	Instructional Plan
	Instructors:
	

	Course:
	Plant Science

	Unit:
	Plant Pathogens and Plant Diseases

	Competency:
	

	Lesson Title:
	Biological Ice Nucleation

	Estimated Time:
	 

	Course Objective:

	Standards
AG-BAS-2: The student interprets the role of the applied sciences in Agriscience and identifies current issues relating to Agriscience. 
AG-BAS-7: The Student demonstrates an understanding of the basic principles of plant science. 
AG-BAS-10: The student identifies major pests of agriculture, their damage and prescribed control methods. 
AG-GH/PS-8. Students will define the damage caused to plants by insects, weeds, diseases, and physiological disorders. 
AG-PSB-1 The student analyzes and explains the importance of plant science, agriscience and biotechnology in agriculture and society.
AG-PSB-15 The student identifies diseases, related organisms, and physiological disorders affecting plants, and prescribes methods of prevention and control.

	Lesson Objectives / Study Questions

	Students will be able to:
1. Describe the five most common pathogens that cause diseases in plants
2. Differentiate between fungi, bacteria, viruses, nematodes, and parasitic plants
3. Classify Pseudomonas syringae as a bacterium that lives in water and on plants
4. Formulate a hypothesis on what they believe will occur when the bacteria are added to water at -15 degrees Celsius

	Materials, Supplies, Equipment, References, and Other Resources:

	Lecture Materials:
Biological Ice Nucleation PowerPoint

YouTube Video #1: https://youtu.be/KSNF_yDoA4Q
YouTube Video #2: https://youtu.be/2QdPJp-o1NA

Laboratory Materials:
· Two small nesting plastic-ware containers (16.6 Fl. OZ./490 mL)
· 2-3 cups crushed ice 
· ½ cup table salt
· Distilled Water
· Disposable plastic Pasteur pipettes
· Thermometer to measure -15C
· Spoon or stirring rod
· Paper towels, napkins, rags
· Small 2-oz clear-plastic screw cap bottles
· Water resistant Sharpie markers and/or water-resistant tape
· 2 tubes of Pseudomonas syringae pv. syringae strain 892 0.5 mL water suspensions.
· Available from the Kvitko Lab at the University of Georgia. Bacterial suspensions can be stored in the dark at room temperature or in a refrigerator for at least 6 months





	Situation:

	Plant Pathology/Plant Diseases
Plants can be affected with bacteria, viruses, fungi, nematodes, parasites. This is important to understand because we need to know how to protect and treat our plants and crops against these infections. Plant diseases and pathogens can impact plants in many ways, the same that humans and animals can be impacted.

Focusing on plant pathogens from bacteria, one common bacterium that infects many crops and trees is Pseudomonas. One strain of Pseudomonas, Pseudomonas syringae, is very common and is abundantly found in the environment.

Pseudomonas syringae (soo·duh·mow·nuhs sir·in·gee) bacteria live on the surfaces of leaves and are usually peaceful and harmless. Ice nucleation is an interesting part of their life cycle.

When the weather gets cool, P. syringae bacteria can act as ice nucleators and cause frost to form more easily on plants. The sharp frost ice crystals can cause damage to plants. This can help P. syringae get inside leaves and cause a plant infection. P. syringae bacteria can also get into the atmosphere where they help nucleate ice crystals to form clouds. This is called bioprecipitation. The bacteria can come down in rain or snow and be dispersed onto new plants.

Water has to turn from a free-flowing liquid into solid ice crystals to freeze. Ice nucleators can help ice form more easily by getting the crystal patterns started. 
Some of the best ice nucleators ever discovered are actually some types of bacteria that cause diseases on plants.





