Bacterial Soft Rot of Veg etables

Learning Outcomes

Studentswill: (1) karn aboutenzymes in bacteria that break down structuralmolecules leading to soft rot
in tissues, (2) karn aboutand use inoailation and isdation methods associated with bacterialplant
pathogens, (3) demostrate the effectof environmental factors (temperature) on sofrot development,
and (4) demorstrate the Orles of proof of pathogenicityO (Koch@sstulates).

QCC &ndards

Grade 7:
Science Proess Skills Standards 1 & 2
15.1 Lsts harmful and benefidal effects of the organism based on simiarities of characteristics.
171 Describes and compaes various life processes of plants, e.g., ferrs and seed pants
(gymnaspermsvs. angiosperms).

Applied Biology & Chemistry 1:
37.1 [@saibes three roles that microorganisms can take in nature and in indwstry.
37.2 @ltures microorganismsthat you samge from food, air, water, and sdion prepared media.
37.3 Identifies six types of relationships that microorganisms can have with one another and with
other organisms.
37.4 Gies examples of species relationships in which micoorganisms participate.
37.11 Imestigates the cause and prevention of plant disease.

Applied Biology & Chemistry 2:
Science Proess Skills Standards 1 & 3
12.1 Locats the main vegetative and reproductive partsof plants.
12.3 Mathes the abnormalappearance ofplant leaves, stems, or rootsto the disease, pest or
nutritional condition that is causing the change in appearance.
186 Identifies the factors in harvesting that can affectcrop yield and quality.

Biolog y:
Science Proess Skills Standards 1 & 3
6.4 Desaibes the four basic types of organic compounds (carbohydrates, lipids, proteins, and
nucleic acids) and their finctions in the cel.
15.1 @saibes the cellular structure and the conditiors necessary for growth and reproduction (of
monerans).
19.1 Lsts and describes distinguishing characteristics of gymnosperms and angiosperms.
19.4 Describes the importance ofseed pants for food, medicine, and other products.
25.1 Identifies and exgains the interactions of biotic and abiotic factors in an emsystem.

Envir onmental S cience:
Science Proess Skills Standads 1 & 3
25.1 Recds the biotic and abiotic factor in the emsystem.
28.1 Identifies the factors that affect the balance ofnature.
29.3 Braluates the role of microorganismsin agriculture, such as soil formation, fertility, and
recycling carbon, oxygen, phosphorus, iron, nitrogen, and sulfur.



Microbio log y:
Science Proess Skills Standards 1 & 3
18.1 Analyes food spoilage in termsof causes, pro@ssing, and storage corsideration.
183 Investigates methods of food preservation.
19.4 Analyzsthe harmiul effects of microbes in agriculture.

National Standards
The atomsand mdecules on the earth cycle among the living and nonliving componentsf the
biosphere.

Enegy flows through emsystemsin one direction, from phobsynthetic organismsto herbivores to
carnivores and decomposers.

Organisms both cooperate and compete in easystems. The interrelationshi and interdependencies of
these organisms may generate eosystemsthat are sable for hundreds or thousands of years.

Backgroun d & Definitio ns

Soft rot of fleshy vegetables and ornamentalplants is caused by the bacterium Ewinia carotovora var.
The bacterium $ a Gram-ngative rod, approximately 0.7x1.5um and Bs peritrichous flagella. Itis non-
spore forming and faciltatively anaermbic. It grows well in nutrient agar and nutrientbroth but not above
36 degrees C. The sdfrot bacteria can gpow and are active @er a rarge oftemperatures from 3-35
degrees C lut are killed by extended expasure at about 50 degrees C.

Soft rot occurs worldwide wherever feshy storage tissues of vegetables and ornamentak are found.
Potatoes, carrots, and oniors are among the mat affected vegetables along with tomato and cucumber
Iris bulbs (and similar ornamentals) are afen affected. The disase can be found on ps in the field, in
transit, and in storage or during marketing esulting in great economiclosses. Sof rot causes greater
total loss of produce than ary other bacterial disease.

