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Unit 2: Plant Science Investigation

Introduction

This unit will cover the basics of plant science investigation and how to apply plant pathology concepts to your job.

The Plant Disease Clinics at the University of Georgia provide diagnostic support for county Extension personnel, commercial growers and nurseries, and the residents of Georgia. The clinic provides accurate plant disease diagnosis, quick turn around time, professional services, and up-to-date control recommendations. Diagnostic services provided by these clinics should be accessed through the county Cooperative Extension office.

With the support of the Plant Disease Clinic and your on-the-job experience, you will be able to serve clientele who request help with plant disease problems.
Overview

This unit will cover:

a. Communicating with clients

b. Plant pathology resources

c. Sample collection

d. Sample submission

e. Interpreting diagnoses and recommendations

a. Communicating with clients

· Know the right questions to ask the client

· Be persistent

· Get detailed information

· Tell the client the problem and how to correct it

Know the right questions to ask the client

Asking relevant questions is the first step in being a plant detective.


You can never ask too many questions! Your client may not remember certain things that were done to their landscape or plants, and they also may not associate those things with particular problems. It is your job to probe their minds for information so that you can diagnose the problem or relay that information to the diagnostician and/or specialist.  

Choose questions that are appropriate to the location.

1) Get a history of the problem.
· When did you first notice the problem?

· Has it occurred with these plants/in this field before? 
· Has it occurred in this specific location on other plant species before?

· Where are the plant symptoms? Above-ground? Below-ground? Both?

· What has been planted here before? (Crop rotation)


2) Get a record of all sprays and fertilizer treatments that have been applied to the plants or location within 24 months.


· Fertilizers

· Fungicides

· Insecticides

· Miticides

· Herbicides

· Unknown?


3) Find out a history of the site.
· Was this always a garden space? 
· What other types of plants have been grown in this site?
· Were trees recently removed from the area?

· What is the association of the problem with the terrain?


4) Could environmental conditions be causing the problem?
· Ask about weather conditions in the area? 
· Have there been any extreme environmental conditions (temperature, rain)?

5) Is there a pattern associated with the symptoms? 
· Individual plant? 
· Individual plant parts?

· Plant groupings?

· Row patterns associated with terrain?

· Areas in the field?


6) Are environmental conditions different in areas containing the affected plants?

· Are they in low areas of the field prone to flooding? 
· Other microclimates?
· Are there drainage problems?

· Note the slope/fall of the land.


7) Is the pattern of symptoms within the plant?
· Is it wilting on one side?
· Location of symptoms on the plant?

· Age of growth affected?


8) What are the soil conditions? 

· Dry? Moist? Wet?

· Compacted clay or sandy?


9) What type of irrigation is there? 

· Frequency?

· Is it working properly?

10) Look for obvious symptoms and signs
· Are cankers present? 
· Can you see fruiting bodies?

· Don't ignore the root system.
· Beware of secondary pathogens and insects.

Remember, don’t feel you must give a diagnosis or recommendation on the spot. You will feel worse if you have to inform the client that you were wrong after he/she has already followed your advice.


Be persistent

Homeowners and other clients may not always tell you the entire story about the situation at hand. This may or may not be intentional. Keep asking, and the important information will slip out.

Get detailed information

Many times the details of the problem need to be coerced from the client before the problem can be determined. 

For instance, he/she may neglect to tell you that one month ago he/she applied an extremely high rate of a fertilizer wanting to speed up the greening of their lawn. Now, the lawn looks off-color and appears to be in stress. It is likely that they have burned the lawn. Most times, the homeowner is not aware of the damage that can happen by doing certain things. It is simply not common knowledge. 
Tell the client the problem and how to correct it

The client often wants the problem to be a disease so he/she can “spray and fix it.” Mitigation is usually not this easy and the problem will likely come back. 

Most plant problems from homeowners are not disease problems at all but are things that may have been done incorrectly. In this case, be supportive, let the client know what the problem is, and guide them to a solution. This will help prevent the problem in the future. 
b. Plant pathology resources

There are resources available to county agents, and you should begin building your own library of books and references that you can refer to about plant diseases. The resources listed here will help you learn more about plant disease and aid you in diagnosing plant problems.