	Introduction:

	Interest Approach (5 minutes)






	Instructor Directions / Materials
	Outline

	Lecture (20 minutes)

Biological Ice Nucleation PowerPoint

Provide students with access to slides in online format to follow along

Progress through PowerPoint slides, highlighting the important concepts listed below each slide in the outline
	Transition from IA to Lecture
We all know that our loved ones can get sick from viruses and bacteria, but have you ever thought about how your plants can also get sick from viruses and bacteria?
Plants are also infected with diseases from viruses, bacteria, fungi, and other parasites

Slide 2: How to Identify Plant Diseases

[image: ]
Define Plant Disease: an abnormal condition in living plants
· These are a few signs of diseases in plants, which are abnormalities in the structure or function of the host plant cells and/or tissue
· All plants are subject to disease
· The result of an infectious or biotic (living) agent, or a noninfectious or abiotic (non-living, physical, and/or chemical component) factor
Plant Pathology: The study of plant diseases and abnormal conditions

Slide 3: Environmental and Parasitic Diseases

[image: ]
Descriptions of the two categories of Plant Diseases
Environmental Diseases: caused by factors not appropriate for the plant
· Nutrient deficiencies
· Chemical injury
· Weather conditions
· Mechanical damage
Parasitic Diseases: caused by small organisms that live in/on the plant and disrupt life and growth
· Various organisms that obtain nutrients from the host plant
· Defined by how the organism secures its nutrients and a pathogen is defined on the basis of causing abnormalities
· Also known as plant pathogens
· Thinking back to our interest approach, what do we know about pathogens? What are the types of pathogens that lead to disease or illness?
· Possible Correct Answers:
· Bacteria, Virus, Fungi, Parasite
· Organism that leads to disease
· Infections
· Humans get infected with pathogens and become sick
· Plants can get “sick” just like we can
· There are pathogens that can infect a variety of plant hosts
· Pathogens can cause sickness or disease in plants
· The five most common pathogens that affect plants are: Fungi, Bacteria, Viruses, Nematodes, and Parasitic Plants 

· Allow students the opportunity to share how they believe these pathogens spread from plant to plant
· Possible Responses: Students may respond with similar responses from above - Insects, human interaction, weather (rain, wind, snow, etc)


Slide 4: Signs and Symptoms – What are they?
[image: ]
Sign of Plant Disease
· Physical evidence of the plant pathogen
· Fungal fruiting bodies are a sign of disease – when you see powdery mildew on leaves, you are looking at the organism itself
· Bacterial ooze, which is a liquid that emerges from the plant tissue, is a sign of disease
· The two images on the left of the slide are signs of fungal leaf rust in corn (left) and bacterial ooze (right)
Symptom of Plant Disease
· Visible effect of the disease on the plant
· Symptoms include a detectable change in color, shape, or function of the plant
· Leaf wilting is a common symptom, caused by bacteria and fungi
· Necrotic lesions are also a symptom caused by bacterial blight
· The two images at the top of the slide are symptoms of viral disease (yellowing leaves – left) and bacteria causing necrotic lesions (right)

Slide 5: Fungi
[image: ]


Plant Pathogens: Fungi
· Fungi are: one-celled organisms​
· Only a small subset of fungi are plant pathogenic fungi
· Fungi reproduce via the production of spores, which are spread by wind, water, insects, contaminated tools
· Some fungi are able to produce structures that enable them to survive in the soil for many years – also known as soilborne fungi
· Fungi are one the most common cause of plant diseases​, and cause root and stem rots, shoot and leaf blights, leaf spots, cankers, and wilts
· Fungi can be controlled with chemicals​ and biological fungicides including soil fumigants, disease-free seed and propagating stock, crop rotation, and the development and use of resistant plant varieties


