Course: Plant and Soil Science I 

Standard 5: Students will descript plant anatomy and physiology concepts.

Unit: (Objective 4), I will determine the influence of environmental factors on plant growth. 

Unit Objectives: 

A. I will describe the functions that water plays in plant growth.

B. I will explain how plants respond to a shortage or excess of water.

C. I will describe efficient ways to use water in plant production.

D. I will explain how color, intensity and duration of light affect plant growth, and how they respond to the light..
E. I will describe the effects that temperature has on plant growth.

F. I will describe how plants respond to extreme temperatures.

G. I will describe the effects diseases and insects have on plant growth.

Materials Needed (Equipment):

· Writing surface

· Overhead projector

· Transparencies from attached masters

· Copies of student lab sheets
· Lab sheets

· Quizzes and Exams

· Supplies for each lab
Facilities: Classroom, greenhouse, farm or garden. 
Interest Approach:
Light:
     Set up a prism in class to create a rainbow from sunlight. Ask the students to explain the “rainbow.” Position the prism under incandescent and fluorescent light bulbs. Ask the students to note differences in the “rainbows.” Direct the discussion towards the objectives of the lesson.
Temperature:

In this interest approach, compare sporting events like basketball to Extreme Sports. Utilize pictures of extreme sports found in the PowerPoint presentation to compare the relative danger of typical sports to extreme sports.  Why are they called extreme? Why are to people utilize protective safety equipment when performing extreme sports? What type of sport is riskier?

Hello students! To begin today we are going look at the following slides, we will discuss them in just a moment. Watch the screen. Show slides 1-6, and then ask the following questions.
1. Would you ever participate in extreme sports? Why or why not?

2. Why are they called extreme?

3. How would you feel if you were one of these extreme athletes?

4. Notice that in all pictures, they were wearing safety gear. Would you? Why?

5. Is farming an extreme sport? 

Some may argue that farming is extreme. As a producer you have to battle extremes, including extremes in temperatures. Have any of you ever dealt with extreme temperatures? Explain when.

Well, extreme athletes are able to take precautions to protect from risks of injury. Do plants do the same in extreme temperatures? We will soon find out!

Insect and Diseases:

Display pictures of plant insect and disease damages. Each picture has a something wrong with it that was caused by insects or diseases. Students will research or use previous knowledge they may have to find the damages.  

On the wall you will find pictures of different problems with plants .  You are going to find what the problem is and what the cause was.  

Give students about ten minutes to complete this assignment
Objective A: I will describe the functions that water plays in plant growth.

	Curriculum (Content)

(What to teach)
	Instruction (Methodology)

(How to teach)

	     Water covers three-fourths of the earth’s surface and it is available for plants in most areas of the world. It is also a major component of plants and animals.
     The exchange of water between earth and its atmosphere as a result of evaporation and condensation is the hydrologic cycle.
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Learning About Labels

. For this activity, you are going to imagine that you have a problem in your
garden. Last year you planted all sorts of vegetables, but all you got were weeds. You -
are determined to have a good garden this year, so you go down to the store and buy an
herbicide to kill all of your weeds. Now you are ready to go take care of the weeds,
right? WRONG! Before using any herbicide, you must read the label so that you can
. keep yourself, others, and the environment safe.

1. What is the name of the herbicide that you bought?

2. To find out what chemicals you are spraying onto the weeds, you need to find the
active ingredients. How many active ingredients are in this herbicide? List them.

3. Now that you have found the active ingredients and read the entire label (you don’t
need to read it for the activity, just if you were really going to spray), you are ready to
go out and spray. What will you wear so that you can be safe while spraying? (Hint:
PPE).

4. The weed that you have the greatest problem with is field bindweed (Convolvulus
arvensis). If your garden is % acre, how many ounces of the herbicide are you going
to mix into your tank?




       All living organisms must feed so that they can have the energy. Living organisms must also feed so that they can grow and remain healthy. Plants are no exception to this. They need to feed, but they do not feed in the same way as animals. They do not have a mouth or a digestive system and they do not move much to find and capture their food.
      Plants are made of three things. However, water is the most important. 90% of the plant is made mostly of water. 
       It is true that plants need a great deal of water to stay healthy. Remember, plants are mostly made of water. 
Water plays an important role in all plant functions.

1. Water is necessary for a plant to maintain turgor, which gives a plant rigidity and shape. Without turgor, young cells would not expand and grow.
· Turgor: Condition in which a plant is fully expanded or filled with moisture.

2. Aids in cell division and growth.
3. Helps with roots development and absorption of dissolved mineral through the roots. It provides the food source in a soluble form. 
4. Helps molecules split in photosynthesis – releasing oxygen and hydrogen.

5. Dissolves minerals in the soil so roots can absorb the water and minerals and transport them throughout the plant.
6. The process is called translocation
Translocation: the movement of water, minerals, and nutrients upward through the plant.

· Occurs due to root pressure and transpiration –when water is lost by the leaves.

· Root pressure pushes the water and minerals up through the xylem

· Sugars move down the phloem, due to source-sink relationship

· When sugar (source) are done being manufactured, they are stored in the roots, referring to the (sink).

· Water and minerals absorption is the major internal process.

· Roots are the primary source – mostly the root hairs

· Can also occur through the leaves – process known as foliar absorption.

· Absorption occurs through two process;

· Active Absorption: Taking up of nutrients

· Passive Absorption: Occurs by osmosis and is the main way water is absorbed

· Diffusion: Movement of molecules from a high concentration to a low concentration.

