
Diagnosing Plant 
Problems: Diseases

Presenter
Presentation Notes
This scripted presentation is to be used for the National Plant Diagnostic Network’s First Detector Training Program. It covers plant diseases, how to recognize signs and symptoms, and different types of causal agents. It is not meant to be read verbatim, it is meant to give the speaker the necessary background information to deliver the presentation successfully.



What is plant disease?
• Abnormal growth and/or function of a plant caused by living 

organisms (pathogens) or non living  factors.

Diagram courtesy of L. M. Rodriguez Salamanca , ISU Plant and Insect Diagnostic Clinic
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Presentation Notes
A plant disease is any abnormal growth and development of a plant caused by a pathogen or environmental condition. Plant diseases can be caused by living organisms, such as fungi and bacteria, or by environmental conditions, such as nutrient imbalances, air pollution or inadequate water supply.  These pathways to plant disease constitute two basic categories of plant disease, biotic (living) and abiotic (non-living). References: Agrios, GN 2005, Plant pathology, 5th ed, Elsevier Academic Press, Burlington, Mass.What Is Phytopathology or Plant Pathology?http://www.apsnet.org/about/Pages/WhatisPhytopathology.aspx



• Disease, Biotic  (living)
Plant pathogens:  Fungi, bacteria, nematodes, viruses, 
parasitic plants, etc.

• Disorder, Abiotic (non-living)
Chemical damage, weather conditions, mechanical 
injury, genetic disorders, lightning, water, nutrient 
deficiencies, nutrient toxicity, improper application of 
toxic agrichemicals, etc.

Causes of plant problems
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Presentation Notes
Plant diseases can be classified as biotic (living) or abiotic (non-living). Biotic diseases are the result of plant disruptions caused by living organisms, such as, pathogens, parasitic plants, nematodes, viruses, bacteria, etc. They are visible to First Detectors as signs and/or symptoms.  In terms of disease diagnosis, signs of a biotic disease are much more useful than symptomsAbiotic diseases are non-infectious and are caused by non-living factors, such as various environmental stresses or chemical damage.  Unlike biotic diseases, which may exhibit signs and/or symptoms, abiotic plant diseases only express symptoms.  There are other differences between these two types of plant diseases, including the ability of abiotic diseases to impact numerous plant species, while some biotic problems are more specific.  In addition, biotic injury can spread progressively – within a plant or to other plants – while abiotic injury does not typically spread.Observance of disease patterns (or lack thereof) in a field can provide clues.  If the disease exhibits a pattern in the field, it is likely to be an abiotic plant disease.  If the disease appears random, it is likely caused by a biotic pathogen.   Of note, abiotic factors can weaken plants and make them more susceptible to biotic factors.  An example of this is overwatering that leads to root disease.  References:Isleib, J. 2012. Signs and symptoms of plant disease: Is it fungal, viral or bacterial? Michigan State University Extension.  Accessed 9/12/2014	http://msue.anr.msu.edu/news/signs_and_symptoms_of_plant_disease_is_it_fungal_viral_or_bacterialKennelly, M., O'Mara, J., Rivard, C., Miller, G.L. and D. Smith. 2012. Introduction to abiotic disorders in plants. The Plant Health Instructor. Accessed 9/12/2014	https://www.apsnet.org/edcenter/intropp/PathogenGroups/Pages/Abiotic.aspxMannion, C. 2011. Distinguishing disease and insect problems from environmental stresses, biotic versus abiotic. UF/IFAS Tropical Research and Education Center, Integrated Pest Management Update 2011. Accessed 9/12/2014	http://www.pbcgov.com/coextension/horticulture/commercial/pdf/mannionbioticvsabiotic.pdf



Disorder / abiotic problems
• Diseases caused by non-

living  factors

• Cannot be spread from 
plant to plant

• Examples: Temperature 
extremes, too much or 
too little moisture, air 
pollution, nutrient 
imbalances

Photo credit: Howard F. Schwartz, Colorado State University, Bugwood.org #5364031

Bean leaves showing chlorosis 
due to a deficiency of iron
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“Plants can be damaged by infectious microbes such as fungi, bacteria, viruses, and nematodes. They can also be damaged by noninfectious factors, causing problems that can collectively be termed "abiotic diseases" or "abiotic disorders. Unfavorable soil properties, fertility imbalances, moisture extremes, temperature extremes, chemical toxicity, physical injuries, and other problems are examples of abiotic disorders that can reduce plant health and even kill plants. Furthermore, many of these abiotic disorders can predispose plants to diseases caused by infectious microbes. Biotic and abiotic plant diseases can be compared to infectious and non-infectious human diseases. In humans, the flu virus and streptococcal bacteria cause infectious diseases, and they spread from person to person. In contrast, non-infectious (abiotic) disorders in humans include health conditions which are not transmitted from person to person or caused by an infectious agent.”  ReferencesKennelly, M., O'Mara, J., Rivard, C., Miller, G.L. and D. Smith 2012. Introduction to abiotic disorders in plants. The Plant Health Instructor. DOI: 10.1094/PHI-I-2012-10-29-01	http://www.apsnet.org/edcenter/intropp/PathogenGroups/Pages/Abiotic.aspx



Causes of plant disease: disorder/abiotic

Photo credits: Left – Susan K. Hagle, USDA Forest Service, www.bugwood.org,  # 1241648; Right – Howard F. Schwartz, Colorado State University, www.bugwood.org, #5364355 

Tree death due to calcium chloride 
dust abatement applied to road

Dry bean plants showing 
symptoms of moisture stress

• Genetic disorders
• Soil nutrient deficiencies
• Transplant shock/stress
• Improper light exposure
• Improper temperatures
• Agrichemical damage 
• Air pollutants
• Heavy soil
• Mechanical injury
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Abiotic plant diseases are the result of non-living factors/disruptions and are capable of damaging plant health and even causing death.  Examples of abiotic plant diseases include:Genetic disordersSoil nutrient deficienciesTransplant shock or stressImproper light exposureImproper temperaturesAgrichemical damage Air pollutantsMechanical injuryHeavy soilMoisture extremesPictured above are two examples of abiotic plant diseases.  In the first example, calcium chloride (which is used for ice and dust control on roads), has caused disease on nearby trees. The bean plants in the second image are showing signs of water stress. References:Kennelly, M., O'Mara, J., Rivard, C., Miller, G.L. and D. Smith. 2012. Introduction to abiotic disorders in plants. The Plant Health Instructor. Accessed 9/12/2014	https://www.apsnet.org/edcenter/intropp/PathogenGroups/Pages/Abiotic.aspx