Slide 6: Bacteria
[image: ]
Plant Pathogens: Bacteria
· Bacteria are: one-celled organisms​, that have no nucleus
· Most bacteria that are associated with feed on dead organic debris and do no harm to plants – however a few species can cause diseases
· Only a small subset of bacteria are plant pathogenic bacteria
· Bacteria commonly enter plants through wounds​, stomata, flowers, stems, leaves​, and reproduce rather quickly
· Bacteria enter into wounds created by wind, hair, heavy rain, and/or mechanical damage
· Bacteria can spread by infected seed, or plant to plant by water splashing, insects, and humans
· After bacteria that cause plant diseases enter the plant, common signs and symptoms are leaf spots, wilts and fruit rots​
· Unfortunately, bacteria do not often respond to chemical management. Using genetic host resistance is the best option. 
· There are around 200 species of bacteria that live within the plant, on its surface, in plant debris, or in the soil – and dissemination of the bacteria occurs through various ways
· As mentioned earlier, this can be by entering plants through wounds (created by wind, hair, heavy rain, and/or mechanical damage), stomata, flowers, stems, leaves where they reproduce rather quickly
· Bacteria can spread by infected seed, or plant to plant by water splashing, insects, and humans
· ​Collectively, there are strains of bacteria that infect a wide variety of plant hosts​, such as tomatoes, wheat, citrus trees, ornamentals, and potatoes
· However, there are individual strains of bacteria that are host specific​, such as Ralstonia solanacearum (infects tobacco, tomato, eggplant, pepper), Erwinia amylovora (apple and pear), Pseudomonas syringae (tobacco, beans, tomato, and others), and Xanthomonas campestris (cabbage).

 
Slide 7: Viruses
 [image: ]
Plant Pathogens: Viruses
· Not actual living organisms – viruses are proteins​ and particles from RNA or DNA with a protein coat
· Plant pathogens and diseases are specific to certain plants or varieties of plants​
· Viruses multiply by inducing host cells to form more virus particles
· Viruses are spread through propagation (contaminated tools, cuttings, grafting, etc.), seeds, insects (most common), or nematodes
· Often cause leaf discoloration​ – yellowing, green and yellow mottling, brown or yellow leaf spots
· Do not respond to chemicals​, but can be controlled with genetic host resistance and cultural practices including crop rotations and use of sanitized equipment
 
Slide 8: Nematodes
 [image: ]
Plant Pathogens: Nematodes
· Nematodes are: microscopic round worms that generally live most of their lives in the soil – only a small subset of the nematode species are plant parasitic nematodes​
· Most commonly found in agricultural soils​, and feed on plant cells by attacking the roots
· Feeding on the root cells either kills the plant cells leading to lesions, or causes galls to develop on the roots which reduce the ability for nutrient and water uptake
· Damage crops frequently when populations present at planting and the pathogenicity of the species to the crop
· Control with rotation of non-host plants, growing resistant varieties and species, using soil fumigants such as nematicides, and use of nematode-free certified nursery stock
 
Slide 9: Parasitic Plants
 [image: ]
Plant Pathogens: Parasitic Plants
· Parasitic plants are: a plant that derives some or all of the nutritional requirements from another living plant – found in almost every biome
· Parasite can be found below ground or within the host​, and uses a haustorium to obtain their nutrients from the host plant
· Often considered to be agricultural "pests"​ and cause substantial losses of agricultural crops​ – parasitic weeds are difficult to control because there are few resources to help with crop resistance
· Can kill the host and cause significant damage when attacking crops
· When attempting to remove the parasitic plant, can cause physical or biochemical damage to the crops to which they are attached
· Control for parasitic plants involves planting certified, cleaned seed, carefully mowing or removing patches of plants before growth of new crop, utilizing resistant plants in infested areas, crop rotation, and careful application of selective herbicides or soil fumigants

Slide 10: Group Activity
 [image: ]
1. Split students into equal groups – as many groups as you need depending on students (ideally groups of 4-5)

2. Each group will receive an image of a plant affected by a common pathogen (one of the 5)

3. Groups will have 5 minutes to develop their guess and two reasons why

4. Share among the class – class votes if they are correct


*Images of Plant Pathogens to Use for Activity or Kahoot*
Kahoot Link: https://create.kahoot.it/share/plant-pathogens-kahoot/a267eef0-980b-4ba4-a22b-a992ed2bbb97


Fungi
[image: Stripe rust]
Stripe rust pustules on winter wheat
[image: ]
Cedar-apple rust
[image: ]
Brown rot of a peach

Bacteria
[image: Soybean infected by bacterial blight.]
Soybean infected by bacterial blight
[image: Bacterial leaf spot]
Dark red kidney bean leaf showing bacterial leaf spot (brown leaf spot with yellow halo)
[image: ]
Bacterial leaf blight on wheat