· Osmosis: Movement of water across a membrane

Transpiration: 

· Water loss in the plant due to evaporation from plant cells

· Occurs primarily in the stomata

· Is the function of the environment

Evapotranspiration:

· Water that is transpired from the plants and evaporated from the soil

· This helps stabilize the temperature in the plant

Transpiration Stream: The flow of water from the roots to the leaves via the xylem vessels that is caused by transpiration

· Soil

· Root hairs

· Roots

· Xylem

· Leaves

· Air
Understanding these five processes – photosynthesis, respiration, translocation, absorption, and transpiration can help you better understand how they are all related and crucial to plant growth.
	PowerPoint Presentation:
“01- Function of Water”

Show the “Hydrological Cycle” TM: C4:1A
A1: Write the question on the board or ask the class.
ACTIVITY:
Use Lab Sheet:  “How much water is available for agriculture?” You can do the lab in front of the class or have them break up into groups. 

A2: Explain to the students that plants need food, just in a different way then we mostly think.

A3. Explain the important role water plays in plant production. 
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Objective B: I will explain plants respond to a shortage or excess of water.
	Curriculum (Content)

(What to teach)
	Instruction (Methodology)

(How to teach)
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Now that everything is mixed up and ready to go, you go outside and start spraying.
Since you are wearing so much clothing, youget hot and your protective eye-wear
fogs up so that you can’t see. 'You take them off and figure you will just be careful
where you are spraying (wrong decision!). Suddenly, a burst of wind blows some of
the herbicide right into your face and gets in your eyes.. What should you do?

F iﬁélly, yoﬁ get Your eyes taken care of, and yoﬁ Safely apply the rést of the herbicide

onto: your garden. Thenext day you are in shorts and sandals and decide to walk in

- the'garden and see if the herbicide has:done-anything yet. You can’t remember what

the restricted entry interval (REI) is; so-you look it up. How long does it say to stay
outofthe sprayed area? Isitok. to g0 into your:garden with shorts and sandals?

Bonus Question:' -One rhdntﬁ later,; most of the weeds are gone, so you plant your
garden. To your shock, a lot of the seeds,don’t even germinate and those that are ‘
alive look kind of sick. - The only crop that looks good is corn. Why might that be?
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     Plant health and development is dependent on water. If the main source of life was removed, limited or supplied in an over abundance, the plant will not be able to adequately grow and achieve its crop yield.
     Plants differ in their ability to draw water from the soil and to conserve water in their tissues. Factors that improve a plant’s ability to tolerate drought include a deep, well-developed root system, waxy leaf surfaces, and hairy leaves, shiny or light colored leaves that reflect light and leaves that fold up or drop under water stress conditions.
Water Shortage: 

· Cause plant stress
· Make the plant more susceptible to diseases and insects. 
· Slow down the process of photosynthesis
· Wilting the loss of water pressure in the plant, causing limpness of the plant tissue.
· Death of plant

Excess of Water: 
· Cause plant stress

· Reduce oxygen levels for plant and root growth. 
· High Soluble Salt Accumulation 

· Death of plant 


	PowerPoint Presentation:

“02- How Plants Respond to Water”

B1: Write the question on the board or ask the class.

B2: Help the students understand that water requirements are different for various plants, due to their physical and descriptive characteristics.
ACTIVITY:
Use Lab Sheet:  “Are Plants Needy for Water?”



Objective C: I will describe efficient ways to use water in plant production.
	Curriculum (Content)

(What to teach)
	Instruction (Methodology)

(How to teach)

	     The amount of water required depends upon several factors: the type of crop, the stage of plant growth, the season of the year, the soil, or growing medium conditions, and the method of fertilization being used.  

     When the weather is cloudy, it may be necessary to reduce the frequency at which water in applied. Watering may be reduced greatly if the cloudy conditions continue for many days. 

     Small volumes of water cause a serious reduction in soil aeration. The soil or medium to be completely dry on the surface. Proper methods eliminate a buildup of a high level of soluble salts.  


	PowerPoint 

“02- How Plants Respond to Water”
C1: To help the students learn the concept of water requirements you can use plants at different growth patterns as well as plants in different medias.




Objective D: I will explain how color, intensity, and duration of light affect plant growth, and how they respond to the light.
	Curriculum (Content)

(What to teach)
	Instruction (Methodology)

(How to teach)
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  Plant life depends on light energy for food production through the processes of photosynthesis. Light itself is the transfer of energy in the form of radiation. Plants convert this radiant energy to a form of chemical energy. 
     There are three key aspects of how light affects plant growth. They are color, duration, and intensity.
Color:

     Visible light is a small segment of all the radiant energy given off by the Sun. X-rays, gamma rays, ultraviolet rays, microwaves, and radio waves are other forms of radiant energy.  
     The different rays of radiant energy have been measured based on their wavelengths and placed on an electromagnetic spectrum.

     Sunlight contains a blend of visible colors. We can see the colors when light passes through a prism. The prism separates the colors. The phenomena of separating the colors of visible light occur naturally through rainbows.  
      Each color has a slightly different wavelength. Light is absorbed or reflected by objects. Objects that appear black absorb all colors of visible light. White objects, on the other hand, reflect all the colors of visible light. If an object absorbs all of the colors but green, it will reflect green. This is the case with green leaf plants. Because green wavelengths are reflected from the leaves, they have little effect on plant growth.  
     The colors that have the greatest influence on plant growth are blue and red. In general, blue wavelengths affect photosynthesis, and red wavelengths influence flowering and growth.
Duration:

     Plants are responsive to the length of exposure to light. A mechanism within plants detects day lengths. The length of the days is known to play a role in different phases of plant growth. Some of these phases are seed germination, enlargement of leaves, development of buds, and flowering.  
· A plant’s response to Light Duration is called Photoperiodism.  