Plant diseases

• Can be caused by living 
organisms = biotic

• Bio: from bios, meaning 
living or alive

Photo credit: Ron French, Texas A &M

Stripe rust of wheat
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A plant disease is an atypical condition that changes the way in which a plant appears or functions over time.  Plant diseases can reduce both the yield and quality of the product.The majority of plant diseases, around 85 percent, are caused by fungal or fungal-like organisms.Currently, at least 50,000 plant diseases occur in the United States alone, causing devastation to the agriculture industry. An example of a significant, worldwide plant disease is wheat stripe (yellow) rust, caused by Puccinia striformis Westend. F. sp. tritici Eriksson.  Wheat stripe rust is a fungal disease of wheat that overwinters on volunteer plants, causing yellow or orange-colored lesions that are arranged in stripes.  Though most common on leaves, the disease can also be found on glumes (husk) and awns (bristle, growing from the ear or flower in grasses) . In the United States, it was found in more than 20 states in the year 2000, resulting in multimillion dollar yield losses.   References: Chen, W., Wellings, C., Chen, X., Kang, Z., and Liu, T. 2014. Wheat stripe (yellow) rust caused by Paccinia striiformis f. sp. tritici. Molecular Plant Pathology, 15(5), 433-446. Accessed 9/10/2014	http://www.ncbi.nlm.nih.gov/pubmed/24373199Chen, X.M., Moore, M., Milus, E.A., Long, D.L., Line, R.F., Marshall, D., and Jackson, L. 2002.Wheat stripe rust epidemics and races of Puccinia striiformis f. sp. tritici in the United States in 2000. Plant Disease, 86, 39-49. Accessed 9/10/2014	http://apsjournals.apsnet.org/doi/pdfplus/10.1094/PDIS.2002.86.1.39De Wolf, Erick. 2010. Wheat stripe rust. Kansas State University Agricultural Experiment Station and Cooperative Extension Service. Plant Pathology, EP-167. Accessed 9/10/2014	http://www.plantpath.ksu.edu/doc1174.ashxFletcher, J., Luster, D., Bostock, R., Burans, J., Cardwell, K., Gottwald, T., McDaniel, L., Royer, M., and Smith, K. 2010. Chapter 18: Emerging Infectious Plant Diseases. Emerging Infections 9. ASM Press, Washington, DC. Accessed 9/17/2014	http://www.ars.usda.gov/SP2UserFiles/Place/66180000/Fletcher%20et%20al_2010_%20Emerging%20Infectious%20Plant%20Diseases_%20ASM%20Press%20ch18.pdfIntroduction to Plant Pathology. Iowa State University Extension and Outreach, North Central IPM Center.  Accessed 9/12/2014	http://www.ipm.iastate.edu/files/curriculum/05%20Introduction%20to%20Plant%20Pathology_0.pdfIsleib, J. 2012. Signs and symptoms of plant disease: Is it fungal, viral or bacterial? Michigan State University Extension.  Accessed 9/12/2014	http://msue.anr.msu.edu/news/signs_and_symptoms_of_plant_disease_is_it_fungal_viral_or_bacterialPimentel, D., Zuniga, R., and Morrison, D. 2005. Update on the environmental and economic costs associated with alien-invasive species in the United States. Ecological Economics, 52 (3), 273-288. Accessed 9/10/2014	http://www.sciencedirect.com/science/article/pii/S0921800904003027



Susceptible 
Host

Favorable 
Environment

Plant disease triangle

Virulent 
Pathogen

Slide courtesy of L. M. Rodriguez Salamanca , ISU Plant and Insect Diagnostic Clinic, Paul Bolstad, University of Minnesota, Bugwood.org #1125120
Andrej Kunca, National Forest Centre - Slovakia, Bugwood.org, #5379648

Tar spot of maple caused by the fungal 
pathogen (Rhytisma acerinum) (Pers.) Fr.
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Three components are present in all plant diseases: (1) a susceptible plant, (2) a virulent pathogen, and (3) a conducive environment.  For disease to occur, all three components must be present.“The disease triangle  is one of the first concepts encountered by college students in an introductory plant pathology course … the figure illustrates one of the paradigms in plant pathology; that is, the existence of a disease caused by a biotic agent absolutely requires the interaction of a susceptible host, a virulent pathogen, and an environment favorable for disease development. Conversely, plant disease is prevented upon elimination of any one of these three causal components.” In this slide the and example of the disease triangle. The disease Tar spot of maple. “Tar spots on maples are caused by fungi in the genusRhytisma. The most common species are Rhytisma acerinumand R. punctatum. Symptoms first appear in late spring or early summer as infected leaves develop light green or yellow-green spots. During mid to late summer, black tar-like raised structures are formed on the upper surface of leaves within the yellow spots. R. acerinum causes spots that are 0.5 to 2 cm in diameter; R. punctatum causes spots that are smaller (about 1mm in diameter). Spots caused by R. punctatum are sometimes called speckled tar spots. Tar spot diseases seldom are detrimental to the overall health of infected trees. Tar spots may cause premature defoliation, but are not known to kill trees. Tar spot diseases are best managed by raking and destroying fallen leaves because the fungi overwinter on leaves.” References: Francl, L.J.  2001. The Disease Triangle: A plant pathological paradigm revisited. The Plant Health Instructor. DOI: 10.1094/PHI-T-2001-0517-01 Reviewed, 2007	http://www.apsnet.org/edcenter/instcomm/TeachingArticles/Pages/DiseaseTriangle.aspxFor more information on Tar spothttp://plantclinic.cornell.edu/factsheets/tarspotofmaple.pdfhttp://www.pestid.msu.edu/wp-content/uploads/2014/07/MapleTarspot.pdf https://www.ppdl.purdue.edu/PPDL/expert/Tar_Spot_on_Maple.html 



Causes of plant diseases (Biotic) 

Photo credits: Left – Paul Bachi, University of Kentucky Research and Education Center, Bugwood.org, # 5368905; Right – Ron French, Texas A & M

Bacterial spot of pepper Wheat stem rust

Fungi
Water molds

Bacteria
Viruses

Nematodes
Phytoplasmas
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Biotic plant diseases are the result of living plant disruptions. Biotic plant diseases include:FungiWater moldsBacteriaVirusesNematodesPhytoplasmasThe first example is a bacterial infection of tomato and pepper.  Bacterial disease signs can be difficult to see and may include a bacterial ooze, water-soaked lesions, and/or bacterial streaming in water from a cut stem. Symptoms of a bacterial disease include a leaf spot with a yellow halo, fruit spots, cankers, crown galls, and shepherd’s crook stem ends on woody plants.The second image is an example of a rust, a fungal pathogen that affects wheat, barley, and common barberry.  Signs of a fungal disease include spores of fungi that cause rust spores (uredospores and teliospores), sclerotia (resting fungal structure of the fungal pathogens such Sclerotina sclerotiorum or Sclerotium rolsfii).Symptoms of fungal disease include birds-eye spot on berries, damping off of seedlings, leaf spots, and chlorosis.References:Isleib, J. 2012. Signs and symptoms of plant disease: Is it fungal, viral or bacterial? Michigan State University Extension.  Accessed 9/12/2014	http://msue.anr.msu.edu/news/signs_and_symptoms_of_plant_disease_is_it_fungal_viral_or_bacterialSchumann, G.L. and Leonard, K.J. 2000. Stem rust of wheat (black rust). The Plant Health Instructor. Accessed 9/15/2014	http://www.apsnet.org/edcenter/intropp/lessons/fungi/Basidiomycetes/Pages/StemRust.aspx



Causes of plant diseases:
endemic or exotic pathogens 

• Endemic pathogens are commonly 
found in a geographic area. They are 
also called “native pathogens.”