Viruses
[image: Soybean infected with Bean Pod Mottle Virus.]
Soybean infected with Bean Pod Mottle Virus
[image: ]
Impatiens necrotic spot virus on pepper leaves
[image: ]
Pepper with tomato spotted wilt tospovirus

Nematodes
[image: Nematodes]
Root knot nematodes affecting lettuce
[image: Adult soybean cyst nematode females emerging from soybean roots.]
Adult soybean cyst nematodes

Parasitic Plants
[image: oak mistletoe]
Oak mistletoe
[image: parasitic dodder]
Parasitic dodder on field crops (clover, alfalfa)
 
Return to PowerPoint
Today we are going to focus on one of the plant pathogens… We are going to examine the plant pathogen group: Bacteria

Slide 11: Plant Pathogens: Bacteria
[image: ]
As discussed earlier: 
· There are around 200 species of bacteria that live within the plant, on its surface, in plant debris, or in the soil
· Collectively, there are strains of bacteria that infect a wide variety of plant hosts​, such as tomatoes, wheat, citrus trees, ornamentals, and potatoes
· However, there are individual strains of bacteria that are host specific​, such as Pseudomonas syringae (tobacco, beans, tomato, and others)

Today, we are going to talk about Pseudomonas syringae, which is an important bacterium to focus on because of the plants it infects, and because it is an Ice Nucleator


Slide 12: Bacteria Spread
 [image: ] 
A common bacterium responsible for plant disease is Pseudomonas syringae (soo-duh-mon-us syr-en-gee)
· Plant pathogen that infects many different plant varieties
· Pseudomonas syringae has many different strains that impact many agricultural products, tomatoes, kiwi, beans, broccoli
· Environmental bacteria & Host-associated bacteria
· Meaning it is found all around the environment and also found on host-specific plants, insects, and even dirty tools used by humans
· Microscopic bacteria
· Pseudomonas syringae commonly spreads to plants and causes issues for plants during freezing conditions
· Spread through the water cycle and grows on plant leaves
· This bacterium is also a Biological Ice Nucleator, which means that the bacteria causes water to freeze almost instantaneously upon the temperature reaching -15C
· When the bacteria on the plant leaves is spread and reaches 
-15C with water molecules present, freezes and causes damage

Slide 13: Pseudomonas syringae Life Cycle
 [image: ]
· Pseudomonas syringae is a bacterium that lives everywhere​
· P. syringae live in water​
· Spread through water cycle
· Live in streams, creeks, lakes, ponds
· Water cycle carries the bacteria and spreads to other plants – during freezing conditions, when the bacteria is present in the water cycle, can be found in snow
· Can also lead to formation of frost on plants whether it is present in rain and/or on plants
· P. syringae colonize on leaves, flowers, and fruits of many trees and bushes​
· Spread from plant to plant from colonizing
· Also spread through water cycle when colonizing on leaves, as bacteria can be involved in transpiration
· Because it is found colonizing on plants frequently, can lead to frost damage when temperatures are ideal for the bacteria ice nucleation protein
·  Environmental bacteria & Host-associated bacteria
· Meaning it is found all around the environment and also found on host-specific plants, insects, and even dirty tools used by humans
· Microscopic
· Environmental Spread Though:
· Rain, Snow, Sleet – Bacteria enters into the water cycle and is disseminated onto plants through rain
· Wind – Wind spreads bacteria as it colonizes on the surface of plants, also causes damage to plants in climates where wind combines with sand, soil, rocks, etc
· Host
· Insects – Bacteria can spread by insects by attaching to insects as they move from plant to plant, either in pollination or when insects eat plants and wounds are created
· Animals – Similar to insects, when animals cause damage to plants, the bacteria that is found in the environment seeks out an opportunity to infect the plant
· Plants – Bacteria can spread from plant to plant through any other form of spread – rain, wind, insects, animals
· Parasitic plants can also cause damage to plants which allows the bacteria to spread and infect
· Human interaction – contaminated tools and equipment that are used on plants can lead to the spread of bacteria