This section will cover the following:

· Web resources

· Print resources

Web resources

Plant Pathology Clinic

plantpath.caes.uga.edu/extension/clinic.html 

· information about where to send samples

· a plant disease library with information about specific fungal pathogens 

· a detailed list of publications from members of the Plant Pathology department (present and past)

· how-to methods listed (how to make a slide, etc.) 

· archive of Homeowner reports, created monthly and include all samples submitted and a ‘disease of the month’ feature

· links to various other web sites (see Image 51)

American Phytopathological Society (APS) 

www.apsnet.org
· information about plant diseases and their control

· an education center: www.apsnet.org/education 

Southern Plant Diagnostic Network (SPDN) 

spdn.ifas.ufl.edu


· regional site of the National Plant Diagnostic Network (NPDN) 

· includes valuable information like Pest Alerts in the southeast

The Bugwood Network 
www.invasive.org
· hundreds of images of pests, weeds, invasives, and diseases. 

Distance Diagnostics through Digital Imaging (DDDI)

www.dddi.org/uga
· All of Plant Pathology’s samples get entered into the DDDI database by clinic staff. Although the system allows digital samples to be entered, the clinic also enters all physical samples received at our clinics. A history and a database of all samples submitted is created this way. 

· The ‘Free Text’ search can be used to find samples by diagnoses, county, agent submitted, plant name and more.

CAES Extension Publications

www.caes.uga.edu/publications
You can access any of the following publications by searching the CAES Extension Publications page. Type either the title or publication number in the search field “Numbered Publication.”

· Abiotic Injuries and Disorders of Turfgrasses in Georgia (B1258)

Alfredo Martinez, Lee Burpee, and Clint Waltz 

This article is very helpful in distinguishing between biotic (living) and abiotic (non-living) problems that occur on turf. There are numerous pictures and descriptions of the range of environmental problems that can occur on turf and a summary table at the end.  

· Cane Blight of Blackberry (C894)

Phil Brannen and Gerard Krewer 

This article discusses one of the major diseases of blackberry in the Southeast – cane blight. There are images of the disease on blackberry and the disease organism – Leptosphaeria coniothyrium. The article also includes management options. 

· Common Landscape Diseases in Georgia (B1238)

Alfredo Martinez and Jean Williams-Woodward 

Includes images and descriptions of common diseases in the landscape. 

· Common Tomato Diseases in Georgia (B1285)

Mila Pearce 

Discusses the 8 major diseases that occur on tomatoes here in Georgia. Images are included. 

· Disease Control in the Home Vegetable Garden (C862)

David Langston and Taft Eaker 

Discusses disease management in terms of sound cultural practices in the home vegetable garden (no images are included).  

· Dogwood Diseases and Problems (L36)

Ed Brown II and Kim Coder 

Discusses the most common diseases of Dogwoods, including images of the diseases. Also discusses cultural problems that can occur. 

· Fireblight: Symptoms, Causes, & Treatment (C871)

Alfredo Martinez and Mila Pearce 

A brief summary of the fireblight pathogen, Erwinia amylovora. This article includes disease management options. 

· Fusiform Rust on Pines (C440)

Ed Brown II and Kim Coder 

Discusses in detail this common disease on pines. Images are included (black and white). 

· Geranium Diseases (C863)

Alfredo Martinez and James Buck 

Discusses identification and control of the various diseases of geraniums in both landscape and indoor settings, includes some great images. 

· Guide for Interpreting Nematode Assay Results (C834) 

Discusses optimum time for sampling for nematodes for particular crops, interpreting assay results for particular crops, and various comments for each crop (includes management options, resistant varieties, and cultural options). 

· Guide to Turfgrass Fungicides (B1316)

Alfredo Martinez, Lee Burpee, and Tom Allen 

Discusses common turfgrass diseases and the chemical controls for them. 

· Key to Diseases of Oaks in the Landscape (B1286)

Mila Pearce and Jean Williams-Woodward 

Guide to identifying various diseases of oaks, includes color pictures of the various diseases and control options. 

· Key to Diseases of Pines in the Landscape (B1284)

Tom Allen, Jean Williams-Woodward, and Mila Pearce 

Guide to identifying various diseases (biotic and abiotic) of pines in the landscape, includes color pictures of the various diseases. 

· Pansy Diseases in the Landscape (B1281)

Mila Pearce 

Discusses five major diseases of pansies and management options for each, includes various color pictures of symptomatic plants. 

