

· Precipitate


Anions

Soluble

· Soil reaction


Cations

Toxicity

· Organic Soil


Inorganic Soil

LIST OF EQUIPMENT, TOOLS, SUPPLIES, AND FACILITIES

· Writing surface

· Paper/Pen

· Computer with Power point and internet access

· Soil sample 

INTEREST APPROACH.  Find two pictures one of a dessert and one of a lush landscape.  Ask the students which one they would rather live on, and explain to them that most lush landscapes are now desserts.  Discuss how proper use of the land affects this.    

SUMMARY OF CONTENT AND TEACHING STRATEGIES

Objective 1: Describe the properties of acids and bases. 

Anticipated Problem: What are acids and bases?  

I. 
Acid - An acid is a material that can release a proton or hydrogen ion (H+). 

II. 
There are eight properties of acids that are important to remember: 

· Corrosive ('burns' your skin) Differentiate between strong and weak acids, strong bases and weak bases.

· Sour taste (e.g. lemons, vinegar) 

· Contains hydrogen ions (H+) when dissolved in water 

· Has a pH less than 7 

· Turns blue litmus paper to a red color 

· Reacts with bases to form salt and water 

· Reacts with metals to form hydrogen gas 

Base - A base, or alkali, is a material that can donate a hydroxide ion (OH-).

There are six properties of bases that are important to remember: 

· Corrosive ('burns' your skin) 

· Soapy feel 

· Has a pH more than 7 

· Turns red litmus paper to a blue colour 

· Many alkalis (soluble bases) contain hydroxyl ions (OH-) 

· Reacts with acids to form salt and water 

Provide students with copies of the selected text.  Have them read the topic out loud and define the words in their textbooks. Use class discussion for students to get a clear understanding of the two. 

Objective 2: Differentiate between strong and weak acids, strong bases and weak bases.

Anticipated Problem: What are strong acids and bases?   

The acids on this short list are called strong acids, because the amount of acid quality of a solution depends upon the concentration of ionized hydrogen.  

The common strong acids that are almost one hundred percent ionized are:
HNO3 - nitric acid 
HCl - hydrochloric acid
H2SO4 - sulfuric acid 
HClO4 - perchloric acid 
HBr - hydrobromic acid
HI - hydroiodic acid
Other acids are incompletely ionized, existing mostly as the unionized form. Incompletely ionized acids are called weak acids, because there is a smaller concentration of ionized hydrogen available in the solution

Likewise, there is a short list of strong bases, ones that completely ionize into hydroxide ions and a conjugate acid. All of the bases of Group I and Group II  metals except for beryllium are strong bases. Lithium, rubidium and cesium hydroxides are not often used in the lab because they are expensive. The bases of Group II metals, magnesium, calcium, barium, and strontium are strong, but all of these bases have somewhat limited solubility.  Magnesium hydroxide has a particularly small solubility.

Strong bases include:
LiOH - lithium hydroxide
NaOH - sodium hydroxide
KOH - potassium hydroxide
RbOH - rubidium hydroxide
CsOH - cesium hydroxide
Mg(OH)2 - magnesium hydroxide
Ca(OH)2 - calcium hydroxide
Sr(OH)2 - strontium hydroxide
Ba(OH)2 - barium hydroxide
Anticipated problem:  What are weak acids and bases?

Many materials are weak bases due to the presence of an amino group (-NH2) attached to an organic compound. Nitrogen has five electrons in the outside shell. The three solo electrons can participate in (covalent) bonds to the nitrogen. The unshared pair of electrons can be donated by the nitrogen atom to constitute a complete covalent bond with a material that lacks a pair of electrons. The Lewis definition most clearly shows that the donor of the pair of electrons (the N atom) is a base and anything that attaches to the nitrogen by accepting a position of covalent attachment to the nitrogen is an acid. 

Weak acids and bases are only partially ionized in their solutions, whereas strong acids and bases are completely ionized when dissolve in water. 

Objective 3.  Use the pH scale to calculate and measure the concentration of OH.

Anticipated problem:  Determining the concentration of pOH using the formula :

pOH= 14- pH

Example problem:  If pH is 7.0 then plug this into the equation, 

pOH= 14-7.0

pOH= 7.0

Objective 4.  Relate soil pH to nutrient availability.

Anticipated Problem: Does a change in soil pH affect the nutrients available for plants?

1.  The pH of the soil solution determines the solubility and availability of plant nutrients.

· solubility- measure of how much the nutrients will dissolve in water and become available to the plant

2.  The pH for maximum availability of nutrients is not the same for all nutrients. Generally, pH values in the range of 6.5- 7.0 are optimal in most cases.  

The element may be present in the soil in large amounts but due to the unfavorable pH is unavailable to the plant.  

3. cation exchange capacity- soil’s ability to exchange and retain cations.  