     Different plants respond differently to Light Duration.  
        Short day plants: (Long nights) Initiate flowering as the nights grow longer than 12 hours. These plants are seen flowering naturally in the late summer and fall. 
            i.e. Chrysanthemums & Poinsettias

       Long day plants: (Short nights) Initiate flowering as the nights grow shorter than 12 hours. These plants are seen flowering naturally in the late summer and fall.
           i.e. barley, alfalfa, bedding plants

      Neutral day plants: (unaffected) Are those plants that do not appear to respond to the change of day length.
          i.e. cucumbers, roses, tomatoes
     Forcing is bringing a plant to a certain stage outside its normal season. This is accomplished in growing structures with artificial light. Greenhouses are the common structures for getting a plant to grown outside its natural cycle.
Light Intensity:

     The third effect light has on plants involves intensity or brightness. Intensity of light depends largely on the angle of the Sun, clouds, and the dust in the atmosphere. 

     Light intensity is measured in foot-candles. Light Intensity is greater in the summer months when the Sun is higher in the sky. Where artificial light is provided, the source of light and the distance from the light source to the plants are important.  

     Different plant species have evolved to survive in conditions where the intensity of light varies. The major agricultural crops produce the highest yields when they receive full sunlight. 

     Crops receiving bright sunlight will have an elevated rate of photosynthesis and will produce more food. Other plants like impatiens are adapted to shady environments and will suffer if placed in full sun. 
	PowerPoint 

“03- Respond Plants: How are the Color, Intensity, and Duration of Light?”

D1: Write the question on the board or ask the class.

Show the “Electromagnetic Spectrum” TM: C4:3A

Show a photosynthesis picture to help the students understand color, intensity and duration of light and how it affects the plant.
D2: Explain the color spectrum and how plants need and do not need certain colors to grow. 

D3: Explain to the students that plants need light at different lengths and how the different lengths can help or hinder plant growth and development.
D4: Explain to the students that plants need different levels of lumens to photosynthesize and to produce a quality yield. 

Use your light meter and have the students measure the light levels in the classroom, greenhouse, or in a garden. 

ACTIVITY:
Use Lab Sheet:  “How do I look in this light?” You will want to conduct this lab, both in class and in the greenhouse or garden, so they can see the difference. 

ACTIVITY:
Use Lab Sheet: “Environmental Factors: Light Effect on Plant Growth.”



Objective E:  I will describe the effects temperature has on plant growth.
	Curriculum (Content)

(What to teach)
	Instruction (Methodology)

(How to teach)

	 

     Temperature is a main factor in plant growth.
 Life on Earth depends on heat energy from the Sun. Plants grown best in the temperature ranges to which they have adapted.  

     In fact, cold hardiness or heat tolerances are major factors in determining where native plants grow. 
Biochemical reactions, like photosynthesis and respiration are affected by temperature.  

     Life processes occur more quickly as temperature rises and slow down as temperatures become cooler.  

     For growth to occur, the rate of photosynthesis must exceed that of respiration. High temperatures can speed the rate of respiration beyond that of photosynthesis. 

     As a result, the products of photosynthesis are used more rapidly than they are produced. In many plants, photosynthesis shuts down at temperatures above 86°F. So, during hot summer days plants draw upon stored energy reserves.
Environmental Factors: Climate

· All plants outdoors are affected by the climate within their region in which they grow.
· Humans can alter the condition in a limited way, but for the most part plant growth in controlled by its natural climate.
· Gaining a knowledge of climate factors and how they affect plant growth should be a major concern.
· All parts of the United States are considered a “temperate zone” – meaning 4 seasons
· Spring, summer, fall and winter
· Seasons can also be classified as ‘Wet’ and ‘Dry’

· California – “Wet” ~ New Mexico (Desert) – “Dry”
· Growth pattern vary from season to season due to the type of plant.

· Spring:

· Yearly growth takes place

· Leafing, blooming of bulbs, fruit setting

· Produce new shoots, leaves, flowers and roots

·  Summer:

· Plant Maturation

· Flowering (fruits and veg.)

· Energy is stored for winter months.
· Fall:

· Transitional season for perennials  and woody plants

· Survival (stopping new growth & dropping leaves)

· Reproduction (seeds) and death of annual plants

·  Winter: 

· Waiting season

· Evergreen plants keep foliage and continue to function.
· Plants will take up water as long as the ground remains unfrozen – helps avoid ‘winter burn’

· The elements combined to make up climate include.

· Temperature

· Precipitation

· Humidity

· Light 

· Wind

· Each element can have an effect on plant growth due to the wide range of variatio
· Different species of plants respond differently to temperature. 
· The change of daily temperature is called, thermoperiod. 
· When changes in daily temperatures influence plant flowering and growth, plants are known as thermoperiodic 
· Temperature is a major factor in determining where plants can grow.
· Plants grow at their best in the temperature ranges to which they have adapted. 
· Temperature tolerances determines where native plants grow.
· Growing conditions are broken into two areas – heat and cold

· Plants that can withstand the lowest temperatures is called – Cold Hardiness
· Plants that can survive in temperatures about 28◦F are referred as  - Frost Tender 

· Plants that can survive in temperatures below freezing are called – Frost Hardy
· Plants that cannot survive at temperatures less than 50◦F  suffer from – Chilling Injury
· I.e. – Bananas turning black in the refrigerator 
· Minimum temperatures limit the area in which plants can grow and survive, but some do not have - cold survival. 
· Some plants require a cold period for growth and production. They need a – ‘Chilling Requirement’

· Chilling Requirements:

· Each have its own specific requirements

· They need a certain amount of warm days to mature – ‘Growing Degree Days’
· Growing degree days (GDD): Is a measure of temperature requirements for plants. 
· Can be used to estimate growth and development.
· Basic concept of GDD is the plant growth will occur when temperatures exceed the plants base temperature.
· You take the maximum temperature plus the minimum temperature in a day, then divide by 2, and then minus 50. Fifty is selected as the base temperature or constant. 

