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Course:      AG-PSB-02.441
Plant Science Biotechnology

Unit 6:
Plant Nutrition
Lesson 1:
Nutrients Essential to Plant Growth

Georgia Performance Standards:
AG-PSB-6-(a, b)

Academic Standards: SCSh6, SB1

Objectives: 

1.
Identify artificial sources of plant nutrients.

2.
Describe why plants need nutrients.

3.
List primary and secondary plant nutrients.

4.
Understand the need for micro nutrients (trace nutrients).

5.
Identify natural ways of supplying plants with nutrients.

Teaching Time:
Classroom: 30 Minutes

Laboratory: 1 Hour (8 weeks total)
Grades: 9-12

Essential Question: What nutrients are vital to plant growth?
Unit Understandings, Themes, and Concepts:  
Students will learn not only why plants need nutrients, but which nutrients are most important and how plants obtain them. Students will learn about both primary and secondary plant nutrients and how they are supplied to plants.
Primary Learning Goals:  
Students will identify artificial sources of plant nutrients and describe why plants need nutrients. Students will list primary and secondary plant nutrients and understand the need for micro nutrients (trace nutrients). Students will identify natural ways of supplying plants with nutrients. 

Students with disabilities: For students with disabilities, the instructor should refer to the individual student's IEP to insure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.

Assessment Method/Type:

____ Constructed Response

____ Peer Assessment

_X__ Combined Methods


____ Selected Response

____ Informal Checks


____ Self Assessment

References:
Primary Student Texts:

Barden, John A., R. Gordon Halfacre and David J. Parrish.  Plant Science.  McGraw-Hill, New York, NY. ISBN: 07-003669-1.  1987.
Burton, L. DeVere.  AgriScience and Technology, Lab Manual.  Delmar Publishers.  Albany, NY.  1998.

Herren, Ray V.  The Science of Agriculture: A Biological Approach.  Delmar Publishers.  Albany, NY.  1997.

Lee, Jasper S. & Diana L. Turner.  Introduction to World AgriScience and Technology.  Interstate Publishers, Inc.  Danville, IL.  1997.

Materials and Equipment:

Azalea suffering from iron chlorosis

Overhead projector

Transparency 6.1.1, Handout 6.1.2 and 6.1.3

Consult laboratory activity for list of materials needed

PowerPoints:
AG-PSB-02.441-06.1,2,4p Soil_Nutrients
AG-PSB-02.441-06.1p Essential_Nutrients_of_Plants
AG-PSB-02.441-06.1p Plant Food!
Georgia Performance Standards:
AG-PSB-6-(a, b)
AG-PSB-6: The student identifies and describes plant nutritional needs, essential nutrients and prescribes nutritional programs for plants.

a. Describes the role of nutrients in plant growth and development.

b. Lists primary and secondary plant nutrients.

Academic Standards: 
SCSh6, SB1
SCSh6 Students will communicate scientific investigations and information clearly. 

SB1 Students will analyze the nature of the relationships between structures and functions in living cells. 

Teaching Procedure

Introduction and Mental Set

Display the azalea sample in class.  Ask the students to come up with reasons for the azalea=s poor appearance.  Explain that azaleas like acidic soils.  Most soils in Georgia are acidic, however, soil around buildings or soil that has been limed will be more alkaline.  Alkaline soils inhibit the uptake of iron by azaleas, which leads to iron chlorosis.  This is just one example of a necessary plant nutrient.

Discussion
1.
What are primary nutrients?  Display and discuss transparency 6.1.1.
Those nutrients used in the largest quantities: Nitrogen, Phosphorus, and Potassium.  

$ Always listed in that order.  

$ For example a fertilizer tag that read 10-20-10 would mean 10% Nitrogen, 20% Phosphorous, and 10% Potassium.

2.
What are secondary nutrients?
A.
Calcium, Magnesium, and Sulfur.  

B.
These are required in slightly smaller amounts than the primary nutrients.

3.
Micronutrients consist of seven essential elements that occur in very small amounts in soils and plants.  What are the micronutrients?