Slide 14: Bacteria that are Ice Nucleators
 [image: ]

This is important because frost and ice impact a large amount of the agricultural industry, especially crops
· Pseudomonas syringae strains are ice nucleators​, meaning they produce the surface protein INA (Ice Nucleation Active)
· Spread through the water cycle and colonize on plant leaves, waiting for the protein to become active at -15C
· Upon reaching -15C, the bacteria cause water molecules to freeze almost instantaneously
· Pure water (distilled water) does not have any form of nucleators to form ice crystals at 32F
· Water that has not been filtered or distilled (tap water, rain water, ponds, lakes, rivers) contains nucleators that allow the water to freeze around 32F
· Bacteria that produce INA also form ice crystals at warmer temperatures that pure water​
· Because of this, the protein may allow for frost to occur at a warmer temperature, or for snow and ice to form at a warmer temperature leading to the spread of the bacteria
· Bacteria that are ice nucleators are most commonly spread through snow and rain​
· But are also present in creeks, rivers, lakes, ponds, etc, where the bacteria are evaporated and enters into the water cycle to be disseminated elsewhere
· Bacteria can also enter into the water cycle through the transpiration​ from plants
 
· Pseudomonas syringae enters the plant through wounds created by frost or ice damage​
· Frost and ice damage often happen to crops overnight and throughout the day in colder climates, and as the temperatures increase throughout the day, the ice begins to thaw and the bacteria seeks out the opportunities to enter the plant through wounds 
· After the bacteria has colonized within the plant and reproduced, the bacteria then form lesions on the outer surface of plants and exits onto the surface to colonize, allowing spread to other plants through rain, snow, sleet, aerosolization, insects, and human interactions
 

Slide 15: Ice Nucleation Video
This is a short clip of Ice Nucleation with P. syringae
Demonstrates what occurs when the bacteria are added to water that has reached -15C.
[image: ]
Allow students to hypothesize what is occurring in the video
Play the clip a few times and then ask students to share

· Inform students that the clip is showing a drop of bacteria being added to water that is above the normal freezing threshold of water
· When the bacteria are added, the water freezes instantly
· This concept is important, because when the bacteria is colonizing on the leaves of plants, and freezing conditions occur with rain, sleet, or snow, the bacteria causes the water to freeze
· The frost or ice damage then creates wounds that allow the bacteria to enter the plant and cause significant damage to the plant
 

	
	






	Instructor Directions / Materials
	Outline

	**IF TEACHING 90 MINUTE LESSON, SKIP THIS SECTION AND MOVE INTO THE LAB**

	Lab Practice Time (15 minutes)

Use the remaining time of class to allow students the opportunity to practice some of the steps for the lab on the following day.

As described in the Lab Outline, parts of the lab can be tricky so this is an important time to introduce concepts to students for the lab.
	 [image: ]
Setting up the Ice Bath
· Provide pairs of students with two containers (plastic nesting bowls or Styrofoam bowls)
· Inform pairs to send one student to retrieve a bowl of ice (prefilled containers of ice at the front of the classroom), and one student to retrieve the salt. Distilled water will be poured into bowls once both students have returned to their seats. Guide students through the following steps:
· Add a small amount of ice (from separate bowl) to the bottom nesting container
· Add a layer of ice to the top nesting container and then a generous layer of salt. 
· Alternate ice and salt leaving about 1/2 an inch of head space. 
· Add distilled water up to the top layer. Wait about 2 minutes then stir the ice bath.
· Add a fresh layer of salt to the ice. 
Taking the Temperature of Water
· Once Students have created their ice bath, with the bottom container having a layer of ice, and then the top container nested into the bottom container, provide each pair of students with a thermometer.
· After all students have received their thermometer, instruct students to insert thermometer into top container.
· Use the thermometer to monitor the temperature. You’re aiming for -15° C (5° F). It’s common for the bottom of the bath to be colder than the top.
· Make sure that the entire ice bath solution (the top container) has reached -15° C (5° F).
· Students should monitor the movement of the thermometer continually for 5 to 10 minutes, for when the red line has hit at least -15° C (5° F).