·  If a low temperature was 60°F and the high was 90°F, the GDD would be 60 + 86 = 146 divided by 2 = 73 – 50 = 23 GDD. 

Temperature Damage
· Freeze Damage:

· Cause physical damage to plant cells.

· Eliminate fruit production - killing the flowers.

· Can possibly decreases crop yield

· Kill of plants before well established
· Soil Freezing

· “Freeze out” – When roots are frozen when temperatures are too cold for the plant to survive.

· “Frost Heaving”  - When the soil freezes, which causes the water in the soil to expand, pushing up the soil around the root system.

How does temperature affect pollination?

· Pollination responds by pollen abortion and the retarding of the pollen tubes.  

· If the temperature rises above 95(F in tomatoes then the pollen will be aborted.  

· When the temperature falls below 50(F then the pollen tube will grow too slowly for the pollen to ever reach the ovary.  

· This phenomenon is called thermo dormancy, and it is the reason that tomato plants usually quit producing after July.
How does temperature affect germination?

· Many plants require cold stratification in order to germinate.

· Cold stratification is the process of seeds overwintering in the soil where the cold temperature affects the seed and germinates in the spring. 

· Seed Dormancy 

· A protective condition that prevents the seed from germinating until all of the environmental factors required for optimum growth are present.

	PowerPoint Presentation:

“04- How Much do Plants Enjoy the Hot and Cold”

E1: Write the question on the board or ask the class.

E2: Help the students understand the effects temperature has on plant growth, flowering, photosynthesis and crop yield.
E3: Explain the importance that temperature has on plants, not just on growth, but on a larger scale. 

E3 – Explain the difference between the seasons. 
E4: Explain the damages that temperature can have on crop production:

· Freezing

· Heat

ACTIVITY:

If temperature and time permits, you can place some plants in direct heat and some in the cold and have the students examine and write down the effects that temperature has on growth and development.




Objective F:  I will describe how plants respond to extreme temperatures. 
	Curriculum (Content)

(What to teach)
	Instruction (Methodology)

(How to teach)

	 

     Different species of plants respond differently to temperature. Temperatures also play a role in different plants functions.
What is the importance of temperature on plants?

· Effects plant growth based on air temperature

· Determines if plants will grow or not

· Effects the rate of photosynthesis and transpiration

· Effects the rate of mineral and nutrient uptake

· Aids in helping producers reduce water use and plant thirst

     The change of daily temperatures is called thermoperiod. When changes in daily temperatures influence plant responses, such as flowering, the plants are said to be thermoperiodic.
     Some plants require a cold treatment for physiological processes to occur. This is known as vernalization.

· Vernalization: Process where a period of cold temperature is required for flowering.

        I.e. Tulips and narcissus require vernalization to flower. Some cereal grains, including winter wheat, also require vernalization. 

     Seeds of some plants have a dormancy mechanism that is broken by a cold period. The seeds do not germinate until the seed has undergone a cold period. This cold requirement for seeds is known as stratification.
· Stratification: Process where seeds must go through a period of cold temperature before it will germinate.
      Plants can be classified by their tolerance to withstand cold temperatures. Plants are categorized as hardy or non-hardy, depending on their ability to withstand cold temperatures. 
· Hardiness: Is a plant’s ability to tolerate cold temperatures.
Another element in climate is – precipitation.

· It comes in many forms:


· Rain

· Snow

· Hail and Sleet

· Dew
· Rain is the greatest form of precipitation to plant growth

· Excess or lack of can have both a positive and detrimental effect on how plants grow.
· Snow cover is an important part in plant survival – Insulator
· Hail and Sleet can injure plants – tearing, branch breaking, and damage of fruit.
· Dew
Effects are limited to plants growth, but can be a factor in the spreading of diseases
Another element in climate is – Humidity.

· High humidity improves plant growth – reducing the amount of water loss.

· Plants can survive in low humidity levels as long as there is adequate amount of water supply.

· Is a common concern for houseplants – usually very low.

Another element in climate is – Light 

· Duration – based on latitude and season

· Intensity – based on latitude, seasons, and elevation

· Quality – based on color of light

· Areas around a home can be classified into three categories;

· Full Shade – receive around 1 -2 hours of sunlight in the morning or evening

· Partial Shade – receives direct sunlight about a third to half of the day

· Full Sun – receive sunlight majority of the day and evening

The last element of climate is – wind 

· Can increase water loss in plants in desert areas

· Can damage evergreens due to “freeze dry” – removing the moisture from the foliage.

· Wind can also cause damage directly to the plant 

Climate Modifiers:

· Natural factors can modify climate elements

· Elevation

· Topography

· Bodies of water

· Elevation

· Higher elevation – cooler average temperatures

· Topography

· Terrains with slopes can vary in temperature from top to bottom

· Rain and sunlight will also be different on each side of the terrain

· Bodies of Water

· Moderate temperature –making the summer cooler and the winter warmer

Microclimates – Areas that have slight different climate characteristics than the surrounding area. 

· Can be artificially made or naturally occurring

· Created by natural terrain or vegetation or unintentionally created by building, fences or roads.

     The USDA has established a plant hardiness zone map for the United States, which reflects the average minimum winter temperatures for given areas. The map shows eleven zones of temperatures. It is valuable in selecting plants adapted for growing in those areas.
· Cool temperature plants need temperatures of 60-80 (F.  

· Warm temperature plants need temperature of 75-90 (F.
  USDA Hardiness Zones:   
     The 2012 USDA Plant Hardiness Zone Map is the standard by which gardeners and growers can determine which plants are most likely to thrive at a location. The map is based on the average annual minimum winter temperature, divided into 10-degree F zones. There are 13 zones.

     Growers and farmers use temperature to control the management of plant and crop production. There are two practices that growers can use to manage their crop production. 