A.
Boron

B.
Chlorine

C.
Manganese 

D.
Zinc 

E.
Copper 

F.
Iron

G.
Molybdenum







      


4.
Are micronutrients as important as primary and secondary nutrients?  Yes, even though they occur in minute amounts their role is equally important. 

5.
Are there any elements required by plants that are not supplied by the soil? Yes; carbon, hydrogen, and oxygen are used in the largest mounts, but they are supplied by air and water.

6.
What are the sources of essential plant nutrients?

A.
Natural/organic fertilizers and soil builders.

 Legumes

 Manures

 Green Manures

B.
Chemical fertilizers.

 Nitrogen: ammonia nitrate, anhydrous ammonia, urea.

 Phosphorus: phosphoric acid( P2O5)

 Potassium: soluble potash (K2O)

7.
What is the a challenge chemical fertilizers have in relationship to staying in the soil?
A.
They leach easily.  When it rains, they are easily washed from the soil.  

B.
Natural fertilizers stay in the soil longer. 

8.
Laboratory

A.
Complete the laboratory exercise, AEffects of Soil Treatments on Crop Yield@, listed in Agriscience & Technology reference.
B.
Complete the laboratory exercise, Nutrient Deficiencies in Plants. (Attached).

Summary

Review the important points of:

primary, secondary, and micronutrients.

sources of chemical and organic fertilizers.




Evaluation
Written test

Laboratory activity

6.1.1

 


Primary Nutrients
$ Nitrogen

$ Phosphorus

$ Potassium

 


Secondary Nutrients
$ Calcium

$ Magnesium

$ Sulfur

Seven Micronutrients
$ 
Boron

$ Chlorine

$ Manganese

$ Zinc

$ Copper

$ Iron

$ Molybdenum



6.1.2
Nutrient Deficiencies in Plants
Student=s Guide

Introduction
Plants need certain nutrients tomorrow properly. Carbon, hydrogen, and oxygen are obtained from the atmosphere. The rest are found in the soil and are absorbed through the roots. The rnacronutrients, needed in larger quantities, are nitrogen, phosphorus, potassium, calcium, magnesium, and sulfur.  The micronutrients, needed in smaller quantities, are iron, manganese, zinc, boron, copper, molybdenum, sodium, and chlorine.  If these nutrients are not available to the plant, then growth will be abnormal and yield will be reduced.

Objective

The objective of this exercise is to observe nutrient deficiencies in plants grown in various nutrient deficient solutions.
Procedure

A.
Preparing the Containers

1.
Wash a quart jar with detergent and rinse with distilled water several tunes to remove all traces of the detergent.

2.
Cover the outside of the jar with aluminum foil. Make sure there are no holes in the foil.

3.
Make sure the lid, with two holes punched in it, is clean.

B.
Malting the Nutrient Solution

1.
Fill the jar half full with distilled water.

2.
Add each nutrient, one at a time, to the water. Your teacher will tell you which type of nutrient solution to make. For example, if you are assigned a solution with all nutrients except magnesium, then you would follow the chart for the Aminus magnesium@ row.

3.
As you add each nutrient, gently shake the jar. This will allow the nutrient to mix with the water.

4.
Once all the nutrients for your solution have been added, add more distilled water until the level is 0.5 to 1 inch below the top.
6.1.2
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C.
Preparing the Plant











1.
Carefully remove the plant from the sand. Try not to break any roots.

2.
Gently wash the sand off the roots with distilled water.



3.
Pinch off the cotyledons without tearing the stem.


 
4.
Measure root and shoot length.  Count the number of leaves.  Make notes on the general appearance of your plant.

5.
Wrap a piece of cotton around the stem above the roots. This cotton will hold the plant up and protect it from the rough edges of the jar lid.

D. Final Set‑Up and Maintenance

1.
Place the plant through one of the holes in the jar lid, preferably the one closer to the center of the lid.

2.
Place the lid on the jar and fasten. Make sure the cotton does not touch the solution because it will draw up the solution, causing the stem to rot. The plant may not stand upright right away but will straighten itself out in a few days.