• Exotic pathogens have been brought 
in from another place.  Exotic 
pathogens can be very damaging 
when local crops are not resistant to 
them.  They are also called 
“introduced pathogens.” Often times 
they become invasive.

Photo credit: Linda Haugen, USDA Forest Service, www.bugwood.org, #1400112

Chestnut blight (exotic)

Presenter
Presentation Notes
Some pathogens are common to an area, but others are newly introduced.  Either type has the potential to cause severe ecological problems and economic losses.  Endemic pathogens are those that are commonly found in a geographic area.  They may have co-evolved with the local plants and are confined by environmental conditions.  They are also called “native.”  Endemic pathogens are mostly spread through natural, short-distance movement: plant to plant, soil surface to plant surface, soil reservoir to root surface, etc.  Exotic pathogens are those that are not native to an area (pathogens that have been brought in from another place).  Exotic pathogens can be very damaging when local crops do not have resistance.  They are also called introduced pathogens. When dealing with an exotic pathogen, early detection is essential and is most likely to be achieved through frequent surveys and sampling.  Educational programs and a rapid regulatory response are also essential to minimizing damage.An example of a exotic pathogen is chestnut blight, shown above.  It was accidentally introduced to North American in the early 1900’s on lumber and/or trees and caused mass extinction of this once-plentiful tree species.References:Fletcher, J., Luster, D., Bostock, R., Burans, J., Cardwell, K., Gottwald, T., McDaniel, L., Royer, M., and Smith, K. 2010. Chapter 18: Emerging Infectious Plant Diseases. Emerging Infections 9. ASM Press, Washington, DC. Accessed 9/17/2014	http://www.ars.usda.gov/SP2UserFiles/Place/66180000/Fletcher%20et%20al_2010_%20Emerging%20Infectious%20Plant%20Diseases_%20ASM%20Press%20ch18.pdfRachowicz, L.J., Hero, J.-M., Alford, R.A., Taylor, J.W., Morgan, J.A.T., Vredenburg, V.T., Collins, J.P., and Briggs, C.J. 2005. The novel and endemic pathogen hypotheses: Competing explanations for the origin of emerging infectious diseases of wildlife. Conservation Biology, 1441-1448. Accessed 9/17/2014	http://taylorlab.berkeley.edu/sites/default/files/taylorlab/publications/rachowicz2005.pdf



How plant disease is diagnosed: 
role of First Detectors

Regional Centers
National Repository

Map courtesy of Rachel McCarthy, Cornell University
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Because such large-scale devastation can be caused by plant diseases, it is essential to identify and address abnormalities quickly. Plant disease diagnosis begins with First Detectors. First Detectors include crop consultants, Master Gardeners, the general public, and any other individuals utilizing the land grant system for assistance.  First Detectors work with plants on a daily basis and are in a position to notice unusual pests, pathogens or symptoms. They are interested in protecting agricultural and natural areas from exotic and invasive species.First Detectors are aware of the common pests or pathogens in their region and are prepared to be in touch with and submit unusual samples to their county extension offices or local state diagnostic labs. The work of First Detectors is important in successful disease management and prevention.  First Detectors have opportunities for national and regional trainings to improve their skills and to stay updated on current concerns. First Detector trainings can be found at firstdetector.org and through county and statewide extension specialists.  There are five regions of the National Plant Diagnostic Network (NPDN), pictured above.  Each has a regional hub located at a land grant university where county extension agents can connect First Detectors to diagnostic laboratories.  The relationship between First Detectors, extension specialists, and regional diagnostic laboratories is critical in effective plant disease diagnostics.   



First steps in diagnosing plant diseases
• Ask questions

– What does a healthy plant look like? What is normal?
– What are the symptoms?
– Is there a pattern observed?
– When was the problem first noticed?
– What percentage of plants are affected?

• Proper sample collection
– Several different specimens at varying stages of disease
– Provide adequate information
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One of the most important ways to identify plant disease in a timely manner is to ask questions. Having a good knowledge of plant growth and physiology, plant nutrition, and ecology can help an individual know what questions to ask.  Questions to ask may include:Which plants are diseased and which are healthy? How do you recognize that a plant is diseased? What do you look for?When was the problem noticed?Was the damage sudden or gradual?How old are the affected plants?What percentage of the plants are affected?What is the degree of injury?How is the soil?What is the weather history? Sample collection–and, if appropriate, submission to a diagnostic laboratory– is also an essential early step to plant disease diagnosis.  It is ideal to collect several different specimens at varying stages of disease and to include a healthy specimen for comparison. If a sample is submitted to a diagnostic laboratory, information such as the distribution of the problem in the field and the timing of the occurrence should be included with the sample. Contact your local diagnostic clinic for additional guidelines.References:Putnam, M.L. 1995. Evaluation of selected methods of plant disease diagnosis. Crop Protection, 14(6), 517-525. Accessed 9/10/2014	http://ac.els-cdn.com/026121949500038N/1-s2.0-026121949500038N-main.pdf?_tid=c1b44966-390b-11e4-975e-00000aab0f6b&acdnat=1410368518_c95afff03b08be826e70aed6ff983fa2Streets, R. 1972. The diagnosis of plant diseases: A field and laboratory manual emphasizing the most practical methods for rapid identification. University of Arizona Press. Accessed 9/12/2014	http://books.google.com/books?hl=en&lr=&id=niaiY9itYOkC&oi=fnd&pg=PR11&dq=field+preparation+techniques+plant+diseases&ots=PcONcoyEBC&sig=wb__dyMOi2Gy75IkSf0Q3vLsiP8#v=onepage&q=field%20preparation%20techniques%20plant%20diseases&f=false



Questions to ask: What does a healthy 
plant look like? What is normal?