Adding the Bacterial Suspension to the Water
· With the remaining time, provide all students with one small bottle, a pipette, and a small vial of food coloring.
· Students should practice using the pipette to draw up the food coloring (1 mL pipettes), and disperse the food coloring into their bottles.
· Allow students the opportunity to also practice pouring the food coloring from the 1 mL vial (similar vial as the one that will contain the bacterial suspension), to ensure that students do not spill the liquid.
· Once all students have practiced both techniques, students can clean up ice baths and bottles of water by pouring it all down the sink.



	Instructor Directions / Materials
	Laboratory Outline

	Laboratory (35 minutes)

Setting up the ice bath is the only potentially tricky part to the demonstration. You’re making an ice/salt lasagna to get the water temp down to -15° C (5° F)

Example YouTube Video:
YouTube Video #1: https://youtu.be/KSNF_yDoA4Q
YouTube Video #2: https://youtu.be/2QdPJp-o1NA

Instructor and Students will complete the laboratory at the same time

Materials
· Two small nesting plastic-ware containers (16.6 Fl. OZ./490 mL)
· Crushed Ice
· Table Salt or Rock Salt
· Distilled Water
· Disposable plastic Pasteur pipettes
· Thermometer to measure -15C
· Spoon or stirring rod
· Paper towels, napkins, rags
· Small 2-oz clear-plastic screw cap bottles
· Water resistant Sharpie markers and/or water-resistant tape
· 2 tubes of Pseudomonas syringae pv. syringae strain 892 0.5 mL water suspensions.
· Available from the Kvitko Lab at the University of Georgia. Bacterial suspensions can be stored in the dark at room temperature or in a refrigerator for at least 6 months

	Before beginning the lab, provide students with a quick refresh of what P. syringae is, and what bacterial ice nucleators are. Students may use their notes and should be called on randomly to present one quick fact. (3 minutes)
After the students have completed the quick refresh, play a few minutes of the YouTube video of Biological Ice Nucleation (THERE ARE TWO VARIATIONS OF THE SAME VIDEO – CAN BE USED THROUGHOUT LAB AS A GUIDE)
[image: ]
[image: ]

At the end of the video, inform students that they will first need to complete the worksheet provided for the laboratory lesson, writing down their hypothesis for their own experiment, and leaving room to draw and write down what occurred in the lab.
[image: ]
Set-Up 
(If you would like to pre-chill the vials to save time)
1. Prior to the laboratory, assign students into pairs for the laboratory
2. Provide students with all materials that will be needed for the ice bath: plasticware or Styrofoam containers, ice, salt, and water
3. Students will also need to gather two vials, both with distilled water in them, one at room temperature and the other already being chilled to -15° C (5° F) – this is to ensure that the experiment works appropriately and the students have the opportunity to observe rapid ice nucleation
a. Inform students that: Pure water (distilled water) does not have any form of nucleators to form ice crystals at 32F. Distilled water is used in this experiment to indicate how the addition of an ice nucleator causes rapid freezing
4. Lastly, students will need to obtain two vials of P. syringae bacteria
**Inform students that they will perform the lab alongside the teacher demonstration, so please follow the directions closely**
Recommended Progress Checks
[image: ]