3.
About three times a week, take a clean pipette and blow air into the nutrient solution. Do not share pipettes unless they are first cleaned. (If your school has a pressurized air pump system, connect a rubber hose to the air valve, turn it on gently, and put the other end into the nutrient solution).

4.
Add distilled water, when necessary, to maintain a solution level 0.5 to 1 inch below the top. As the plant grows, it will require more water.

5.
The nutrient solution should be replaced each week with a fresh mixture, if directed by your teacher.

6.1.2
6.
Observe your plant for any abnormal growth or development such as yellowing or striping of leaves, stunting, curling of leaves, abnormal root formation, discoloration of roots, or any thing else that is not typical for this species. Do this every week.


7.
At the end of 4 weeks, carefully remove your plant from the jar. Measure the length of the roots and shoot. Count the number of leaves. Note any other growth characteristics.

Data Collection
1.
Record plant measurements made at the beginning and end of the exercise.



Beginning


End



Difference


Root length

Shoot length

Leaf number


2.
Record your weekly plant observations here.

Week 1:

Week 2:

Week 3:

Week 4:

Questions
1.
What symptoms should you see with your assigned nutrient deficiency?

2.
How do each of the following nutrients help in plant growth?

a.
Nitrogen

b.
Phosphorus

c.
Potassium

d.
Calcium

e.
Magnesium

f.
Sulfur

g.
Iron


h.
Other micronutrients

6.1.3
Nutrient Deficiencies in Plants
Teacher=s Guide

Objective
In this exercise, the student will learn how the lack of a particular nutrient affects a plant's growth and development. The student will observe the various deficiency symptoms and gain an understanding into the importance of proper soil fertilization to obtain good growth and subsequent yield.

Materials And Equipment
1.
10 to 14 day old tomato (Lycopersicon Iycopersicum (L.) Karsten) plants (alternate species: sunflower (Helianthus annuus L.), garden bean (Phaseolus vulgaris L.), or soybean (Glycine max (L.) Merr.)

2.
Quart jars with two‑piece lids (two holes per lid)

3.
Aluminum foil

4.
Detergent

5.
Distilled water

6.
Nutrient stock solutions (may be purchased from Carolina Biological Supply Co., 2700 York Rd., Burlington, NC 27215)

7.
Pipettes for blowing air into jars (or hoses if pressurized air system available)

8.
Cotton

9.
Bursts, pipettes, or graduated cylinders for measuring out stock solutions

10.
Greenhouse, growth chamber, or laboratory bench with light that maintains a temperature of about 24C

Procedure
1.
At 20 and 15 days prior to the exercise, start tomato seed in sand. Use distilled water only. Some species may require a longer germination period. Make appropriate adjustments to sowing date.

2.
Prepare stock solutions as follows (unless purchased already prepared) using distilled water. The pH should be 6.0 to 6.5.

6.1.3

Chemical




 Formula

        Amount, g/L

      Molarity (M)


A: Calcium nitrate

Ca(NO3)2H2O

236.20


1.00

B:
Magnesium sulfate 
MgSO47H2O

246.50


1.00

C:
Potassium nitrate 
KNO3


101.10


1.00

D:
Potassium acid 

KH2PO4


136.20


1.00

phosphate


E:
Calcium phosphate Ca(H2PO4)2

12.60



0.05

F:
Potassium sulfate 
K2S04


87.10



0.50

C: Magnesium nitrate
Mg(NO3)26H2O

256.50


0.01

H: Calcium sulfate

CaSO4


1.36



0.01

I: 
Iron EDTA

Dissolve 1340 mg disodium ethylenediaminetetraacetic acid (Na2C10H10O8N22H2O) in 500 mL of distilled water and heat. While still hot, add 990 mg FeSO47H2O and stir vigorously.

J: 
Trace elements

Introduce one at a time to the same 500 mL of distilled water, shake after each addition, add enough distilled water to get 1 L.


