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Plant Pathology and Plant Diseases
Pseudomonas syringae Biological Ice Nucleation

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.

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
· Collective strains of bacteria infect a wide variety of plant hosts​
· Fruits, vegetables, crops, trees​
· Individual strains of bacteria are often host specific​
· Infect specific varieties of trees, crops, fruits, vegetables

Focusing on plant pathogens from bacteria, one common bacterium that infects many crops and trees is Pseudomonas syringae. 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.

Biological Ice Nucleation
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.

We use distilled water in this lab because there are NO ice nucleators to cause ice crystals to form. Distilled water does not contain any particles such as dust, minerals, bacteria, dirt – therefore the water can be rapidly cooled to -15C (5F) without freezing.

Materials
· Two small plastic-ware containers, large enough for ice bath and bottles to fit
· Crushed/cubed 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 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

Hypothesis:
Record your hypothesis for the lab in the space provided. What do you think will occur to the two vials of distilled water? Do you think that adding bacteria before freezing will cause rapid ice, or do you think that adding bacteria after freezing will cause rapid ice?




Procedure
Creating the Ice Bath: It is best if the students prepare their ice bath prior to any other steps to allow temperature to reach -15° C (5° F)

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.



Adding the Bottles:

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. Record your observations of the time and whether or not freezing has occurred in the table below. Then, using the space provided, plot out the temperature of the bath with the bottles, indicating when Bottle X begins to freeze. Please be sure to label your X and Y axis with the appropriate terms, then add a title to your graph.
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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 AT LEAST -15 C for the slush to occur in the entire tub/ice bath
d. Add bacteria to vial quickly upon reaching ideal temperature

Record ALL Observations of your bottles in the space provided. 

Observations:
Observations of the Bottles Throughout the Lab

Bottle X: 











Bottle with bacteria added after temperature reached -15C:






Conclusion & Reflection Questions

1. From the table and graph that you completed, provide a quick summary of the results below. Please include the rate that temperature decreased to -15C (5F). 
a. Were you able to define the slope of the best fit line? (Formula for Slope:  = )











2. Describe what happened with the bottle (known as the control sample) that you added the bacteria suspension into prior to placing it in the ice bath. 
a. Did you notice any changes with the solution? When did it begin to freeze?












3. What happened to the bottle of distilled water when you added the bacteria at -15C (5F)?
a. Why did the water not freeze until you added the bacteria?
b. Did the suspension freeze when you swished the solution around?













4. Why do you think that one of your bottles freeze and the other did not? Support your answer with facts and information from the lesson.













5. Please restate your hypothesis below, and share whether or not your hypothesis was true or false. Why do you believe that your hypothesis was either true or false?











6. In your own terms, please share why it is important to understand how plants are infected by pathogens, such as bacteria. 
a. Why should scientists and agriculturalists understand how ice nucleation occurs and how bacteria infect plants?
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