USDA Heat Zones:

Heat zone is broken into 12 zones based on the number of average days above 86◦F.
· Cold is not the only factor determining whether our plants will survive and thrive. Particularly during seasons of drought.

· Heat Damage:

· Cause a loss of yield and aesthetic appeal of crops.

· Plants cannot cool themselves down.

· Plants cannot supply water quickly enough to replace water lost from transpiration.

· Wilting

· Cause plant tissue to dry up and die


	PowerPoint Presentation:

“04- How Much do Plants enjoy the Hot and Cold”

F1: Write the question on the board or ask the class.

F2: Help the students understand that temperature helps aid in germination, flowering, root development, etc... 
ACTIVTY: 

Have them plant tulips, narcissus or daffodils in the Fall. 
ACTIVITY:
Use Lab Sheet:  “Stratification, Will it Help”  
ACTIVITY:

Use Lab Sheet:  “What do I Like: Mild, Hot, or Cold?”  
Show the “USDA Hardiness Zone 2012”

It is updated with 13 zones, where the last one had 11.

Go to http://planthardiness.ars.

usda.gov/PHZMWeb/. Then click on Utah for our local zones.

Show the “Utah Hardiness Zone” This will help the students know is local zones.
F3: Help the students know the purpose for the USDA Hardiness Zone and what Hardiness means. Explain to them that they zones are an average.
F4: Explain to the students the management practices producers use to help plant respond best to temperatures. 

Shoe the USDA Heat Zone. Explain the purpose for the zone. 
i.e. vegetables




Objective G:  I will describe the effects diseases and insects have on plant growth.

	Curriculum (Content)

(What to teach)
	Instruction (Methodology)

(How to teach)

	 


     Pests can injure plants in many different ways. These damages can result in losses for the producer, which will eventually be passed on to the consumers. 
     Damage caused by plants may be observed by outward symptoms consisting of:
· Holes in the leaves 

· Damage the vascular system

· Attacks to the fruit

· Contamination of the plant

· Loss of nutrients

· Damage to land

· Death of the plant
How damage affects the producer:
· Reduced yields

· Lowers quality

· Increases production costs

· Provides hiding place for other pests

· Restricts marketing
Identifying the Affected plant
· The first step in diagnosing a plant problem is identifying the plant that is affected.
· Identifying the plant helps narrow the list of possible causes considerably.

· A species will often have the same problem repeatedly.
· With this knowledge, one can diagnose the problem given the plant name and symptoms.

· Once you identify the plant that is affected, then you can determine the cause. 
· Plant problems are caused by two conditions.

· Biological (Biotic)

· Environmental Conditions (Abiotic)
Biological – Organisms that include insects, rodents, and microorganisms, such as bacteria, viruses, and fungi.
Environmental Conditions – Include heat, drought, cold, etc…

How can we determine if the problem is Biotic or Abiotic in origin?
· Examine the plant closely because they both cause specific problems.
· See if something is gained or something is missing. – Look for evidence that helps distinguish between the two.
· Once the problem is discovered the necessary treatments can be taken

· Damage to plants by  insects  and related pests is almost always from feeding in two ways:

· Chewing 
· Sucking
Biotic – Microorganisms
Chewing – Pests such as larvae (caterpillars & grubs), grasshoppers, boring insects, snails and beetles.

· These pests eat plant parts and become a major problem as they mature

· Easy to identify – insects may be present or holes are found in leaves, stems and/or roots.

· If chewing pests are suspected, inspect the plant to determine the insect causing the damage.
· Under the leaves, near buds and feeding site, as well as the soil should be inspected. 
· Many pests are not present during day, so inspection should take place after dark.

Sucking – Pests that feed on the sap by inserting their mouthparts into the phloem or by feeding on sap from wounds. 
· Pests such as aphids, scales, mites, whiteflies, thrips, etc…

· Diagnosis is more difficult

· Usually small and varies in damage

· Symptoms include puckering (cupping) or bleaching of the leaves.
Another organism that damages the plants are microorganisms
· Cause diseases that kill the foliage or rot the root system.
· Divided into three types;

· Fungi
· Bacteria
· Viruses
Fungi – single or multi-celled organism that lacks chlorophyll

· Rely on sources for food and energy

· Responsible for more plant diseases

· Easy treated
Common Fungus diseases of plants

· Mildew
· Wilt
· Rot
· Leaf spot
· Rust
· Canker
· Smut
· Blight
Bacteria – single celled organism, usually lack chlorophyll, and grows in colonies

· Spread by splashing water or contaminated tools

· Responsible for few plant diseases

· Difficult to treated
Viruses – not alive and not referred as microorganisms

· Spread among plants by pests and hum
Viruses:

· Stunt
· Curly Top
· Mosaic 
· Yellows
Abiotic – Environmental Conditions
Frost Damage - differs according to age and specie

· Young tissue is more tender

· Woody plants are more resistant

· Symptom – overnight wilting (uppermost leaves and buds)
Winterkill – is the partial or total death due to cold temperatures.

· Complete winterkill both tops and roots die

· Manifest “burning” of evergreens – leaves turn brown, causing the tree to be marred.

Drought – Occurs due to the lack of water

· Wilting is the main symptom

· Drought-struck plants will revive unless leaves are leathery and crisp

· Many will regenerate from roots
Poor Drainage & Flooding – In which roots remain in water (saturated soil)

· Plants die due to the lack of oxygen

· Many will tolerate occasional flooding

Lack of Soil Nutrients 
· Will not kill plants, but stunt and bleach

· Symptoms vary with each specie –required amount of elements

· 80% of deficiencies are lack nitrogen, phosphorous, and potassium. However, in Utah – potassium is readily deficient, due to our soil type.