Photo credit: Left - Howard F. Schwartz, Colorado State University, www.bugwood.org, #5362950; Right – Howard F. Schwartz, Colorado State University, www.bugwood.org, #5393115

Healthy pumpkin plants Diseased pumpkin plants with powdery mildew
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Proper diagnosis of plant problems starts with the ability to recognize an unhealthy plant.  A First Detector should be familiar with how healthy plants within the region look.  Understanding what to expect of the regional plants at various times of the year allows First Detectors to recognize when something is wrong.  This knowledge will help determine whether an observation, like leaf drop, is normal. For example, when presented with the above pumpkin plants, a First Detector may ask, “Are these pumpkin plants healthy?”  A subsequent note would be made of the white powdery mildew on the leaves (seen in the image on the right). Mildew is the white growth of fungal spores on infected plants.  In this case, the base knowledge of what a healthy pumpkin plant looks like facilitates accurate identification of an unhealthy pumpkin plant.References:Dealing with mold and mildew in your flood damaged home. Federal Emergency Management Agency. Accessed 9/15/2014	https://www.fema.gov/pdf/rebuild/recover/fema_mold_brochure_english.pdfStreets, R. 1972. The diagnosis of plant diseases: A field and laboratory manual emphasizing the most practical methods for rapid identification. University of Arizona Press. Accessed 9/12/2014	http://books.google.com/books?hl=en&lr=&id=niaiY9itYOkC&oi=fnd&pg=PR11&dq=field+preparation+techniques+plant+diseases&ots=PcONcoyEBC&sig=wb__dyMOi2Gy75IkSf0Q3vLsiP8#v=onepage&q=field%20preparation%20techniques%20plant%20diseases&f=false



Questions to ask: Is there a pattern observed?

Soybean field with a small 
area of stunted plants due to 
infestation of soybean cyst 
nematodes, Heterodera
glycines.

Slide courtesy of L. M. Rodriguez Salamanca , ISU Plant and Insect Diagnostic Clinic
Photo credit: Paul Bachi, University of Kentucky Research and Education Center, Bugwood.org, # 5430023

Disorders Diseases
Pattern present Hot spots, start in one area and move to others 

Static (NO progression space) Progress in time and space

Broad occurrence Narrow host range* (some exceptions)
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Observe Patterns Check distribution of symptoms.  First detectors should note “how the diseased plants are distributed over the affected area... A uniform pattern on an individual plant and uniform damage patterns over a large area are generally not associated with biotic agents, but are usually due to abiotic agents.”References�Riley, M.B., M.R. Williamson, and O. Maloy. 2002. Plant disease diagnosis. The Plant Health Instructor. DOI: 10.1094/PHI-I-2002-1021-01 	http://www.apsnet.org/edcenter/intropp/topics/Pages/PlantDiseaseDiagnosis.aspx



Questions to ask: How was the plant 
grown and harvested?

Photo credits: Left – Keith Weller, USDA Agricultural Research Service, www.bugwood.org, #1321067; Right – Howard F. Schwartz, Colorado State University, www.bugwood.org, #5359056

Ridge-tillage in a soybean field to control weeds Furrow irrigation in a potato field 
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Once it is determined that a plant is unhealthy, further questions should be asked.  The process of diagnosing plant problems can be greatly aided by knowledge of how a plant has been grown, from initial planting practices to the harvesting of the crop.  When First Detectors are familiar with what is and what has been happening in a field, they can more easily identify concerns.  Planting-to-harvest practices that First Detectors should make themselves familiar with include:Field preparation techniquesPlanting methodsTillageCrop rotationFertilizationIrrigationMulchingPest controlHarvest methodsAn example of two planting-to-harvest practices and how they may impact plant health is provided as follows.  Ridge till is a system for crop production used for row crops. It requires that the top ridge of a seed bed - formed during the cultivation of the previous year’s crop- is scraped off before seeds are inserted. Though this technique has several benefits, including reduced erosion and fewer problems with weeds, it may be problematic for winter annuals, which can appear stunted and have slow growth.  If these symptoms are observed and it is known that a ridge till system has been used, disease identification may be aided.Likewise, the practice of furrow irrigation may have consequences for plant growth.  Furrow irrigation is, in a general sense, the application of water at a controlled rate into shallow and evenly spaced channels in a field. There are several advantages to furrow irrigation, such as a relatively low initial capital investment on lands that do not require extensive leveling, but this method also has the potential to contribute to plant problems.  For example, use of furrow irrigation can cause a concentration of salts from either the soil or water supply along the ridges, which depresses crop yields.  If it is known that furrow irrigation has been used in a field, this practice can be considered as a possible cause of or contributor to decreased yield.References:Brenner, J., Walker, J., Gustafson, C., Nelson, D., Dalton, J., and Suit, J. National Engineering Handbook, Irrigation Guide, Chapter 5: Furrow Irrigation. 1997. A USDA and Soil Conservation Service Publication. Accessed 9/10/2014	ftp://ftp.wcc.nrcs.usda.gov/wntsc/waterMgt/irrigation/NEH15/ch5.pdfHirschi, M., Siemens, J., and Peterson, D. 1988. Land & Water: Conserving Natural Resources in Illinois. University of Illinois at Urbana-Champaign, College of Agriculture, Cooperative Extension Service. Accessed 9/10/2014	http://web.aces.uiuc.edu/vista/pdf_pubs/RIDGING.PDFPfost, D.L. 1993. Ridge-Till tips. Curators of the University of Missouri. Accessed 9/15/2014	http://extension.missouri.edu/p/G1652Teigen, T.I., Cihacek, L.J., and Helms, T.C. 1991. Modified ridge tillage vs. conventional tillage for soybean production. Farm Research, 49(2), 5-7. Accessed 9/10/2014	http://library.ndsu.edu/tools/dspace/load/?file=/repository/bitstream/handle/10365/10180/farm_49_02_02.pdf?sequence=1



Questions to ask: 
Were agrichemicals used?

Photo credit: Howard F. Schwartz, Colorado State University, www.bugwood.org, #5362434

Fungicide application in a potato field

• Any chemical used to 
protect and improve crop 
production

• Questions to ask about 
agrochemicals:
— What was applied?
— Application rates? 
— Targeted organism(s)? 
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Another important question to ask is whether agrichemicals have been used, as they can play a role in diseased plants. Agrichemicals include any chemical that is used to improve the production of crops, such as commercial fertilizers, pesticides, and feed supplements.  Herbicides, herbicide degradation products, nitrate, and other agrichemicals are often present in water sources and may have negative effects on ecosystems.When agrichemicals have been applied, several questions should be asked:What types (insecticides, herbicides and fungicides; fertilizers, hormones and other chemical growth agents, and concentrated raw animal manure) of agrichemicals have been applied? What was the rate of application?What was the targeted organism(s)? In asking these questions, it is important to attempt to distinguish between chemical and environmental damage.  Consideration should also be given to the way in which soil characteristics interact with agrichemicals, as this may impact plant health and development.References:Burkart, M., Kolpin, D.W., Jaquis, R., and Cole, K. 2001. Soil characteristics and agrichemicals in groundwater in the Midwestern United States. Water Science and Technology, 43(5), 251-260. Accessed 9/10/2014	http://water.usgs.gov/nawqa/pnsp/pubs/files/Herbicides03.pdf