Chemical






Formula


       
      Amount, g/L


Boric acid






H3BO3





2.86

Magnesium chloride



MgCL2 4H2O




1.81

Zinc sulfate





ZnSO4 7H2O




0.22

Copper sulfate




CuSO4 5H2O



0.08

Molybdic acid




H2MoO4  H2O



0.02


3.
Gather together the remaining materials.

4.
Assign a treatment to each student. For a class larger than 10 you will have duplicate assignments.

5.
Follow the procedures in the student handout.

6.
Make sure solution levels are maintained in each jar. This is especially critical if new nutrient solutions are not newly prepared each week.

6.1.3
Discussion
The nutrients evaluated in this exercise provide essential building blocks for a plant's growth and development. The following list highlights some of the major uses of each nutrient within the plant.

Nitrogen (N): 
A major component of amino acids, proteins, DNA, chlorophyll

Phosphorus (P): Part of ATP, proteins, membrane phospholipids; attached to 

sugars during photosynthesis; acts as a cellular buffer

Potassium (K): 
Activates enzymes; promotes meristematic growth; important in 

stomatal movement

Sulfur (S): 

Part of two amino acids; part of thiamine, biotin, and CoA; required for 
nitrogen fixation and synthesis of ABA, GA's, sterols, etc.

Calcium (Ca): 
Aids in cell division (stability of spindle apparatus); in middle lamella between cells; enzyme activator

Magnesium (Mg): Required for protein synthesis; enzyme activator; center of 

chlorophyll molecule

Iron (Fe): 

     Required for nitrogen metabolism, photosynthetic reactions, and electron transport

Boron (B): 

Influences rate of cell division; aids in translocation of sugars across membranes

Copper (Cu): 
Enzyme activator; electron carrier in photosynthesis

Manganese (Mn): Enzyme activator; essential in photosynthesis

Zinc (Zn): 

Enzyme activator; used in synthesis of tryptophan

Molybdenum (Mo): Essential for nitrogen fixation and nitrate reductase

Chlorine (Cl): 
Stimulates photosynthesis

Most soils contain some level of each nutrient but this level is not always sufficient to support the crop through an entire growing season. As the nutrient is depleted to a level below the plant's requirements, deficiency symptoms will begin to show up. Some symptoms will initially show up on older leaves. This is because the associated nutrients have been moved from the older leaves to the developing tissue. The nutrients are referred to as mobile. Immobile nutrients are those that are not translocated out of older tissue. The associated symptoms will be apparent on the new leaves.

6.1.3
A synopsis of deficiency symptoms to be expected follows. This is not an exhaustive list but is meant to be a guide. Mobile elements are designated (M), immobile elements are (I).

N
(M): Plant light green; lower leaves chlorotic to dying; slender stems

P
(M): Plant dark green with red and purple pigmentation; lower leaves   

                        chlorotic

K
(M): Slender, stunted stalks; mottled or chlorotic lower leaves

S
  (I): Plant spindly and stunted; light green to yellow leaves

Ca
  (I): Yellow terminals, first hooked, then dying back at leaf tips and  

                        margins giving a cut-out appearance; pitted stems; short, stubby

   roots may be slimy

Mg 
(M): Interveinal chlorosis

Fe 
 (I): Net‑like interveinal chlorosis; stalks short and slender

The plant growing in the trace element deficient nutrient solution will have a combination of the following symptoms:

B
 (I): Stunting; terminals turn pale green and die

Cu
 (I): Young leaves pale; seed head unable to stand erect

Mn
 (I): Interveinal chlorosis

Zn
(M): Shortened internodes; interveinal chlorosis gradually becoming

 complete chlorosis

Mo
 (I): Interveinal chlorosis

Cl
(M): Wilting; chlorosis; root tips stunted and thickened

A discussion of how a nutrient deficiency would affect an entire crop should help enlighten the student about the problems farmers face each year. The discussion might contain information on the various types of fertilizerCmanure, liquid, granular, etc. The cost associated with fertilizers may also be included.  Other treatments that could be included are (i) no nutrients, only distilled water; (ii) cool temperature, e.g., 16C; (iii) high temperature, e.g., 35C; (iv) diurnal variation in temperature; and (v) observing symptoms on several plant species simultaneously.