Unavailability of Nutrients – pH –Plants that are unable to absorb the essential elements due to high or low pH. 

· Iron and Manganese are the most effected by pH

Excess Soil Salt – An excess of a nutrient buildup in the soil

· Wilting and browning will occur

· Similar to signs of drought

· Cured by leaching 
Heat Scorch- Due to reflection of sun-generated heat from surfaces

· Higher on south-facing walls

· Leaf margins and veins turn brown

· Tolerance varies among species  

Soil Compaction – the compacting of soil due to high traffic areas

· Air space is compressed

·  Air & water absorption is inhibited  

· Slows plants grow – extreme cases plants may die

Improperly Applied Chemicals – Injure to plants when chemicals are applied in excessive amounts or to the wrong specie.

· 2, 4-D is the most frequent killer

· Spray drift can also cause distorting and curling of the plant

Grade Changes – Raising soil levels over roots more than a few inches.

· Water and oxygen are restricted 

· Tree wells are necessary
Air Pollution – Problem in few areas

· Affects susceptible plants – cone bearing evergreens

· Damage occurs in many forms
· Browning or death of foliage

Treating Plant Disorders
· To restore a plant to its healthy state it depends on the condition (Abiotic or biotic).
· Abiotic – Correct the condition or find a plant that will tolerate the situation
· Biotic – Find plants that are not susceptible or keep plants healthy or use an integrated pest management approach.

· IPM (Integrated Pest Management)

· Identification (plant and pest)
· Damage to plant (location)
· Sanitation Control 
· Physical/Cultural Control
· Biological Control
· Chemical Control
Integrated Pest Management
The basis of an IPM program is to predict the problem and formulate a control plan
· The current, most widely accepted approach to pest management is integrated pest management (IPM).

· Pests are recognized as a part of the crop ecosystem.
· The goal is to reduce damage to a low level.

· Below the economic threshold, above which injury
cannot be tolerated and controls must be used.
· When this action threshold of damage is reached, control measures are taken.

· While difficult for a gardener to be familiar with the life cycles of all the insects and diseases of plants, he/she can use integrated pest management to a limited extent:
· Decide whether it is due to an insect, disease, rodent, nutritional deficiency, or other source.
· Determine whether the harm being done is sufficient
to justify control—set a level of tolerable damage.

· Treatment might not be justified at all.
· Use cultural/biological controls, if practical &available.
· Apply a pesticide as a last resort, or if the only available control.

· Identification (plant & pest) - Before deciding to take any control action, you must correctly identify the plant infected and the pest causing harm. 
· Learn pest and host life cycle, anatomy, biology, color, shape, mouthpart (chewing or sucking), and size. Often, other stages of the life cycle are susceptible to preventative actions. 
 Life cycle: The way the pest develop, grow and change.

· Complete Metamorphosis
· Incomplete Metamorphosis 
Complete Metamorphosis – Has four changes of growth and development. 

· Egg

· Larvae

· Pupa

· Adult

Knowing what to look for can help identify the insect

Incomplete Metamorphosis – Has three stages of growth and development. 

· Egg

· Nymph
· Adult
Damage (location) – To identify the location of the damaged tissue can help narrow the pest. 

· Damage parts:

· Leaves (top and bottom)

· Roots

· Stems

· Buds

· Fruit
This will help again indentify the pest as a chewing, sucking or disease.
PHYSICAL CONTROL

Sanitation – Involves removing diseased plant material or harboring plant material.
· Reduces the pest population

· Weeds and leaves should be removed
Physical Control – Method that physically prevents activity of pests and diseases.
Pruning – A control technique to control localized diseases – gall, wilt, canker, and blight
Rouging – Removing diseased plants to stop spreading.

· Valuable for annuals

· Controls only viruses and bacteria
Crop Rotation – Planting a different specie in an area each year

· Valuable control for soil-pathogens

· Planting Resistant Species – One of the best control methods

· Many plants have resistance to diseases

· Plant Selection and Culture – Selection of plants that are not generally affected by diseases, as well as are adaptable to the climate (environment)
BIOLOGICAL CONTROL
Biological Control - Involves the use of beneficial living organisms to control pests (Microbial, parasitic, or predators organisms).

· Advantages:

· Considered environmentally safe – no use of chemicals
· Does not create new pest problems
· Pest cannot develop resistance
· Disadvantages: 

· Very narrow host range
· Process is slow
· Does not eradicate pest
· Expensive and requires supervision
CHEMICAL CONTROL
Chemical Control - methods involve the use of chemicals such as poisons, growth regulators, sterilants, and attractants and repellants to control pests.

· Used when all other factors are useless

· Should be specific to the pest

· Used when outbreaks are severe

· Chemical controls:

· Insecticides

· Miticides

· Fungicide

· Bactericide

· Herbicide

· Pesticides

There are various chemical control methods.

· Sprays – kill on contact or are absorbed

· Soil Drenches – Contact or systemic  underground

· Systemic – absorbed in the plant and kill pest that feed on the plant

· Baits – Stomach poisons

· Repellants – products applied to plant to repel insect.

CHOOSING CHEMICALS

· Table 7-4 lists the LD50 of many common insecticides, fungicides, and bactericides.

· The “lethal dose killing 50% of a population.”  

· Expressed in milligrams per kilogram of total body weight.
· Pesticides with different modes of action should
be rotated to avoid resistance.

· The mode of action is the way it kills the pest.

· Rotating between insecticides with different modes
of action, resistance development is slowed & better
pest management results are obtained.

Rules to observe:

· Use chemical only when needed.

· Select the least toxic

· Read the label carefully

· Wear protective clothing when mixing and applying chemicals

· Apply when weather is good (not to hot or windy)

· Apply the amount specified

· Apply complete coverage

· Use good conditioned and appropriate equipment

· Dispose of chemical properly

· Label holding tank and treated crops with the name of the chemical used.