Symptoms of agrichemical injury

Photo credits: Left – Howard F. Schwartz, Colorado State University, www.bugwood.org, # 5364019; Right – William M. Brown Jr., www.bugwood.org, # 5356815 

Cupping of bean leaves due to chemical injury Winter wheat herbicide injury
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Used correctly, herbicides seldom cause problems on non-target plants. However, inappropriate application can lead to injury, as can the process of an herbicide turning into a gas (a process called volatilization) or being carried by the wind away from the targeted area.  The above images are examples of plant disease caused by chemical application.  One symptom of the use of growth-hormone herbicides, such as dicamba and picloram, is the cupping of leaves.  Damaged leaves typically cup upward, as shown in the image of bean leaves above.The damage of winter wheat, pictured above, was caused by herbicide carryover.  Herbicide carryover, or the persistence of an herbicide from one growing season to the next, can have an impact on many crops. Problems caused by herbicide carryover range from darkened green or brown spots on leaves to necrosis of parts of leaves, usually the tips and margins.It should be noted that various other factors can cause symptoms that look like herbicide injuries, including:  mite, insect, or disease damage; adverse weather; soil compaction; drought; root stress; improper soil pH; misapplied fertilizers; genetic mutations; and road salt.  Abiotic issues can resemble biotic issues making them difficult to determine.  For example, chemical or herbicide damage may resemble some virus damage.  Awareness of the other potential causes of damage as well as the acquisition of thorough information about the ways in which a plant was grown can help determine the source of the malady.References:Bradley, K. 2012. Consider herbicide carryover potential before planting wheat or forage grasses this fall. Division of Plant Sciences, Integrated Pest and Crop Management, MU IPM Program. Accessed 9/12/2014	http://ipm.missouri.edu/IPCM/2012/8/Consider-Herbicide-Carryover-Potential-before-Planting-Wheat-or-Forage-Grasses-this-Fall/Edwards, Ery. Herbicide Injury Symptoms. North Carolina State University, Cooperative Extension, Horticultural Science.  Accessed 9/12/2014	http://www.ces.ncsu.edu/depts/hort/consumer/quickref/weeds-herbicides/injury_symptoms.htmlRuhl, G., Whitford, F., Weller, S., Dana, M., Putnam, M., Childs, D., and Lerner, R. 1991. Diagnosing Herbicide Injury on Garden and Landscape Plants. Purdue Plant and Pest Diagnostic Laboratory, ID-184-W.  Accessed 9/12/2014	https://www.extension.purdue.edu/extmedia/id/id_184_w.pdfStahlman, P.W., Currie, R.S., and El-Hamid, A.E. 1997. Nitrogen carrier and surfactant increase foliar herbicide injury in winter wheat (Triticum aestivum). Weed Technology, 11(1), 7-12. Accessed 9/12/2014	http://www.jstor.org/stable/3988221?seq=1



Signs vs. symptoms
• Sign: includes any part of the pathogen itself or its products
• Symptom: visible abnormality (physiological effect) on a plant

Photo credits: Left – David Gent, USDA Agricultural Research Service, www.bugwood.org, # 5393956; Right – Howard F. Schwartz, Colorado State University, www.bugwood.org, #5363997

Powdery mildew on hops

SIGN SYMPTOM

Mosaic on common bean leaf

White powder is 
the pathogen 
itself  (fungal 
growth)

Presenter
Presentation Notes
A sign of disease includes any part of the pathogen itself or its products.  Examples of a sign include vegetative structures, such as mycelium of a fungus; reproductive structures, such as spores or the eggs of a nematode; and products of a pathogen, such as bacterial ooze. Signs of disease vary based on the specific plant, pathogen and the different stages of disease progression. In the above photo of powdery mildew, the powdery growth is a sign of the fungal pathogen.  Signs of a fungal disease include spores of fungi that cause rust spores (uredospores and teliospores), sclerotia (resting fungal structure of the fungal pathogens such Sclerotinia sclerotiorum or Sclerotium rolsfii).A symptom is the visible effect of disease or disorder on a plant.  This includes alteration in color, shape, and/or functions of the plant in response to a disease. Symptoms are an indication of disease by a visible reaction of the host. The above image shows a mosaic pattern, which is characterized by the presence of intermingled patches of normal and light green or yellowish colored plant tissue.  It is caused by a virus (Bean Common Mosaic Virus, or BCMV).  The virus itself can not be seen, but the mosaic pattern is a symptom of the virus. Symptoms of fungal disease include birds-eye spot on berries, damping off of seedlings, leaf spots, and chlorosis.Signs and symptoms serve multiple functions.  In addition to indicating that a disease is present, they may also provide clues as to the type of pathogen present.  In the previous example, for instance, observance of the mosaic suggests not only an unhealthy plant, but also a plant that may be infected with a virus, as many plant viruses cause a mosaic symptom.  When examining signs and symptoms of disease, it is also important to consider symptom variability. More than one pathogen often infects a plant. In these cases, symptoms may be different than those expressed in response to each of the different pathogens acting separately.  References:Introduction to Plant Pathology. Iowa State University Extension and Outreach, North Central IPM Center.  Accessed 9/12/2014	http://www.ipm.iastate.edu/files/curriculum/05%20Introduction%20to%20Plant%20Pathology_0.pdfIsleib, J. 2012. Signs and symptoms of plant disease: Is it fungal, viral or bacterial? Michigan State University Extension.  Accessed 9/12/2014	http://msue.anr.msu.edu/news/signs_and_symptoms_of_plant_disease_is_it_fungal_viral_or_bacterialLangham, M. 2014. Signs and symptoms point the way. The American Phytopathological Society. Accessed 9/12/2014	https://www.apsnet.org/edcenter/K-12/NewsViews/Pages/2006_10.aspxRiley, M.B., Williamson, M.R., and Maloy, O. 2002. Plant disease diagnosis. The Plant Health Instructor. Accessed 9/10/2014	https://www.apsnet.org/edcenter/intropp/topics/Pages/PlantDiseaseDiagnosis.aspx



What to look for: symptoms of diseases
Diseases can be recognized as 
growth irregularities in plant 
parts (leaves, stalks, fruits, 
etc), including:

– Galls
– Cankers
– Rots
– Scabs
– Wilt
– Necrosis (tissue death)

Photo credit: Clemson University, USDA Cooperative Extension Slide Series, www.bugwood.org, #1436170