Evaluation
The students should develop an appreciation for a plant's nutrient requirements. They should be able to identify symptoms and match them to the appropriate nutrient deficiency. The discussion following the exercise on plant nutrition should successfully complete this exercise.
Individual Learning Activity

Lesson:
Nutrients Essential to Plant Growth
Assignment:
Choose one of the topics below and research it. Write a report on your findings that answers the question or explains the concept and shows why it is relevant to your life.

1.
Identify artificial sources of plant nutrients.

2.
Describe why plants need nutrients.

3.
List primary and secondary plant nutrients.

4.
Understand the need for micro nutrients (trace nutrients).

5.
Identify natural ways of supplying plants with nutrients.

Minimum Requirements:
1. Paper must be typed in 12 point font and at least one page in length. The paper may be double-spaced. 

2. At least two credible references must be properly cited.

3. All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

4. Papers will be graded on content (amount of good information, accuracy, etc.) and mechanics (grammar, spelling, and punctuation.)

Due Date:

Points/Grade Available:

Individual Learning Activity Rubric

	Content - offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The paper should include information and issues of state and local importance.
	35 pts.



	Critical Analysis - logical process of analyzing and reporting information that examines and explains the topic selected. The paper should go beyond simply listing facts and must include why the concept is relevant to the student’s life. 
	25 pts.

	Organization- The paper should have an orderly structure that demonstrates a logical flow of ideas.
	15 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the paper should meet all specifications and be executed following rules of proper written English.
	15 pts.


Group Learning Activity

Lesson: 
Nutrients Essential to Plant Growth
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

1.
Identify artificial sources of plant nutrients.

2.
Describe why plants need nutrients.

3.
List primary and secondary plant nutrients.

4.
Understand the need for micro nutrients (trace nutrients).

5.
Identify natural ways of supplying plants with nutrients.

Your presentation should include the following:
1. A lesson plan outlining exactly what your group will teach and how the information will be taught

2. A Power Point of at least twelve slides

3. Notes containing the information the class will be responsible for (these can be printed and given to the class, written on the board, or part of the Power Point). A copy of the notes will be turned in to the instructor.

4. Some type of interactive activity for the class (game, problem solving activity, interactive model, etc.)

5. Your group must also prepare an assessment for the class. This assessment can be written or oral, but should show the instructor that the class understands and has retained the material being taught.

Due Date:

Points/Grade Available:

All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

Group Learning Activity Rubric

	Lesson Plan – The group submits a thorough, detailed lesson plan highlighting the content and organization of their lesson.
	10 pts.

	PowerPoint – The group presents a Power Point of at least twelve slides that contains information and pictures vital to the lesson with additional information or examples for enhancement.
	20 pts.

	Interactive Activity – Some type of interactive activity is used to help teach the lesson. The activity should contribute to the mastery of content and involve the entire class in some way.
	15 pts.

	Assessment – A fair, thorough assessment is prepared and administered based on the information presented to the class. Poor grades on the assessment by a few members of the class are excusable, but if the entire class has difficulty, the points awarded in this category may be lowered at the discretion of the instructor.
	   15 pts.

	Content – The group should cover the concept (within reason) in entirety. The group may study actual lesson plans to help decide what should be emphasized.
	    25 pts.

	Overall Effect – The group is prepared, enthusiastic, and interesting, and the lesson flows smoothly. 
	    15 pts.


Presentation Learning Activity
Lesson:
Nutrients Essential to Plant Growth
Assignment:
Choose one of the topics below, research it, and prepare a presentation that answers the question or explains the concept and shows why it is relevant to your life.