The sof rot bacterium enters plant tissues primarily through wounds, oten aeated by insect feeding or
bruising at harvest. Insectsand water are effective in spgading the bacterium. Once in the lant tissue,
the bacterium produ@s increasing amounts of pectolytic enzymes that break down the pecticsubstances
of the middle lamela (which cementscells together), cawsing break down and maceration othe tissues.
Slimy masses of the bacteria and acompanying cellular debris Oo@esO outfrom aacks in the tissue and
becomes visible on the sufface. Tsésue in the affected aea becomes Omusly,O ceam wlored, and slimy.
Water diffuses into the intercellular spaces and cels plasmolyze and die. The bacteria continue to me
and multiply in the intercellular spaces and cels plasmolyze and die. The bacteria continue to e and
multiply in the intercellular spaces and produce more enzyme for further tissue invason and
maceration. The endesult is that infected tissues become sof and a slimy mass, often with a OputridO
odor. An entire potato tuber or othervegetable may become cowerted into this watery, decayed mass
within 3-5 days! Because othe dramatic effects on host tissue and the rapidity of disease development,
soft rot is an excellent modelto illustrate plant disease developmentto students.

Rules of Proof of Pat hogenicity
The rdes of proof of pathogenicity were formuated in 1882 by the German sientist Rdbert Koch (hence,
KochOgpostulates) from his studies on animal anthrax. These rles were adapted to also determine the
actual cause ofplant disease. Brieflystates, the rules are as follows:
1. Cbserve whether there & a corstant association between the Osspected pathogenO and
disease symptoms.



2. Isolate the suspected pathogen in pure alture and identify it.

3. Inoalate the oganism into healthy plant tissue (some speciesyariety, etc.) and doserve
whether the symptomsproduced are the same athose ofthe original disease (Step 1).

4. Re-isdate the pathogen from the inoalated plant tissue (dep 3) in pue

culture and compare itwith the original isolated aulture (step 2).

This process can require a cosiderable amountof time (severalweeks to months) butthis experiment
permits completion in approximately two weeks.

Materials & Equipment

Two white potatoes, carrots, and onios (per 3-4 gudents)
Filter paper disls (sterile, if possible)

Knife

Soft-rot bacterium (Ewinia carotovora var) aulture (avaiable through commecial supply
companies)

Nutrient agar plates

Saran wrap/ Parafilm

Indelible pen

Teasng needles

Transfer loops

Incubation fadlitie s (refrigerator, 26 degrees C, & 45 degres C)
Petri plates (1-2 per sudent)

Plastic bags with twist ties

Sterile water

95% ethand

flame source

Weéb Resources

http://mt vernonwsu.edu/path_team/Disease%20Galery/dg87L.jpg (Carrotsoft rot
image)

http://edis.if as.ufl.edu/scripts/BODY_VH012

http://www .ces.uga.edu/pubcd/C809-w.htm

http://www.uga.edu/v egetable/carrot.html

http://www.nabt .org/sub/s tore/books/l bpp.asp (order form for kearning Biology with
Plant Pathology from Nat. Assocation of Biology Teachers)

Safety

Duratio n
Varies depending upon activities chosen (2-10 ays)

Procedure

A variety of experimental choices existin investigating bacterial soft rot. Begin by preparing fresh
nutrient agar test tube dants on Petri date cultures of Emwinia carotovora. A helptl guide for this is the
publication from NABT referenced in the &b resources above. Some pasible activities/invegigations:

To Inocul ate Vegetabl e Sices
Wash potato tubers, carrots, onions, and cuinto slices about 7mm (1/4 inch) thick. Pugbout 1/8 inch
of sterile water in a Petri dish thatcontains two disks of sterile filter paper and ald the vegetable slices.



Make a slightcut in the center ofeach slice, and inoailate with a loopful of cells from the aulture.
Include a non-inowlated slice for each teatmentused. Sealplates with strips of SaranWrap or Parafilm.

To Inocul ate Whole Vegetables

Carefully wash the surface ofwhole potato tubers, carrots, and onions. Sterilize aasing needle by
dipping in 95% ethand and flaming until red-hot. Letthe needle cod (this is very important), dip into a
culture of Emwinia carotovora and then gab the potato 4-5 times with the needle. Repeathis 2-3 times in
the same aea of the potato. Follow the same procedure for the carroand the onion. For conwls, use
the exact procedure, except dip the teasing needle into gerile water (irstead of the bacterial culture)
prior to stabbing the vegetables. Place inoalated vegetables onto a wetpaper towel inside a plastic bag
and sealtightly with a twist tie. Use a separate &g for ead vegetable and separate lags for the
controls (very important).

To Test Temerature Effe cts on Soft Rot
Inoculate the tissue slices of whole vegetables in a refrigerator, atroom temperature, at26 degrees C,
and 45 degree Cif incubators are avalable. Differentgroups of students can choose one temperature.