Student Directions:
1. After students have been placed in pairs and received their materials, make sure all students have written down their hypothesis of what they believe will occur in their own experiment.
2. Then students will follow the directions as detailed below.
3. Students will need to complete their worksheet throughout the lab, recording their observations and completing the conclusion and reflection questions.
Ice Bath
1. Add a small amount of ice to the bottom of the plastic container – should be a thick layer of ice
2. Add a generous amount of salt on top of the bottom layer of ice.
3. Alternate ice and salt leaving about 1/2 an inch of space at the top, or enough room for the bottles to be placed into the bath
4. Add distilled water. Wait about 2 minutes then stir the ice bath
5. Add a fresh layer of salt to the ice (you may need to add more salt as time goes on)
6. Use the thermometer to monitor the temperature. You’re aiming for -15° C (5° F). It’s common for the bottom of the bath to be colder than the top
7. Fill two clear plastic screw cap sample bottles about half full with distilled water.
8. Use a Pasteur pipette to transfer 1 tube (0.5 mL) of bacterial suspension to one bottle. Mark that bottle with an “X”.
9. Screw the caps onto both sample bottles and place them into the water bath. You want the sample bottles submerged so that the water level in the bottles is below the water level in the ice bath.
10. Over the next 10-15 minutes the water in the sample bottles will become supercooled. 
a. The “X” sample bottle seeded with the bacterial suspension will start to form a layer of ice around its inner surface once the water gets sufficiently chilled. Once this occurs, it will act as an indicator that the water in the second bottle is sufficiently chilled for rapid biological ice nucleation to occur.
11. After about 10 minutes, periodically pull the bottles out of the ice bath to check if ice is forming in the “X” bottle. Give the bottles a swirl. There should be ice only in the bottle marked with an “X”. The bottle without bacteria should be completely liquid.
12. Once the “X” bottle with the bacteria suspension starts to form a layer of ice on the inner wall, remove both bottles from the ice bath.
13. Remove the cap from the unmarked bottle with only water and use a Pasteur pipette to transfer 1 tube (0.5 mL) of bacterial suspension to the unmarked bottle
14. Quickly replace the cap and give it a swirl.
15. The bottle should almost instantly freeze into a slush.
a. Make sure bacteria is still active – i.e. receive vials of bacteria right before conducting experiment
b. Prepare bottles and ice baths ahead of time – cuts down on time needed for lab and allows students to see the process occur
c. Temperature should be about -15 C for the slush to occur in the entire tub/ice bath
d. Add bacteria to vial quickly upon reaching ideal temperature

	Cleanup
	· Ice baths can be disposed of in the sink
· Bacterial suspension containers and pipettes that have been in contact with bacterial suspensions should be sanitized with 10% final concentration household bleach and soaked for 10 minutes. The bleach solution can then be disposed of down the drain along with plenty of water.
· Containers should also be disinfected with 10% concentration of household bleach, then after soaking, rinsed to be re-used, twice with tap water and once with distilled water and allow to air dry.

	Closure/Summary (5 minutes)
	Recap: Have students discuss their thoughts to what happened during the laboratory, including their hypothesis and whether they were correct or not. Also have them reflect on the lecture component and why it is important to understand how this bacteria spreads and how it infects plants.

Ask: 
What are common plants, crops, fruits affected by P. syringae?
How can we do our part in limiting the spread of the bacteria?
· Do not use infected plants in nursery or as stock
· Avoid planting common susceptible species in freezing/frost prone areas
· Prune in the winter or early spring – limits the surface area for the bacteria to enter leaves
· Disinfect landscaping tools between plants
· Monitor fertilization time periods – do not want abundant growth in early spring or fall
· Spraying bactericides
Why is it that the bacteria in water does not freeze, but the bacteria added to -15C water freezes?
· Protein in bacteria allows bacteria to live in freezing temperatures without causing ice/frozen conditions, but as soon as bacteria is introduced to -15C environments, protein freezes and bacteria becomes active in infection

Worksheet: Students should complete the worksheet provided with the lab – ask several students to share their hypothesis and what they observed in the experiment. Students will turn in their worksheet at the end of class.

	Evaluation
	Students will complete the lab worksheet throughout the lab, recording their hypothesis, observations, filling out the tables and graphs, and answering the conclusion reflection questions. Students will turn this in for a laboratory grade.
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Plant Diseases



• Environmental Diseases: caused by factors in the environment



• Parasitic Diseases: caused by small organisms that live in/on 
the plant and disrupt the life and growth (also known as plant pathogens)
•Fungi
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Signs and 
Symptoms: What 
are they?