-cation- positively charged ion 


-anion- negatively charged ion   

4.  A high CEC soil will be able to resist changes in pH.  

Anticipated Problem: What may occur if the pH rises or falls out of this range?

1.  Most macronutrients are more available within a pH range of 6.5 to 8.


- 
the exception to this is P, which likes the pH to be from 6 to 7.

2.  Ca, K, and Mg are prone to leaching at a low pH.  

- 
leaching:  The process by which soluble materials in the soil, such as nutrients are washed    into a lower layer of soil or are dissolved and carried away by water.

3.  Plant uptake of N and P is restricted at pH below 6.0

Anticipated Problem: What may occur if the pH rises or falls out of this range?

1.  Most micronutrients (B, Cu, Fe, Mn, Ni, and Zn) are more available within a pH range of 5 to 7.

2.  Metals (Cu, Fe, Mn, Ni, and Zn) and bound tighter to the soil at high pH, thus are more available at low pHs.  This can cause metal toxicities in acid soils.  

-
Toxicity: The capacity or property of a substance to cause adverse effects 

3.  Micronutrients decrease in availability as pH approaches 8. The exception to this is Mo, which likes the higher pH.

4.  Chlorine is rarely deficient at high pH levels, but can become toxic as pH increases.  

Objective 5  Investigate the effect of soil pH on plant growth.

Anticipated problem:   Can pH affect plant growth?

Using slides from nutrient availability according to pH to explain how plants can experience lockouts or poisoning from nutrient availability based on pH of soil?

Using slides with pictures of nutrient deficiencies, explain that presence of nutrients is not sufficient without correct pH.  

Objective 6.  Develop a plan for changing soil pH to meet crop needs.

Anticipated problem:  How do you change the soil pH?

Students are given case study:  An acre of corn is being grown.  The crop is not growing to its fullest potential.  What is wrong with the corn?  By looking at the physical characteristics of deficiencies on the slides, students can infer what is wrong with the corn.  By testing for soil pH, you can correctly determine what needs to be added to the corn to make it perform to its fullest.  Objective 7 can be included with this lesson.   

Objective 7.   Determine how to take a soil sample for testing. 

Anticipated problem:  How to Take a Soil Sample 

Obtain cartons and information sheets from your county agent, the state soil testing laboratory, or other sources. 

1. Map the different areas within a field - such as hilltops, midslopes, bottomlands, or known areas of different productivity. With a sampling tube take 10 to 15 cores, spaced an equal distance apart. Sample to tillage depth. Place cores from each sampling area in a clean bucket. Mix this composite sample well and fill the soil sample carton (about 1 pint). Repeat this process for each area in the field. 

2. A field that is extremely variable, or one where little is known about the variability, requires many samples. Once a field has been intensively sampled and a soil fertility map made, select sites in representative low-, medium-, and high-fertility areas of the field that can be resampled every two to three years. Periodic resampling will show if the general soil fertility level in each area is improving or getting worse. 

3. It is best to use a sampling tube if that is possible. If you use a spade or shovel, throw away the first shovelful. Then take a 1-inch slice from the back side of the hole (to proper sampling depth) and trim away sides of slice, leaving a 1-inch center core. Place core in a clean bucket, following procedure given in item 2. A garden trowel can be used in place of a spade or shovel. 

REVIEW/SUMMARY. Use the student learning objectives as the basis for review and summary. Use their responses to questions asked as an indicator of what needs to be covered again.  Teacher can make quizzes of each objective to measure student abilities as well as the unit test.  

APPLICATION. Have students’ complete soil tests and quizzes associated with the lesson.  Teacher can have students write a report on the importance of acids and bases in the soil structure. Also a soil scientist may come as a guest speaker for this unit.  

EVALUATION. Evaluation should focus on the students’ abilities to master the lesson objectives.  Evaluation may include any of the following: student performance on the lesson assignments, oral questioning, short quizzes, report writing and/or written test which is provided below. 

CRITICAL THINKING ACTIVITY.  Read the article titled “Acid Soil Problems” and Table 1: Optimum pH for Crops to answer the following question:  What crops can be grown best in the ideal pH range?  
Acid Soil Problems
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	Young pepper in acid soil.


Acidic soils (low pH) cause more gardening problems in Louisiana than any other soil factor. They affect so many other soil factors in both pest management and soil fertility.

Soils become acidic naturally in our humid climate. Rainfall (over time) leaches out the basic minerals in soils. Fertilizers and organic matter from manure and compost tend to speed this acidulation process. Under very acid conditions (below pH 5.4), some minerals such as aluminum and manganese become very soluble and are often toxic to plants. These elements may cause foliage to yellow, pucker or burn. Plant nutrients such as calcium and magnesium are often deficient in acidic soils. The beneficial soil bacteria that fix nitrogen on the roots of legumes such as beans and peas cannot survive in acidic soils, and then those crops will suffer.