To Deter mine Ereyme Activit y and Soft Rat Development

The inowlated tissue slices should be chedked starting at 48 hours whereasthe whole vegetables
should be cheked beginning atfive days after inoculation. For the tssue slices, test for tissue
maceration (sof rot) by running a transfer loop evenlyover the slice and/or by probing with a teasing
needle. Do the same for the inadated area on whde vegetables (be sure to use separate transfer loop
or teasing needles for inoculated tissues and controls!). Continue to éamine for 2-3 daysand note the
difference in rotproduced on the differentvegetables and between the differentinoculation
(temperature) conditions. Note the odor producedybnoculated, rotting tissue. Note: Ifinoculated
vegetables in the bags are incubated for appoximately two weeks at room temperature or 26 degres C
they will OmeltO and become almsttotally liquefied due to the geat amountof pectic enzyme activity

To Demonstr ate KochOsPostul ates

Atter students have dbserved the Ocostant assodiationO between ssues inoculated with Ewinia
carotovora and sot rot symptoms, have them iséate the bacterium (sing a sterile transfer loop) inb
pure aulture on a nutrientagar plate (compare with the pure alture used for the originalinoculations).
After the pure alture has grown, use itto inoculate vegetables by the procedure described above (using
the samevegetable source), doserve the symptomsproduced and then re-isdate the bacterium in pue
culture (compare with originalculture used to inoalate thesevegetables.

Extension
Have gudents research KochOwork with anthrax and discussthe similarities between h findings and
the procedutes from these activities.

Apply commercially purchased pectinase to vegetable samgdes and compare the esults with what
happened with the bacteria.

Stud ent Questio ns (and answers)

1. Wly are pecticpolymers important in plants and whatis their function? Pecticpolymers are
compounds that help provide support for cels. Pectirs provide strength by helping to bind (cement)
cells together into tissues.

2. How does Emwinia carotovora utilize the OdigstedO pant tissue as a food source? Plantpathogenic
bacteria, such & Emwinia carotovora segete enzymes such as pectinases that degrade plant cells and



tissues and then utilize the productsof digestion by absorbing them.

3. Do other pant pathogens such as fungi and viruses produce cel wall-degrading enzymes? In ddition
to plant pathogenic bacteria, fungi also produce enzyms that are segeted into infected gant tissues
and the productsof enzymaticactivity provide nutrients for the fungus. Viruses that infect plants do not
produce enzymes.

4. Whatwas the effect of temperature on the rate othe soft rot experiment? Why? Refrigeration tharts
rot developmentas does extremely high temperatures because itarrests growth of Emwinia carotovora
and minimizes enzyme production. Room temperature and 26 degre€are more conducive to bacterial
growth and enzyme production. Wplant pathogenicbacteria have an optimum temperature for gmwth
and pathogenesis.

5. Whatdo the plant materials (vegetables) used in this experimentall have in common? A of these
vegetables consist of fleshy storage organs that are soft, contain alundant moisture, and are high in
carbohydrates.

6. Why did the sliced tissues develop sot rot faster than the whde vegetable? The slies were already
pre-wounded ly cutting prior to inoculation and there were more bacteria per undf tissue as compared
with the whole vegetable.

7. Whatis the importance ofkochOgostulates? KochQgostulates are utilized to prove the actualcause of
a given dant disease. Without knowing the cause itis impossible to develop effective contnl measures
for any disease.

Taken fr om Plant Path ol ogy Teacher Work shop, 2001, University o f Georgia Depart mert o f Plan t Path ol ogy.
Prepared by: Robert B. Carroll and Thomas A. Evans, Departmert o f Plant and Soil Sciences, University o f Del aware



Student Sheet

Overview

Soft rot of fleshy vegetables and ornamentalplants is caused by the bacterium Ewinia carotovora var.
The bacterium $ a Gram-ngative rod, approximately 0.7x1.5um and Bs peritrichous flagella. Itis non-
spore forming and faciltatively anaermbic. It grows well in nutrient agar and nutrientbroth but not above
36 degrees C. The sdfrot bacteria can gpow and are active @er a rarge oftemperatures from 3-35
degrees C lut are killed by extended expasure at about 50 degrees C.

Soft rot occurs worldwide wherever feshy storage tissues of vegetables and ornamentak are found.
Potatoes, carrots, and oniors are among the mat affected vegetables along with tomato and cucumber
Iris bulbs (and similar ornamentals) are afen affected. The disase can be found on ps in the field, in
transit, and in storage or during marketing esulting in great economiclosses. Sof rot causes greater
total loss of produce than ary other bacterial disease.

