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                                                                                                                     Performance Objective:
	Objectives: Students will be able to…


1. Understand and describe the criteria for being an essential nutrient and the difference in Micro and Macro nutrients. 

2. Define the 16 essential nutrients by creating a chart describing their functions and signs of deficiencies. 


	PO: 3

	PO:2
	PO:4


Need: Proper nutrition is essential for the health of all living things. A basic understanding of the essential nutrients, where they come from, and how they effect growth will better enable one to determine how to maintain adequate nutrition in animals, plants, and humans.
Time:
Two 55 minute class periods
Resources: Introduction to Controlled Environment Agriculture and Hydroponics
by Patricia A. Rorabaugh, Ph.D. , Merle H. Jensen, Ph.D. , Gene Giacomelli, Ph.D.
Revised Fall 2008
Realia (Tools, Equipment, and Supplies): Powerpoint, notesheets, Nutrient information printouts, plant deficiency/toxicity scenerios sheets, 
Key Terms: 
Essential Nutrient: Elements required by a plant in order to grow and stay healthy.
Macronutrients: nutrients required in large amounts and absorbed from the soil or hydroponic solution. 

Micronutrients: nutrients required in small amounts and absorbed from a soil or a hydroponic solution.  

Mobile Nutrient: A plant will always supply more nutrients to its younger leaves than its older ones, so when nutrients are mobile, the lack of nutrients is first visible on older leaves. 

Non Mobile Nutrient: When a nutrient is less mobile, the younger leaves suffer because the nutrient does not move up to them but stays lower in the older leaves. 

Bellwork:  What are 16 things you need to function and grow day to day? ie. Sleep, eat, clothes, phone…be specific. Things that if you didn’t have you would not function without. 
Interest Approach (build up the problem or scenario to create student interest): Tying in the Bellwork: You need certain amounts of food, sleep and water to continue to be healthy and grow and so do plants. If a plant doesn’t get the required nutrients then they get sick just like animals and humans.  Bring in a plant or leaf from a plant with a nutrient deficiency. Tell them the plant is from a home improvement store and that all of their plants have the same problem. Ask them why it’s important to determine what’s wrong with the plant? 
Transition: Explain that if the store does not determine the problem with the plants then they will lose significant profits. 
Summary of Content and Methodology

Objective 1: Understand and describe the criteria for being an essential nutrient and the difference in Micro and Macro nutrients. 


Questions & Analysis:



Q: What nutrients does the plant get from the air and water?



A:           Carbon         C

                                    Hydrogen       H

                                    Oxygen         O    
Q: What macronutrients plant nutrients?

A:
    Sulfur         S

                                    Calcium       Ca

              Phosphorus     P

                                    Potassium      K

                                    Nitrogen       N   
                                    Magnesium     Mg

Q: What micronutrients are needed by plants?

A: 
    Iron          Fe 
    Molybdenum    Mo

                                    Boron          B

                                    Copper        Cu                                        
    Manganese     Mn

                                    Zinc          Zn

                                    Chlorine      Cl

Methodology/Activity: Students will take the information learned in the lesson and create a pneumonic for the Macronutrients and also a pneumonic for the micronutrients. The students will share with the class and the student with the best pneumonic for each category as voted on for the class will have their pneumonic posted in the class room for the rest of the semester. 
Method for Evaluating Student Comprehension: Evaluate student comprehension based on the completeness of their note sheet and creation of pneumonic. 
Objective 2: Define the 16 essential nutrients by creating a chart describing their functions and signs of deficiencies.

Questions & Analysis:



Q: What are the functions of each nutrient and the symptoms of deficiency?


A: 
Macronutrients (required in large quantities)

        1. Nitrogen

           a. Function:  Promotes rapid vegetative growth and gives

                         plants healthy green color.

           b. Symptoms:  Stunted growth, pale yellowish color, burning of

                         tips and margins of leaves starting at bottom of

                         plant.

        2. Phosphorus

           a. Function:  Stimulates early growth and root formation,

                         hastens maturity, promotes seed production,

                         makes plants hardy.

           b. Symptoms:  Small growth especially in roots, spindly stalk,

                         delayed maturity, purplish discoloration of

                         leaves on certain plants, dying of tips of older

                         leaves, poor fruit and seed development.