Potato scab

Presenter
Presentation Notes
In addition to background information about plant health and the planting-to-harvesting practices of a specific plant, it is necessary to have a working knowledge of the signs and symptoms of abnormal plant development.  Plant diseases involve a progression of signs and symptoms that can significantly vary depending on such factors as the age of the host, time of year, and weather conditions.  Diseases can also result in primary or secondary symptoms.  Primary symptoms are a direct result of the disease, whereas secondary symptoms are a result of the physiological effects of the disease on distant tissue.The signs and symptoms of plant disease can often be characterized by irregularities that are visible when observing the leaves, stalks or fruits.  These abnormalities are given names or described as galls, cankers, rots, scabs, wilt and necrosis.It is important to remember that there may be more than one plant disease, more than one pathogen involved, pathogens with varying levels of virulence, or interfering environmental conditions.  Symptoms may be affected by host genetics.References:Introduction to Plant Pathology. Iowa State University Extension and Outreach, North Central IPM Center.  Accessed 9/12/2014	http://www.ipm.iastate.edu/files/curriculum/05%20Introduction%20to%20Plant%20Pathology_0.pdfIsleib, J. 2012. Signs and symptoms of plant disease: Is it fungal, viral or bacterial? Michigan State University Extension.  Accessed 9/12/2014	http://msue.anr.msu.edu/news/signs_and_symptoms_of_plant_disease_is_it_fungal_viral_or_bacterialLangham, M. 2014. Signs and symptoms point the way. The American Phytopathological Society. Accessed 9/12/2014	https://www.apsnet.org/edcenter/K-12/NewsViews/Pages/2006_10.aspxRiley, M.B., Williamson, M.R., and Maloy, O. 2002. Plant disease diagnosis. The Plant Health Instructor. Accessed 9/10/2014	https://www.apsnet.org/edcenter/intropp/topics/Pages/PlantDiseaseDiagnosis.aspx



Symptoms of plant diseases

Photo credits: Left – R.J. Reynolds Tobacco Company Slide Set, www.bugwood.org, #1440031; Right – Howard F. Schwartz, Colorado State University, www.bugwood.org, #5363005

Chlorotic or necrotic rings are a symptom of Tobacco 
ringspot virus (a viral pathogen)

Tissue death is a symptom of common bacterial blight of 
bean (caused by a bacterial pathogen)

Presenter
Presentation Notes
These are examples of plant disease symptoms, as they show the visible reaction of a plant to disease. Tobacco ringspot virus (Nepovirus TRSV) is a nepovirus that causes systemic chlorotic and necrotic ringspots in cultivated tobacco.  Common bacterial blight of beans (Xanthomonas axonopodis pv. phaseoli) causes spots of dead tissue.  The brown areas of dead tissue are a symptom of the bacterial infection. Common bacterial blight damages the foliage and pods of beans and often leads to losses in yield and seed quality.References:Report on plant disease: Bacterial diseases of beans. 2000. University of Illinois Extension, Department of Crop Sciences. RPD No. 921. Accessed 9/15/2014	https://ipm.illinois.edu/diseases/rpds/921.pdfZellner, W., Frantz, J., and Leisner, S. 2011. Silicon delays Tobacco ringspot virus systemic symptoms in Nicotiana tabacum. Journal of Plant Physiology, 168(15), 1866-1869. Accessed 9/15/2014	http://www.sciencedirect.com/science/article/pii/S0176161711002008



Categories of symptoms

• Overdevelopment of tissue
– Galls, profuse flowering

• Underdevelopment of tissue
– Stunting, shortened internodes, failure 

of fruits and flowers to develop

Photo credit: American Phytopathological Society Archive, American Phytopathological Society, www.bugwood.org, #0162085

Underdevelopment (stunting) caused by 
Potato yellow dwarf virus

Presenter
Presentation Notes
Accurate description of symptoms may be aided by grouping them into the following categories: overdevelopment of tissue, underdevelopment of tissue, death of tissue, and alteration of normal appearance.Overdevelopment symptoms are caused by the stimulation of a plant cell, part, or product to increase in size or number. In addition to the creation of tumors or galls, overdevelopment can lead to the proliferation of a certain plant part, or the increase of an organelle or product at a cellular level (e.g., witches’ brooms and profuse flowering).  Conversely, underdevelopment symptoms are a result of the lack or limitation of a plant part or product.  Examples include dwarfing/stunting, shortened internodes, underdeveloped roots, malformed leaves, underdevelopment of chlorophyll and other pigments, and the failure of fruits and flowers to develop.References:D’Arcy, C.J., Eastburn, D.M., and Schumann, G.L. 2001. Illustrated glossary of plant pathology. The Plant Health Instructor. Accessed 9/15/2014	http://www.apsnet.org/edcenter/illglossary/Pages/default.aspxLangham, M. 2014. Signs and symptoms point the way. The American Phytopathological Society. Accessed 9/12/2014	https://www.apsnet.org/edcenter/K-12/NewsViews/Pages/2006_10.aspxRiley, M.B., Williamson, M.R., and Maloy, O. 2002. Plant disease diagnosis. The Plant Health Instructor. Accessed 9/10/2014	https://www.apsnet.org/edcenter/intropp/topics/Pages/PlantDiseaseDiagnosis.aspx



Categories of symptoms

• Death of tissues (necrosis)
– Blights, leaf spots, fruit rots.

• Alteration of normal appearance
– Mosaics, altered coloration in leaves 

and flowers

Photo credit: Cheryl Kaiser, University of Kentucky , www.bugwood.org, #5407832

Apple bitter rot  caused by the fungal 
pathogen Colletotrichum gloeosporioides

Presenter
Presentation Notes
The death of any plant part, tissue, or cell is an example of a necrotic symptom. Tissue death can be generalized, as in the case of blights, or it may be localized, as in leaf spots.  It is often signaled by browning of the dying tissues. Finally, the alteration of a plant’s normal appearance can be symptomatic of disease.  In addition to a change in the color of leaves and flowers, this may result in mosaics, or nonuniform coloration with a mix of normal, light green, and yellowish patches.References:D’Arcy, C.J., Eastburn, D.M., and Schumann, G.L. 2001. Illustrated glossary of plant pathology. The Plant Health Instructor. Accessed 9/15/2014	http://www.apsnet.org/edcenter/illglossary/Pages/default.aspxLangham, M. 2014. Signs and symptoms point the way. The American Phytopathological Society. Accessed 9/12/2014	https://www.apsnet.org/edcenter/K-12/NewsViews/Pages/2006_10.aspxRiley, M.B., Williamson, M.R., and Maloy, O. 2002. Plant disease diagnosis. The Plant Health Instructor. Accessed 9/10/2014	https://www.apsnet.org/edcenter/intropp/topics/Pages/PlantDiseaseDiagnosis.aspx



Categories of symptoms

Photo credits: Top left – Joseph O'Brien, USDA Forest Service, www.bugwood.org, #5032018; Top right- J. Dunez, www.bugwood.org, # 0454059; Bottom left – Howard F. Schwartz, Colorado State University, 
www.bugwood.org, #5362498; Bottom right – Gerald Holmes, California Polytechnic State University at San Luis Obispo, www.bugwood.org, #1571188

Healthy plant 
in middle. 
Under-
development 
in side plants 
caused by 
Chrysanthem
um stunt 
viroid. 