	PowerPoint Presentation:

“05- Why I hate Pests and Diseases”

G1: Write the question on the board or ask the class.

G2: Explain to the students 

that the main reason plants 

are infected with diseases and 

insects is because of the environmental factor, such as 

water, air, temperature, and light. 

If a grower makes sure his or her crops are well taken care of, the plant will do the rest.  
Show the pictures in the PowerPoint.
Show pictures of each metamorphosis.

Show pictures or look at live leaves that have damage

Use the IPM labs
Handout the reading a pest label activity.
Copy the Pest label so they can all have the same label and worksheet. 

Use this website to find the label 
http://www.monsanto.com/products

/Documents/MSDS-Labels/landmaster_II_label.pdf




Evaluation:
· Environmental Factor Unit Exam and Key 

· Environmental Factor Objective Quizzes and Key
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Name_____________________________________

Lab Sheet
Plants are Needy for Water? 
Objective:

The student will experiment the effects of an even water supply on plant growth.

Materials Needed:

· 6 bean plants for each group that are 4 weeks old or any plant that has been transplanted and has four or more leaves.

· Containers with saucers

· Water source

Procedure:

1. Give each student group a set of 6 bean plants of similar size.

2. Ask students to label two of their plants “A,” two “B,” and two “C.”

3. Have students measure the height of the plants; count the number of leaves, and record the data. Place the plants in the school greenhouse.

4. For the next three weeks, have students water the “A” plants daily, the “B” plants every other day, and the “C” plants every Monday. With each watering, students will apply enough water to come out the bottom drainage hole. Fifteen minutes after watering, students should dump the water out of the saucers.

5. Have students measure the height of each plant and count the number of leaves weekly.

6. Have students write comments about the appearance of the plants just before watering:

A. Is there any change in color of leaves? 

B. Are all plants standing up well? 

C. Are the leaves extended? Or, are they drooping?

7. Continue the watering practice for 8 weeks

8. At the end of the experiment, have students create a bar graph of the changes in the plants and analyze the data.

9. Each student should write the conclusions that these data suggest.

10. Discuss findings and comments in clas

Name_____________________________________
Lab Sheet
How Much Water is Available for Agriculture? 

Objective:

Students will recognize the extent of available water for agricultural purposes.

Materials:

· Plastic gallon jug

· Measuring cup

· Clear bowl

· Eyedropper

· Small plate

Procedure:

1. Fill the one-gallon jug with water. It represents all the water on earth.

2. Use the measuring cup, and remove one-half cup of water from the jug. Pour this into the clear bowl. This water represents all the fresh water on earth, which is about 3 percent of the total amount of water. The other 97 percent is salt water. Freshwater is found in lakes, rivers, groundwater, ice, and in living things.

3. Use the eyedropper to remove one drop of water from the bowl. Place this drop of water on the small plate. This one drop represents the freshwater available for people and for agricultural purposes. The rest of the half-cup of water is deep ground water, bound up as soil moisture, biomass water, or water in the atmosphere.

Name_____________________________________

Lab Sheet
What do I like, MILD, HOT or COLD? 
Objective:

Students will contrast the growth of plants grown in environments with different temperatures.

Materials:

· Three cups or 4 inch pots per lab group

· Potting soil

· Bean seeds or any seed of choice

· Ruler

· Thermometers

Procedure:

1. If using cups, puncture the bottom of each cup to allow for the drainage of excess water.

2. Label the pots. Fill the pots or cups with potting soil. Firm the soil and add more to bring it level with the top of the pots or cups.

3. Plant three bean seeds one half inch deep in the center of each pot or cup. Water thoroughly.

4. Place one pot in an area of room temperature (70–78°F), one in a warm area (above 78°F), and the third where temperatures are cool (below 70°F). 

5. All three containers should receive bright light. Different areas in a greenhouse would work well. A hot pad could be used to provide the additional heat for the warm conditions.

6. Locate thermometers at the plant level in each area. Water the containers thoroughly when they approach drying.

7. When the seedlings are about 5 centimeters tall, remove two plants by pinching the stems.

8. Observe the plants every day. Record the temperatures, plant heights, and leaf counts every three days on the table provided.

Name: ___________________________________

Lab Sheet
Stratification, Will it Help? 
INTRODUCTION: Many seeds require special treatments before germination can occur. The causes of seed dormancy are varied and include such things as a hard seed coat, an undeveloped embryo, requirement of a particular environmental factor, or the presence of an inhibitor.  

PURPOSE: For you to use the scientific method is researching the process how pre-treating seeds in a cold and moist environmental condition can help break down seed dormancy. 

MATERIAL: 

· Cooler

· 5 Sandwich bags

· Marker

· 606 plug tray and insert

· Potting soil

· 6 labels

· Seeds  

· Paper and pen

 PROCESS:

1. Lay out the steps of the scientific method. The scientific method is a way you can ask and answer scientific questions by making observations and doing experiments. 

· Question 

· Background information 

· Hypothesis

· Experimental design

· Independent and dependent variables

· Observation

· Collect and analyze data

· Procedure

· Results 

· Conclusion

· Application

2. Gather up all your materials and supplies to conduct your experiment.

3. Take your five sandwich bags and label each with a number 1 through 5, with your name, and the name of the seed, and date. 

4. Count out 30 seeds and place 6 seeds in each sandwich bag

5. Take your sandwich bag and place a hand full of soilless media in the bag, then seal, and mix seeds around in soilless media.