· Pesticide Safety for the Homeowner (L430)

Keith Delaplane 

Homeowner guide to pesticide safety. 

· Plant Susceptibility to Major Nematodes in Georgia (B904)

Discusses field crops and their susceptibility to particular nematodes and the different kinds of nematodes that are present in Georgia. 

· Rose Diseases in the Landscape (B1280)

Mila Pearce 

Describes the symptoms and management options for seven major diseases of rose. 

· Sanitation Measures for Limiting Diseases in the Home Orchard (C856)

Taft Eaker 

Describes common diseases seen in the home orchard and management options for each. 

· Simplified Fungal Identification Key. 

Jean Williams-Woodward 

http://www.plant.uga.edu/Extension/pubs/fungikey.pdf
This is a key designed to help identify common fungal pathogens based on their microscopic characteristics. 

· A Simplified Technique for Recovering Pythium and Phytophthora from Infected Plant Tissue (MP-104)

Jason Brock and Glenn Beard 

Describes how to make a quick and accurate diagnosis of the water molds (Pythium and Phytopthora), which are diseases of various plants in Georgia. 

· The Truth about Slime Molds, Spanish Moss, Lichens and Mistletoe (B999)

Mila Pearce 

Discusses general characteristics of each and management options. 

· Turfgrass Diseases in Georgia (B1233)

Alfredo Martinez, Mila Pearce, and Lee Burpee 
An extensive key for diagnosing various turfgrass diseases includes several color images of the symptomatic tissue and disease organisms. The article also discusses management tips for each disease.  

· Turfgrass Diseases: A Quick Reference Guide (C891)

Alfredo Martinez and Lee Burpee 
A fact sheet of the various turfgrass diseases and management options.

Print resources

· APS Compendia, available at www.apsnet.org

· GA Pest Management Handbook, a yearly edition is distributed to all county offices

· Pathogen specific books from www.apsnet.org or other booksellers

· Plant Pathology 5th edition. Agrios.
c. Sample collection

After you’ve communicated with your client about a potential plant disease problem, a sample will need to be collected for diagnosis.

This lesson will cover:

· Types of samples

· Site visit materials

· Site visit observations

· How and when to collect

Types of samples

The University of Georgia Plant Pathology Diagnostic Clinic receives and diagnoses the following types of samples at the following locations:

Athens


· Christmas trees

· commercial fruit and ornamentals

· forestry

· homeowner samples

· legume forages

· mushrooms

· turf and small grains

· urban ornamental landscapes

· wood rots

Tifton


· tobacco

· pecan

· cotton

· soybean

· peanut

· corn

· kenaf

· commercial vegetables 
Site visit materials

When you visit a site to collect a sample, be sure to take the following materials:

· Digital camera - to photograph disease symptoms

· Pocket knife/scalpel – for collection

· Ziploc bags – to store samples

· Magnifying/hand lens – to better investigate the problem

· Paper towels – to absorb moisture

· Shearers/pruners – for collection

· Possibly a box - for storing samples from bigger plants

Site visit observations

Information from the Homeowner IPM Plant Disease Clinic Form or Plant Disease Information Form must accompany all physical samples submitted for diagnosis. To obtain a copy of these forms, send a request to Holly Thornton at hthornto@uga.edu. 

[see: Plant Disease Clinic Form]

Being familiar with this form will help prepare you for your site visit observations. With this knowledge, observe the following:

· Proximity of adjacent plants

· Exposure (sun/shade/mixed)

· Drainage issues (from downspouts or air conditioning units or natural fall of land)

· General plant health

· Soil type & degree of compaction

· Site history (if known)

· Look for any sort of residues (from pesticides)

For homeowner samples (digital or physical): After you collect this information, you will use the Homeowner IPM Plant Disease Clinic Form to enter the sample into the online database, DDDI. Do not mail this form with the sample.
For physical commercial samples: The Plant Disease Information Form should be sent to the clinic with the disease specimen.

For digital commercial samples: Enter information from the Plant Disease Information Form into the online database, DDDI. Do not mail the form.
How and when to collect

For digital image samples:

Photos should be taken from a variety of perspectives. This means photographing the problematic plant in the landscape, the individual branch, and then possibly images on the dissecting and compound microscopes. Quality images that show the plant in the landscape and the specific problem on the plant will help the Plant Clinic diagnosticians better analyze the problem.