Oak leaf 
blister. Note 
thickening 
and 
distortion.

UnderdevelopmentOverdevelopment

Death of tissue

Necrotic 
leaf spot 
typical of 
early 
blight on 
potato.

Altered appearance

Mosaic 
virus on 
melon.
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Presentation Notes
Oak leaf blister is caused by a fungus (Taphrina caerulescens).  Symptoms of this type of overdevelopment include leaves that develop circular, raised, wrinkled, yellowish-white spots on their upper surfaces, with yellowish-brown to gray depressions of equal size on the corresponding lower surfaces.  With time, lesions turn reddish brown with pale yellow margins, then become a dull brown.Chrysanthemum stunt viroid (CSVd) causes underdevelopment of tissue and can result in serious damage to chrysanthemums.  Damage caused by CSVd includes stunting, leaf yellowing, and deformation of the flowers.The tissue death pictured above was caused by the fungal pathogen Alternaria solani, the causal agent of early blight on potato. Initial symptoms of this disease include small black or brown lesions; with favorable conditions, lesions will enlarge.  The lesions are often surrounded by a yellow halo, and larger lesions often develop dark, pigmented concentric rings.Mosaic viruses cause altered plant appearance which displays as a mottling of foliage characterized by intermingled spots of normal and light green or yellow-colored plant tissue.  References:Kemmitt, G. 2002. Early blight of potato and tomato. The Plant Health Instructor. Accessed 9/15/2014	http://www.apsnet.org/edcenter/intropp/lessons/fungi/ascomycetes/Pages/PotatoTomato.aspxNameth, S.T. Mosaic virus diseases of vine crops. The Ohio State University Extension Fact Sheet. HYG-3109-95. Accessed 9/15/2014	http://ohioline.osu.edu/hyg-fact/3000/3109.htmlReport on plant disease: Oak leaf blister. 1999. University of Illinois Extension, Department of Crop Sciences. RPD No. 663. Accessed 9/15/2014	https://ipm.illinois.edu/diseases/rpds/663.pdf Torchetti, E.M., Navarro, B., Trisciuzzi, L., Silletti, M.R., and Di Serio, F. 2012. First report of Chrysanthemum stunt viroid in Agryranthemum frutescens in Italy. Journal of Plant Pathology, 94(2), 451-454. Accessed 9/15/2014	http://www.cabi.org/isc/FullTextPDF/2012/20123315718.pdf  



Photo credits: Left – Steven Katovich, USDA Forest Service, www.bugwood.org, #1457017; Middle – R.J. Reynolds Tobacco Company, www.bugwood.org, #1402041; Right – University of Georgia Plant Pathology 
Archive, www.bugwood.org, #1494081

Symptoms and disease terms

Bullet galls on white oak
Pecan scab

Southern bacterial wilt on flue-
cured tobacco

GALLS

WILT

SCAB
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Presentation Notes
There are some basic terms that are helpful in understanding and identifying plant disease. Plant diseases are often given their common names based on the plant part affected, by the way the plant is affected, or by the cause.Gall – localized  overgrowth of plant tissue caused by bacteria, fungi, mites or insects. Wilt – drooping or collapsed plant parts caused by insufficient water, or fungal or bacterial vascular infection.Scab – a crustaceous lesion caused by bacteria or fungi.References:D’Arcy, C.J., Eastburn, D.M., and Schumann, G.L. 2001. Illustrated glossary of plant pathology. The Plant Health Instructor. Accessed 9/15/2014	http://www.apsnet.org/edcenter/illglossary/Pages/default.aspxMannion, C. 2011. Distinguishing disease and insect problems from environmental stresses, biotic versus abiotic. UF/IFAS Tropical Research and Education Center, Integrated Pest Management Update 2011. Accessed 9/12/2014	http://www.pbcgov.com/coextension/horticulture/commercial/pdf/mannionbioticvsabiotic.pdf
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http://www.forestryimages.org/images/768x512/1494081.jpg
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Systemic plant diseases

Photo credits: Left-Howard F. Schwartz, Colorado State University, Bugwood.org, # 5361257, Right – Gerald Holmes, California Polytechnic State University at San Luis Obispo, Bugwood.org , # 1573860

Verticillium wilt of tomato, caused by fungal pathogens 
in the genus Verticillium

Goss's wilt of corn showing vascular plugging by the 
bacterium Clavibacter michiganensis subsp. 

nebraskensis
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Presentation Notes
A systemic pathogen spreads internally throughout the plant as opposed to staying localized.  Symptoms result from the invasion of the plant by the pathogen and can affect any part of the plant.  When the pathogen reaches the vascular tissue of a plant, it is transported throughout the plant. Systemic infection may lead to symptoms such as:WiltingBlightYellowingDwarfing/stuntingNecrosisReferences:D’Arcy, C.J., Eastburn, D.M., and Schumann, G.L. 2001. Illustrated glossary of plant pathology. The Plant Health Instructor. Accessed 9/15/2014	http://www.apsnet.org/edcenter/illglossary/Pages/default.aspx



Symptoms and disease terms

Photo credits: Left - Charles Averre, North Carolina State University, www.bugwood.org, #1563470; Right -Curtis Utley,  CSUE, www.bugwood.org, # 5406079

Black rot on sweet potatoes Canker caused by Geosmithia morbida, 
the causal agent of thousand cankers 

disease on walnut

ROT CANKER
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Presentation Notes
Rot – the softening, discoloration and often disintegration of plant tissue as a result of fungal or bacterial infection.Canker – a necrotic and sometimes sunken or cracked area surrounded by living tissue on a stem. References:D’Arcy, C.J., Eastburn, D.M., and Schumann, G.L. 2001. Illustrated glossary of plant pathology. The Plant Health Instructor. Accessed 9/15/2014	http://www.apsnet.org/edcenter/illglossary/Pages/default.aspx

http://www.forestryimages.org/images/768x512/1563470.jpg


Symptoms and disease terms

Photo credits: Left –Jennifer Olson, Oklahoma State University, www.bugwood.org, # 5435414; Middle – Howard F. Schwartz, Colorado State University, www.bugwood.org, #5357506; Right – David B. Langston, 
University of Georgia, www.bugwood.org, #5077003