6. Place your sandwich bag with seeds and soilless media in the cooler

7. Set up your controlled in the greenhouse, by taking your 606 plug tray with insert and filling only one cell pack with soilless media

8. Plant one seed in each cell and then place in designated area

9. Label the cell pack with your name, name of seed, and date.

10. Write down all this information in your binder, recording the date, temperature in the cooler, and greenhouse. 

11. Check experiment each class period writing down all observations, such as germination, temperature, and the date. 

12. In the next four to five months, indicated by your instructor, you will plant each one of your bags at different times, to see if stratifying the seeds will break down seed dormancy and speed up germination. 

13. First, start with bag #1, then, #2, and so forth, until you plant all five. 

14. Each time you plant your bag of seeds, fill the 606-cell pack with fresh soilless media, with one seed per plug.

15. Label each cell pack with the number on the bag, the date, and the name of the seed.

16. Once the experiment is completed, analyze your data and record your results

17. Report your findings

Name: ___________________________________

Lab Sheet
Environmental Factors: Light Effect on Plant Growth

Introduction:
Living things in an environment respond to other factors in that environment. This activity enables the student to see how light might effect the growth response of a plant.
Materials:
· Radish Seeds
· Potting soil
· Small Styrofoam cups
· Metric ruler
· Graph paper
· Small boxes
· Red, Green, and Clear transparent plastic wrap
Procedure:
· Divide the class into working groups and give each group an identifying number.
· Each group will prepare 3 pots with potting soil.
· Students will plant 15 seeds just below the surface of the soil in each pot. Water equally.
· Allow 3 days for germination and initial development.
· After the three-day period, place the three pots next to each other. Select 5 plants from each pot by weeding out the rest. Make sure all the remaining plants in the pots are the same size.
· At the end of this selection process, you should have 3 pots with 5 plants in each.
· Label each pot: 1A, 1B, and 1C.
· Measure the height of each plant in centimeters and record the average height for each pot in the chart below. 
· Place 1A in a box and cover it with red transparent wrap.
· Place 1B in a box and cover it with green transparent wrap.
· Place 1C in a box and cover it with clear transparent wrap.
· Place the boxes in the sunlight and measure the growth of the plants for 5 days. Record your data in the chart below.
· Graph the data after the 5-day trial period.
Table 1 

	aaaaDayaaa 
	 Pot A  
	 Pot Baa  
	 Pot C  

	1 
	  
	  
	  

	2 
	  
	  
	  

	3 
	  
	  
	  

	4 
	  
	  
	  

	5 
	  
	  
	  


LAB
Fuzzy Wuzzy was the Buggy

OPERATION: Your species of insects have invaded the local greenhouse. Your mission is to research the enemy and develop a strategic plan on how to control and eradicate (eliminate) it and its cohorts in crime.

PROCEDURE OF MISSION: You are an entomologist (insect geek). You have been asked to work with another insect geek and gather research data about your enemy. Your research and plan are to be presented to the board of PEST: Protective Eradication Scientific Team. Your presentation needs to be in poster board format, typed, which will include the following: 

· Colored pictures of the enemy in question ______________________

· Physical Characteristics of the enemy, young and old (body, legs, color, size, etc)

· Biological Characteristics (reproductive properties, genetics, etc)

· Life Cycle (pre-birth through death, etc)

· Monitoring procedures (purpose, availability)

· Physical, Biological, Chemical management control options 

· Crop Damage (Type of plants affected, location, etc)

GRADING: Your project will be graded on completeness, uniqueness, and creativity. You will also be graded on your group presentation, and groups work and participation.
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Integrated Pest Management Program
PURPOSE:

Integrated Pest Management (IPM) is the practice of combining your knowledge of the pest and host plant with multiple tactics for long-term, safe pest control. The goal of IPM is pesticide reduction, by using cultural, mechanical, and biological controls before the last option, pesticides. When pesticides are used, we choose the least toxic first, with the idea of preventing environmental degradation and preserving natural enemies. Following the components of an IPM program will allow you to harvest a healthy crop.

STARTING AN IPM PROGRAM:

· Description:

Before deciding to take any control action, you must correctly identify the pest. Learn pest and host life cycle, anatomy, biology, color, shape, mouthpart, and size. Often, other stages of the life cycle are susceptible to preventative actions. 
· Damage:

In creating a pest management program, you must identify where the pest is located on the plant. This will help you know what type of damage the pest can create. In indentifying damage signs, you can create a preventive action plan. 

· Management:

Monitor or sample environment for pest population - How many are here? Preventative actions must be taken at the correct time if they are to be effective. For this reason, once the pest is correctly identified, monitoring must begin before it becomes a problem. Choose an appropriate management tactics for any pest situation. Options include mechanical or physical control, cultural controls, biological controls, and chemical controls.

ACTIVITY:

a. Around the room are various pests and diseases that attack our greenhouse community. The object of this activity is to learn the basic steps of creating an IPM program. The task is to describe one pest that you find.

b. After you identify your pests, you are to choose a pest to research and create a basic IPM program for our greenhouse community. Your IPM is to be displayed in a brochure, having information on both sides that include all needed information to implement a preventive action plan. To be effective, you must include pictures of the pest, the life cycle, etc. The more descriptive you are the better your plan will be.  
c. Sites: http://www.ipm.ucdavis.edu, http://ipm.osu.edu/, New York State IPM, http://extension.usu.edu/yardandgarden/, MSU IPM, Purdue IPM, Penn State IPM. www.utahpests.usu.edu/ipm
d. Hand in IPM program: 




What important part does water play in plant growth and production?

















What would occur if a plant had an inadequate water supply?


























Why do plants need light?


How does light effect plant growth?








What would happen if the plant had an over abundant source of water? 








Why should we be concerned about the damages caused by pests on plants?











What are some plant responses to temperature?





Some may argue that farming is extreme. As a producer, you have to battle extremes, including extremes in temperatures. Have any of you ever dealt with extreme temperatures? Explain when.








What problems do diseases and insects cause on plants?