1.
Identify artificial sources of plant nutrients.

2.
Describe why plants need nutrients.

3.
List primary and secondary plant nutrients.

4.
Understand the need for micro nutrients (trace nutrients).

5.
Identify natural ways of supplying plants with nutrients.

Minimum Requirements:
Oral Report Option

1.   Write a paper on one of the topics and orally present your work to the class.

2.   Paper may be double-spaced and should be at least one page in length, resulting in a two to five minute presentation. 

3.   At least two references must be properly cited. 

4.   The presentation of the report will be graded secondary 

      to the content of the paper.

PowerPoint Option

1. Presentation should be at least ten slides in length

2. Presentation should include at least four photos.

3. Presentation should be two to five minutes in length.

4. Grammar and spelling will be graded by the same standards as any other written assignment.

5. At least two references must be properly cited.

Poster Option:

1. Prepare a poster that answers/explains one of the topics. You will present your poster to the class.

2. Your poster should include both text and graphics that help communicate your research.

3. At least two sources of information should be properly cited on the back of the poster.

4. Neatness and appearance of the poster will be graded.

5. Poster presentation should last two to five minutes.

Due Date:

Points/Grade Available:

For all presentations: All work must be original. No plagiarism! Any use of another’s work or ideas without giving proper credit will result in a zero.

Presentation Learning Activity Rubric

	Content- offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The presentation should include information and issues of state and local importance.
	40 pts.

	Critical Analysis/Organization – The presentation shows a logical process of analyzing and reporting information that examines and explains the topic selected. The presentation should go beyond simply listing facts and must include why the concept is relevant to the student’s life.
	20 pts.

	Presentation – The student makes a genuine effort to present, not just read the material. The student should present with confidence using techniques like eye contact and voice inflexion to make his or her point. Although content takes precedence over presentation, the experience of successfully presenting in front of a class is part of the basis of this assignment.
	25 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the presentation should meet all guidelines set forth and should be executed in proper written English. For the poster, this includes neatness and appearance.
	15 pts.


Lesson Evaluation 
1. What are primary nutrients? 
2. What are secondary nutrients?
3. Micronutrients consist of seven essential elements that occur in very 
small amounts in soils and plants.  
4. What are the micronutrients?
5. Are micronutrients as important as primary and secondary nutrients?  
6. Are there any elements required by plants that are not supplied by 
the soil? 
7. What are the sources of essential plant nutrients?

8. What is the a challenge chemical fertilizers have in relationship to 
staying in the soil?
Lesson Evaluation Key
1. What are primary nutrients? 
Those nutrients used in the largest quantities: Nitrogen, Phosphorus, and Potassium.  

$ Always listed in that order.  

$ For example a fertilizer tag that read 10-20-10 would mean 10% Nitrogen, 20% Phosphorous, and 10% Potassium.

2.
What are secondary nutrients?
A.
Calcium, Magnesium, and Sulfur.  

B.
These are required in slightly smaller amounts than the primary nutrients.

3.
Micronutrients consist of seven essential elements that occur in very small amounts in soils and plants.  What are the micronutrients?

A.
Boron

B.
Chlorine

C.
Manganese 

D.
Zinc 

E.
Copper 

F.
Iron

G.
Molybdenum







      


4.
Are micronutrients as important as primary and secondary nutrients?  Yes, even though they occur in minute amounts their role is equally important. 

5.
Are there any elements required by plants that are not supplied by the soil? Yes; carbon, hydrogen, and oxygen are used in the largest mounts, but they are supplied by air and water.

6.
What are the sources of essential plant nutrients?

A.
Natural/organic fertilizers and soil builders.

 Legumes

 Manures

 Green Manures

B.
Chemical fertilizers.

 Nitrogen: ammonia nitrate, anhydrous ammonia, urea.

 Phosphorus: phosphoric acid( P2O5)

 Potassium: soluble potash (K2O)

7.
What is the a challenge chemical fertilizers have in relationship to staying in the soil?
A.
They leach easily.  When it rains, they are easily washed from the soil.  

B.
Natural fertilizers stay in the soil longer. 

Essential Question: 

What nutrients are vital to plant growth?
Vocabulary

Micronutrients
Nutrients
Calcium

Magnesium

Sulfur
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