Many Louisiana soils require liming every three to five years to maintain the soil pH between 5.8 and 6.5. This pH range is adequate to ideal for most crops. Some soils may not need liming for acid reduction but may need extra calcium. In that case, we apply gypsum (calcium sulfate) to supply Ca without a change in pH. Many gardeners have quick pH testers that can identify serious problems in soil pH. A detailed soil test by a reputable laboratory, however, is the only way to determine the precise soil pH and any lime requirement.

	 

	Soil pH
	Effect

	Extremely acid

	below 4.5

	Few crops survive; aluminum/manganese toxicity.


	Very acid

	4.5-5.0

	Only acid-tolerant plants such as azaleas, carpetgrass and blueberries do well.


	Very acid

	5.0-5.5

	Some aluminum and manganese toxicity; nutrient deficiencies. Mid 5 is good pH for Irish potatoes, because scab bacteria don't survive well at this pH. Most crop yields slightly reduced, especially legumes.


	Moderately acid

	5.5-6.0

	No visible problems with most crops; yields of crops requiring high calcium and magnesium may be reduced (for example, tomatoes and peppers). Good for centipede and carpet grasses.


	Slightly acid 

	6.0-7.0

	Ideal for most crops; best for soil bacteria/nitrogen fixation. Optimum nutrient availability. St.Augustine, bermuda & zoysia.


	Slightly alkaline 

	7.0-8.0

	Micronutrient deficiencies of iron, zinc and manganese may occur; too high for acid plants.


	Alkaline

	8.0+

	Severe micronutrient deficiencies. Few garden crops do well. Acidulate your soil.



	


Table 1. Optimum pH for certain garden crops.  
	Beans
	6.0-7.0

	Broccoli
	6.0-7.0

	Cabbage
	5.6-6.6

	Cantaloupe
	6.0-7.0

	Cauliflower
	6.0-7.0

	Cucumber
	5.0-6.0

	Eggplant
	5.0-6.0

	Garlic
	5.0-6.0

	Okra
	6.0-8.0

	Peanuts
	5.0-6.0


Answers To Sample Test

1.A

2.A

3.B

4.B

5.A

6.B

7.C

8.A

9.B

10.B

11. B

12. C

Short Answer

1. The pH level has to do with the acidity level in the soil.  It is important because some plants will not grow well in soils with too high or too low an acid level.  

2. lemon juice, vinegar, yogurt

3. ammonia, oven cleaner, milk of magnesia

Calculations

1. OH= 14-6= 8

2. OH= 14- 7.1= 6.9

3. 5= 14- pH

pH= 9

SAMPLE TEST
Student Name:___________________

Directions:  Determine if each of the following nutrients is a macronutrient or micronutrient.

1. Phosphorus


A.  Macronutrient

2. Calcium


B.  Micronutrient

3. Boron

4. Iron

5. Magnesium

Directions:  Choose the best answer for each multiple choice question.

6. What is the optimum pH range for most nutrients?

a)  6.0 to 7.0

b)  6.5 to 7.0

c)  7.0 to 7.5

d)  8.0 to 8.5

7.  Most macronutrients are available at this range:

a)  6.0 to 8.5

b)  6.5 to 7.5

c)  6.5 to 8.0

d)  7.0 to 8.0

8.  Most micronutrients are available at this range:

a)  5.0 to 7.0

b)  5.5 to 7.5

c)  6.0 to 7.0

d)  7.5 to 9.0

9.  At a pH of 5.0, uptake of P is:

a)  Less than ideal

b)  Ideal

c) More than ideal

10.   At a pH of 8.5, uptake of Cl is:

a)  Less than ideal

b)  Ideal

c)  More than ideal 

11. How much soil sample do I need for a soil test?

a) one quart

b) one pint

c) one gallon

d) one bucket

12. Which of the following is not a characteristic of an acid?

a) sour taste

b) litmus test turns red

c) feels slippery

d) sweet taste

Short Answer:  Answer each question fully.

1. Why is pH level important in soil?

2. List two household items that are acids.

3. List two household items that are bases.

Using the formula, determine the answer for each question.  Show your work.

1. What is OH if pH is 6.0?

2. What is OH if pH is 7.1?

3. If OH is 5.0, what is pH?

Critical Thinking:  Answer each question fully.

1. Compare and contrast acids and bases.  Give at least 1 comparison and 1 contrast in your answer.

2. A soil sample shows that there are adequate nutrients in the soil, however, the plant shows a purple tinted leaf.  What is a possible explanation? 

3. A soil analysis shows a pH of 5.0.  What crop would be best suitable for this pH?

a) blueberries

b) tomatoes

c) beans

d) broccoli
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