Bean plants showing common 
bacterial blight

BLIGHT

Downy mildew on squash

CHLOROSISNECROSIS

Necrotic leaf spots caused by 
Impatiens necrotic spot virus. 
Host plant: Coleus 'Freckles'
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Presentation Notes
Necrosis – the premature death of cells in living tissueBlight – sudden, severe withering and/or killing of leaves, flowers, shoots, fruits, or entire plants. Often referred to as bud blight, leaf or needle blight, tip blight, shoot or twig blight, or flower blight.Chlorosis–  yellowing of plant leaf tissue.References:D’Arcy, C.J., Eastburn, D.M., and Schumann, G.L. 2001. Illustrated glossary of plant pathology. The Plant Health Instructor. Accessed 9/15/2014	http://www.apsnet.org/edcenter/illglossary/Pages/default.aspxMannion, C. 2011. Distinguishing disease and insect problems from environmental stresses, biotic versus abiotic. UF/IFAS Tropical Research and Education Center, Integrated Pest Management Update 2011. Accessed 9/12/2014	http://www.pbcgov.com/coextension/horticulture/commercial/pdf/mannionbioticvsabiotic.pdf
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Symptoms and disease terms

Leaf spots caused by Cercospora arachidicola on peanut

Photo credits: Left – Virginia Tech Plant Pathology Archive, Virginia Polytechnic Institute and State University, www.bugwood.org, # 5332047; Right – R.J. Reynolds Tobacco Company Slide Set, 
www.bugwood.org, #1440048

LEAF SPOT ROOT KNOT

Damage caused by a root-knot nematode on burley 
tobacco (Nicotiana tabacum (burley type) L.
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Presentation Notes
Leaf spot – a plant disease lesion that is usually round, oval or symmetrical.Root knot – gall or tumor formed on the root system of an infected plant; this example is the result of root-knot nematode feeding.References:D’Arcy, C.J., Eastburn, D.M., and Schumann, G.L. 2001. Illustrated glossary of plant pathology. The Plant Health Instructor. Accessed 9/15/2014	http://www.apsnet.org/edcenter/illglossary/Pages/default.aspxLangham, M. 2014. Signs and symptoms point the way. The American Phytopathological Society. Accessed 9/12/2014	https://www.apsnet.org/edcenter/K-12/NewsViews/Pages/2006_10.aspxMitowski, N.A. and Abawi, G.S. 2003. Root-knot nematodes. The Plant Health Instructor. Accessed 9/17/2014	http://www.apsnet.org/edcenter/intropp/lessons/Nematodes/Pages/RootknotNematode.aspx



Signs of plant disease

Photo credits: Left –Tom Creswell, Organization: Purdue University www.bugwood.org, # 5483031; Right – Clemson University, USDA Cooperative Slide Series, www.bugwood.org, #1235030

Hollyhock rust pustules on the underside of the leaf Powdery mildew on pecan

Presenter
Presentation Notes
These are examples of plant disease signs, as they are the direct observation of the pathogen. Hollyhock rust pustules, pictured above, is caused by the fungus Puccinia malvacearum.  Pustules formed on the underside of a leaf contain numerous spores which are signs of the pathogen.Powdery mildew, also pictured above (Microsphaera penicillata), is a growing fungal colony.  Various pathogens that cause powdery mildew occur on many flowers, vegetables, woody ornamentals and trees.  A chief sign of powdery mildew is the white powdery fungus show in this image.References:Moorman, G.W. 2014. Powdery mildew. Penn State Extension, College of Agricultural Sciences. Accessed 9/12/2014	http://extension.psu.edu/pests/plant-diseases/all-fact-sheets/powdery-mildew-cross-listingSabaratnam, S. 2012. Chrysanthemum white rust. British Columbia Ministry of Agriculture. Accessed 9/15/2014	http://www.agf.gov.bc.ca/cropprot/cwrust.htm



Signs of plant diseases
Fungal spores-microscope Bacterial streaming-microscope

Photo credits: Left-Jason Brock, University of Georgia, Bugwood.org, Bugwood.org # 5453983, Right-Paul Bachi, University of Kentucky Research and Education Center, Bugwood.org # 5368282
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Fungal spores- fungi are identified based on their spore characteristics (shape, color size etc.)Bacterial streaming-  the milky exudate coming out of the plant tissue is millions of microscopic bacterial cells. This is a sign of bacterial disease.In cases where diseases have similar symptoms, observing the signs of the pathogen can be the clue to determining what the disease is. Some signs of the pathogens are microscopic or hard to see with the naked eye and can only be observed upon inspection using a high power microscope (high magnification). Submitting a sample to the local diagnostic laboratory or clinic is needed in order to identify the causal agent of the symptoms observed.



Laboratory examination and testing

May involve:
– Dissecting microscope
– Compound microscope
– Electron microscope
– Moist chamber 

incubation
– Culturing
– Tests for biotic agents
– Tests for abiotic agents

Photo credit: Rachel McCarthy, Cornell University - NEPDN, www.bugwood.org, #5458065 
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Presentation Notes
Following the work of First Detectors – asking questions, acquiring a proper sample, observing and describing signs and symptoms – laboratory examination and testing may occur.  This process may involve a dissecting microscope, compound microscope, electron microscope, moist chamber incubation, culturing, tests for biotic agents, and/or tests for abiotic agents.  The equipment used will depend on the specific sample.Ultimately, effective plant disease diagnosis requires a strong relationship between First Detectors, extension specialists, and state and local diagnostic laboratories.References:Riley, M.B., Williamson, M.R., and Maloy, O. 2002. Plant disease diagnosis. The Plant Health Instructor. Accessed 9/10/2014	https://www.apsnet.org/edcenter/intropp/topics/Pages/PlantDiseaseDiagnosis.aspx



Questions?
• To find your local NPDN lab or for more 

information on the NPDN
– www.npdn.org
– See scripted presentation “Introduction to NPDN”

• Regional Training & Education Contacts 
http://www.npdn.org/first_detector

• NPDN First Detector Training Website
– www.firstdetector.org

http://www.npdn.org/
http://www.npdn.org/first_detector
http://www.firstdetector.org/


Helpful Resources
• Illustrated Glossary of Plant Pathology 

http://www.apsnet.org/edcenter/illglossary/Pages/default.as
px
 Provides an on-line glossary of plant pathology

• Introductory Plant Pathology Resources 
http://www.apsnet.org/EDCENTER/INTROPP/Pages/default.as
px

• Visit your state/ local plant diagnostic clinic website
 Most offer online factsheets for local common plant diseases in and provides 

affordable diagnosis of diseased plant samples

Presenter
Presentation Notes


http://www.apsnet.org/edcenter/illglossary/Pages/default.aspx
http://www.apsnet.org/EDCENTER/INTROPP/Pages/default.aspx
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