The sof rot bacterium enters plant tissues primarily through wounds, oten aeated by insect feeding or
bruising at harvest. Insectsand water are effective in spgading the bacterium. Once in the lant tissue,
the bacterium produ@s increasing amounts of pectolytic enzymes that break down the pecticsubstances
of the middle lamela (which cementscells together), cawsing break down and maceration othe tissues.
Slimy masses of the bacteria and acompanying cellular debris Oo@esO outfrom aacks in the tissue and
becomes visible on the suface. Tssue in the affected aea becomes Omusly,O ceam wmlored, and slimy.
Water diffuses into the intercellular spaces and cels plasmolyze and die. The bacteria continue to me
and multiply in the intercellular spaces and cels plasmolyze and die. The bacteria continue to e and
multiply in the intercellular spaces and produce more enzyme for further tissue invason and
maceration. The endesult is that infected tissues become sof and a slimy mass, often with a OputridO
odor. An entire potato tuber or othewvegetable may become cowerted into this watery, decayed mass
within 3-5 days! Because othe dramatic effects on host tissue and the rapidity of disease development,
soft rot is an excellent modelto illustrate plant disease developmentto students.

Procedure

Aariety of experimental choices existin investigating bacterial soft rot. Begin by preparing fresh
nutrient agar test tube dants on Petri date cultures of Ewinia carotovora. A helptl guide for this is the
publication from NABT referenced in theeab resourcesabove. Some p@sible activities/in vestigations:

To Inocul ate Vegetabl e Sices

Wash potato tubers, carrots, onions, and cutnto slices about 7mm (1/4 inch) thick. Pugbout 1/8 inch
of sterile water in a Petri dish thatontains two disks of sterile filter paper and ald the vegetable slices.
Make a slightcut in the center ofeach slice, and inoalate with a loopful of cells from the aulture.

Include a non-inoalated slice for each teatment used. Sealplates with strips of SaranWrap or Parafilm.

To Inocul ate Whole Vegetables

Carefully wash the surface ofwhole potato tubers, carrots, and onions. Sterilize aasing needle by
dipping in 95% ethand and flaming unti red-hot. Letthe needle cod (this is very important), dip into a
culture of Emwinia carotovora and then gab the potato 4-5 times with the needle. Repeathis 2-3 timesiin
the same aea of the potato. Follow the same procedure for the carroand the onion. For contls, use
the exact procedure, except dip the teasing needle into gerile water (irstead of the bacterial culture)
prior to stabbing the vegetables. Place inocalated vegetables onto a wetpaper towel inside a plastic bag
and sealtightly with a twist tie. Use a separate &g for eat vegetable and separate lags for the
controls (very important).



To Test Terperature Effe cts on Soft Rat
Inoculate the tissue slices of whole vegetables in a refrigerator, atroom temperature, at26 degrees C,
and 45 degree Cif incubators are avalable. Differentgroups of students can choose one temperature.

To Deter mine Ereyme Activit y and Soft Raot Development

The inowlated tissue slices should be chedked starting at 48 hours whereasthe whole vegetables
should be cheked beginning atfive days after inoculation. For the tssue slices, test for tissue
maceration (sof rot) by running a transfer loop evenlyover the slice and/or by probing with a teasing
needle. Do the same for the inadated area on whde vegetables (be sure to use separate transfer loap
or teasing needles for inoculated tissues and controls!). Continue to @amine for 2-3 cays and note the
difference in rotproduced on the differentvegetables and between the differentinoculation
(temperature) conditions. Note the odor producedybinoculated, rotting tissue. Note: Ifinoculated
vegetables in the bags are incubated for appoximately two weeks at room temperature or 26 degres C
they will OmeltO and become almabtotally liquefied due to the great amount of pectic enzyme activity

To Demonstr ate KochOsPostul ates

Atfter students have doserved the Ocostant assodiationO between Bsues inoculated with Ewinia
carotovora and sot rot symptoms, have them isdate the bacterium (ising a erile transfer loop) inb
pure aulture on a nutrientagar plate (compare with the pure alture used for the originalinoculations).
After the pure alture has grown, use itto inoculate vegetables by the procedure described above (using
the samevegetable source), dbserve the symptomsproduced and then re-iséate the bacterium in pue
culture (compare with originalculture used to inoalate thesevegetables.

Questio ns

1. Wly are pecticpolymers important in plants and whatis their function?

2. How does Ewinia carotovora utilize the OdigstedO pant tissue as a food source?

3. Do other pant pathogens such as fungi and viruses produce cel wall-degrading enzymes?
4. Whatwas the effect of temperature on the rate othe soft rot experiment? Why?

5. Whatdo the plant materials (vegetables) used in this experimentall have in common?

6. Why did the sliced tissues develop sot rot faster than the whde vegetable?

7. Whatis the importance ofKochOgostulates?