        3. Potassium

           a. Function:  Improves plant's ability to resist disease and

                         cold, aids in the production of carbohydrates.

           b. Symptoms:  Slow growth, margins on leaves develop a

                         scorched effect starting on older leaves, weak

                         stalk, shriveled seed or fruit.

        4. Calcium

           a. Function:  Aids in the movement of carbohydrates in

                         plants, essential to healthy cell walls and root

                         structure.

           b. Symptoms:  Terminal bud dies under severe deficiency,

                         margins of younger leaves scalloped, blossoms

                         shed prematurely, weak stalk or stem

                         structure.

        5. Magnesium

           a. Function:  An ingredient of chlorophyll. Aids in the

                         translocation of starch within a plant,

                         essential for formation of oils and fats.

           b. Symptoms:  Yellowing of leaves between veins starting

                         with lower leaves, leaves abnormally thin,

                         tissue may dry and die, leaves have a

                         tendency to curve upward.

        6. Sulfur

           a. Function:  Aids in the formation of oils and parts of the

                         protein molecules.

           b. Symptoms:  Young leaves light green to yellowish in

                         color.  In some plants, older tissue may be

                         affected also.  Small and spindly plants.

                         Retarded growth rate and delayed

                         maturity.  Interveinal chlorosis on corn

                         leaves.

     Micronutrients (required in small amounts)

        1. Boron

           a. Function:  Aids in the assimilation of calcium; amount

                         required is extremely small.

           b. Symptoms:  Death of terminal growth, causing lateral

                         buds to develop and produce a "witches'-

                         broom" effect.  Thickened, curled, wilted

                         and chlorotic leaves.  Soft or necrotic spots

                         in fruit or tubers.  Reduced flowering or

                         improper pollination.

        2. Copper

           a. Function:  Promotes formation of Vitamin A,

                         excess is very toxic.

           b. Symptoms:  Stunted growth.  Dieback of terminal shoots

                         in trees.  Poor pigmentation.  Wilting and

                         eventual death of leaf tips.  Formation of

                         gum pockets around central pith in oranges.

        3. Manganese

           a. Function:  Serves as an activator for enzymes in growth

                         processes.  Assists iron in chlorophyll

                         formation.  Generally required with zinc in

                         foliar spraying of citrus.

           b. Symptoms:  Interveinal chlorosis of young leaves.

                         Gradation of pale green coloration with

                         darker color next to veins.  No sharp

                         distinction between veins and interveinal

                         areas as with iron deficiency.  Develop-

                         ment of gray specks (oats) interveinal

                         white streaks (wheat) or interveinal

                         brown spots and streaks (barley).

        4. Zinc

           a. Function:  An essential constituent of several

                         important enzyme systems in plants.  It

                         controls the synthesis of indoleacetic acid,

                         an important plant growth regulator.  The

                         micronutrient most often needed by

                         western crops.  Many tree crops,

                         grapes, beans, onions, tomatoes, cotton, rice,

                         and corn require zinc fertilization.

           b. Symptoms:  Decrease in stem length and a rosetting

                         of terminal leaves.  Reduced fruit bud

                         formation.  Mottled leaves (interveinal

                         chlorosis).  Dieback of twigs after first

                         year.  Striping or banding on corn leaves.

        5. Molybdenum

           a. Function:  Required by plants for utilization of

                         nitrogen.  Plants cannot transform nitrate

                         nitrogen into amino acids without

                         molybdenum.  Legumes cannot fix atmos-

                         pheric nitrogen symbiotically unless molyb-

                         denum is present.

           b. Symptoms:  Stunting and lack of vigor.  This is

                         similar to nitrogen deficiency due to the

                         key role of molybdenum in nitrogen

                         utilization by plants.  Marginal scorching

                         and cupping or rolling of leaves.  "Whip-

                         tail" of cauliflower.  Yellow spotting in

                         citrus.

        6. Chlorine

           a. Function:  Required in photosynthetic reactions of

                         plants.  Deficiency is not seen in the field

                         due to its universal presence in nature.

           b. Symptoms:  Wilting, followed by chlorosis.  Excessive

                         branching of lateral roots.  Bronzing of

                         leaves.  Chlorosis and necrosis in

                         tomatoes and barley.