• Signs of Plant Diseases:



• Bacterial Ooze



• Fungal Growth



• Parasitic Plants



• Symptoms of Plant Diseases:



• Plant Wilting



• Discoloration (brown, yellow, orange)



• Necrotic plant tissue
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Plant Pathogens: Fungi



• Not all fungi are plant 
pathogens



• Most common cause of plant 
diseases



• Spread by wind, water, 
insects, contaminated tools



• Can be controlled with 
chemicals
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Plant Pathogens: 
Bacteria



• Not all bacteria are plant pathogens



• Enter plants through wounds, stomata, 
flowers, stems, leaves



• Causes wilts and rots in fruits, vegetables, 
crops, trees
•Individual strains can be host specific



• Often does not respond to chemicals



• Common bacteria:



•Erwinia, Pseudomonas, Pantoea, 
Agrobacterium, Pectobacterium, Xanthomonas, 
Streptomyces, Spiroplasma
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Plant Pathogens: 
Viruses



• Plant pathogens and diseases specific 
to certain plants or varieties of plants



• Spread by contaminated tools and 
insects



• Often cause leaf discoloration



• Do not respond to chemicals
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Plant Pathogens: 
Nematodes



• Commonly found in agricultural soils



• Feed on root cells



• Damage crops frequently when populations 
present at planting and pathogen is specific 
to the crop
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Plant Pathogens: 
Parasitic Plants



• Often considered to be agricultural "pests"



• Plants that connect to the host plant and take part 
or all water and nutrient uptake



• Cause substantial losses of agricultural crops



• Parasite can be found below ground or within 
the host



• Difficult to control










Plant Pathogens: 

Parasitic Plants

• Often considered to be agricultural "pests"

• Plants that connect to the host plant and take part 

or all water and nutrient uptake

• Cause substantial losses of agricultural crops

• Parasite can be found below ground or within 

the host

• Difficultto control


image9.emf



Activity Time



Each group will receive an image of a plant affected by a common pathogen 
or disease



You will have 5 minutes to examine 
and form your guess for what the 
pathogen is



Is it a sign or is it a symptom of the pathogen?



Everyone will then share, and the class will determine if they are correct
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Plant Pathogens: 
Let's Talk 
About Bacteria
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Example of Bacteria:
Pseudomonas syringae



PLANT PATHOGEN THAT 
INFECTS MANY PLANT 



VARIETIES



ENVIRONMENTAL 
BACTERIA



HOST-ASSOCIATED 
BACTERIA



COMMONLY INFECTS 
PLANTS DURING 



FREEZING CONDITIONS 
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Pseudomonas 
syringae Cycle



• Commonly found everywhere



• Live in water (creeks, rivers, ponds, 
lakes)



• Colonize on leaves, flowers, and fruits of 
many trees and bushes



Environmental



Rain



Wind



Snow



Host-Associated



Insects



Human interaction



Animals
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Bacteria that are Ice Nucleators



• Pseudomonas syringae strains are ice nucleators
• Produce the surface protein INA (Ice Nucleation Active)



• Bacteria that produce INA form ice crystals at warmer 
temperatures that pure water



• Bacteria that are ice nucleators spread through snow 
and rain
• Evaporated from creeks, rivers, lakes



• Transpiration



P syringae enters plant through 
wounds created by frost or ice 



damage



Bacteria forms lesions and exits, 
allowing spread through rain, 



snow, sleet, aerosolization
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What Does Ice Nucleation Look Like?
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Lab Practice Time

i

Setting up the Ice Bath Taking the Temperature Adding the Suspension
of the Water to the Water
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Demonstration with Q&A
Follow Along!
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Close-Up Step-by-Step
Follow Along!










Close-Up Step-by-Step

Follow Along!


image31.emf



Laboratory Activity



• What is your hypothesis for your lab? (Record on the laboratory worksheet)



• Do you think that your experiment will lead to the same results as the video we 
watched?



• Once you have recorded your hypothesis, students should form groups and begin 
obtaining the material that is needed for the lab
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Laboratory Activity: Progress Checks



Setting up the Ice Bath Taking the Temperature 
of the Water



Adding the Suspension 
to the Water
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