        7. Iron

           a. Function:  Essential for formation of chlorophyll,

                         releases energy from sugars and starches.

           b. Symptoms:  Leaves yellowish or whitish (young

                         leaves first), veins green, affected

                         leaves curl up.

Methodology/Activity: Go Get it Moment (Intrapersonal, interpersonal and bodily-kinesthetic intelligences): Around the room are 16 different stations. Students will pair up and each pair will go to a station. At each station is information about one of the 16 essential nutrients. Pairs will have 1 minute per station to collect information and fill in the chart on their note sheet. Rotate to a new station after a minute. After all of the groups have collected information the teacher will then go over the nutrients in slightly more detail for students that may have missed information during the rotation. This activity gets students to move around the room and collect information that would take twice as much time for the teacher to deliver. Explain that just like in animals, plants have essential elements but they have 16 rather then 6. Go through each of the nutrient categories on the PPT. Students should take notes on their note sheet and fill in the chart with the function, deficiency and toxicity of each nutrient that wasn’t collected during the go and get it moment. 

Summary (Teacher): Understanding the essential nutrients of plants allows you to be able to know the signs and symptoms of nutrient deficiencies or toxity. This allows for proper treatment and care of the plant. 
Conclusion (Student): Students will write a conclusion statement on their bellwork sheet about the importance of understanding plant nutrients. 
Application:

Extended Classroom Activity: Take a mini field trip around campus and have students try and identify nutrient deficiencies in campus plants.

FFA Activity: Nursery Landscape CDE

SAE Activity: Students can utilize plant nutrition information when working with their SAE projects.

Evaluation of Overall Student Attainment: 
Summary of Content and Methodology
Plant Specialist/ Customer Activity. 
Students will be paired up. Each pair will either be plant specialists or customers with a plant nutrient problem. The customers will come into Plants for Less and ask the Plant specialists on duty what is wrong with their plant. The customers will have different problems that they will describe to the plant specialist. Using the material covered in class the specialsts will try to discover what is wrong with the plant based on what the customer says. If the specialist can not determine the problem they may confer with the class to figure out what the plant is suffering from.  
Summary (Teacher): Discuss the importance of quick diagnosis and treatment to the normal growth of plants.
 – Being aware of the different needs of plants helps make a quick and accurate treatment. This will help lead to smaller profit and plant loss and also use and need for less fertilizer and unnecessary pesticides. 
Conclusion (Student): Have the students develop a summary statement about the importance of proper plant nutrition.
Application:
Extended Classroom Activity: Knowledge can be used during the rest of the greenhouse management class. 
FFA Activity: Nursery Landscape CDE
SAE Activity: Students can utilize the nutrition information to properly care for their SAE projects.
Evaluation of Overall Student Attainment: Students will be evaluated based on their involvement in and diagnosis in the Plant specialist/Customer activity described above. 
Plant Deficiency Activity Scenarios:

SCENERIO 1

Plant Specialist:  Hello, Welcome to Plants R Us. How may I help you today?

Customer: Hello, My plants at home are dying and I can’t figure out what’s wrong with them. Can you help me? 

Plant Specialist: Certainly. Can you describe the symptoms?

Customer: Well my plant has turned all yellow and then it dies. All of the leaves are very yellow. I just don’t understand. I thought maybe it needed more water. What do you think the problem is?

Plant Specialist: Sounds to me like the problem is: Nitrogen Deficiency. You can tell by the plant’s leaves turning yellow. This is a classic sign of nitrogen deficiency. 
SCENERIO 2

Plant Specialist:  Hello, Welcome to Plants R Us. How may I help you today?

Customer: Hello, My plants at home are dying and I can’t figure out what’s wrong with them. Can you help me? 

Plant Specialist: Certainly. Can you describe the symptoms?

Customer: Well I raise tomatoes and all of the fruit have these rotting spots on the bottom. I asked a neighbor and he said “That there is one bad case of Blossom End rot” he also told me he couldn’t remember what element deficiency caused that. Could you help me?  

Plant Specialist: Sure. I think the problem is:  

SCENERIO 3

Plant Specialist:  Hello, Welcome to Plants R Us. How may I help you today?

Customer: Hello, My plants at home are dying and I can’t figure out what’s wrong with them. Can you help me? 

Plant Specialist: Certainly. Can you describe the symptoms?

Customer: Well you see. I’m sort of a handyman so I just put in this really nice underground watering system. Cost quite a bit with the price of copper today but it working alright. My plants were doing really good and then all of the sudden a couple started dying. When I dug them up I noticed that the roots were really dark and much thicker than usual. Do you think they aren’t getting enough water maybe? I could always upgrade to bigger copper tubing. 

Plant Specialist: The problem here is: Copper Toxicity. The plant’s roots are dark and thick. Also the customer mentioned that he just installed a copper piping watering system. 
SCENERIO 4:   

Plant Specialist:  Hello, Welcome to Plants R Us. How may I help you today?

Customer: Hello, My plants at home are dying and I can’t figure out what’s wrong with them. Can you help me? 

Plant Specialist: Certainly. Can you describe the symptoms?

Customer: I just planted some new plants and the newer leaves are kind of lighter green along middle and the little vein like things of the leaf. It’s only a problem on the newer leaves though. All of the old leaves are doing ok. 

Plant Specialist: The problem here is: Iron deficiency. The key signs are the interveinal chlorosis in the new growth. 
SCENERIO 5

Plant Specialist:  Hello, Welcome to Plants R Us. How may I help you today?

Customer: Hello, My plants at home are dying and I can’t figure out what’s wrong with them. Can you help me? 

Plant Specialist: Certainly. Can you describe the symptoms?

Customer: My plant’s leaves are starting to turn kind of reddish with the veins of the leaves turning yellow. It’s would be fine with me but they start getting brown on the edges like they are burning. The plants start dying after that point. What do you think it could be?

Plant Specialist: The problem here is: Sulfur toxicity. Key signs are the leaves turing red and interveinal chlorosis. Also the burnt edges of the leaves are signs of this toxicity. 
This last Scenario can be used to set up for a Insect damage lesson the next day. This would be used in greenhouse class or a class where the needs of plants are being focused on. 

Plant Specialist:  Hello, Welcome to Plants R Us. How may I help you today?

Customer: Hello, My plants at home are dying and I can’t figure out what’s wrong with them. Can you help me? 

Plant Specialist: Certainly. Can you describe the symptoms?

Customer: I grow tomatoes and lately I’ve been noticing a lot of drops of sticky substances on the leaves. I’ve also noticed some little white spots on the underside of the leaves. 

Plant Specialist: The problem here is: Aphid infection. The signs are the honey dew (sticky substance) and spots on the under side of leaves which are aphid immature. 
GO GET IT MOMENT 
	Brief Description 




Sometimes students just need to get up and move. So how can we have movement and keep the con- tent flowing at the same time. Here’s a suggestion: students go and get the information they need. It works like this: place sentences or paragraphs of information in conspicuous and inconspicuous loca- tions throughout the room. Students retrieve the information and share it with the class or in small groups. This strategy is particularly useful when there is a significant amount of information that must be covered. 
	The Process 




1. Chunk the information. Determine the portions of information you want students to retrieve and the locations in the room. The information could be reproduced paragraphs from the textbook or encyclopedia, primary or secondary source documents, key sentences from stories, poems, or texts, or key points of the lecture. These can be written on slips of paper or note cards. Ideally, there would be one note card for each student, but most likely there would be 10 to 15 cards. 
2. Place cards strategically throughout the classroom. Feel free to tape them under desks, chairs, tables, on the overhead, board, or door, slip them between books on the self, or staple them to the wall. Note: You could add activities or questions for students to answer at each location when they locate the information. 
3. Students go and get the information. On your command (signal), all students will stand and move throughout the room locating the cards. Students can move independently, in pairs, or in small groups. By the way, this is a timed event so let them know how much time is available. Those who find the information remain standing as others return to their seats. Or if in pairs and small groups, everyone remains standing and reads the information in unison to the class. 
	SmartTip 
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	The Go Get It Moment taps stu- dents’ intrapersonal, interpersonal, and bodily-kinesthetic intelligences. 
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