The next lesson, Sample Submission, will cover remote digital image submission.
For physical samples:

Based on the plant symptom, different kinds of specimens may be required. See the following directions by plant symptom:
· Wilting, Yellowing or general decline
If practical, it is best to send entire plant (leaves, stems, roots). Collect plants which have early disease symptoms. Dig up carefully. Do not pull up, many roots will be lost. 


· Twig and Branch Blights and Cankers
Select specimens which show recent infection. Include healthy tissues with diseased tissues. Do not include twigs, etc. which have been dead for several months. This type of material will not allow proper identification.


· Foliage Diseases
Select leaves which have early and recent infections. Marginal burning of leaves should be sent. Symptoms of this type usually indicate chemical injury or some type of root disorder (physiological, organic or chemical).


· Fruit and Fleshy Plant Organs
Diseases of these structures require special attention. Never select a specimen which is exhibiting advanced stages of decay or disease. Select fresh specimens which exhibit early symptoms.

After a specimen is collected, you should prepare it for shipping to the Plant Disease Clinic:

· Place diseased specimens in a plastic bag. 

· Do not add any moisture. 

· Place a DRY paper towel in the plastic bag with the specimen. This will absorb any excess moisture. 

· Fleshy fruit and vegetables should be wrapped separately.

· Paper towels are better wrappings, but brown paper and newspaper are good. 

· Keep all specimens cool. Place in refrigerator if needed 

· Do not allow specimens to become dried out and brittle. 

The next lesson, Sample Submission, will cover shipping directions for physical samples.


d. Sample Submission

Sample submission can be done by either remote or physical submission. Remote submission is done by submitting a digital image through a diagnostic website. If diagnosis can not be completed by this method, then a physical submission is typically requested.

This lesson will cover instructions for:

· Remote submission

· Physical submission

Remote submission

The Distance Diagnostics through Digital Imaging (DDDI) website allows submission of digital images to an extension specialist for diagnosis.

All homeowner samples must be entered into this system before the samples can be analyzed. This pertains to both physical and digital samples. In the case of physical samples, a form will need to be printed out from DDDI and included with the physical sample submission.

Only digital commercial samples need be entered into DDDI. Physical commercial samples will go directly to the clinic, without a DDDI entry. 

How to use the system

· Preview pictures that you have taken of the problem.

Always use the preview option in the DDDI system to review your images before submitting them. 

Do not send images that are hard to see or the diagnosis may simply be ‘unable to determine’.

· Submit pictures through DDDI 

· Log-in to the DDDI homepage at http://www.dddi.org/uga 

· Choose Plant Pathology 

· Choose the correct category

· Digital and Physical Plant Pathology Homeowner

· PTH Commercial Plant Disease Identification 

· Fill in the required information  

· Click ‘submit’  

· Click on the sample number generated to access the form 

· Print the form 
· If the entry is for a physical homeowner sample, send this DDDI form with the sample 
Fees

All digital homeowner samples are free of charge, but if the sample cannot be diagnosed, a physical sample will be requested and there will be a charge.
There is no charge for commercial samples.

Physical submission

How to submit
If there is a Plant Disease Clinic near you, you may want to contact them for assistance with your plant disease problem. Please follow the instructions for submitting samples carefully. The diagnosis of a sample that has been improperly collected, packed, and/or shipped and arrives in poor shape is very difficult.

Ship specimens Mondays, Tuesdays, Wednesdays. Samples shipped on Thursdays and Fridays usually require longer to reach the Plant Disease Clinic. This often results in complete decay or drying-out of the specimen which greatly hinders diagnosis. Place the prepared specimen in a mailing tube. If the specimen is too large, put it in an appropriate sized box. 

Fill out a Plant Disease Information Form (blue) for commercial samples or Homeowner IPM Plant Disease Clinic Form (yellow) for each specimen. Make this as complete as possible. The more information gathered, the better the diagnosis.

Remember, for physical homeowner samples, you will need to enter the information from the Homeowner IPM Plant Disease Clinic Form into the DDDI system. You will print out and mail a copy of the completed DDDI information with your sample, NOT the Homeowner IPM Plant Disease Clinic Form. 
Clinic Locations

Samples should be sent to the following locations based on sample type. Remember to ship samples so that they arrive early in the week during normal business hours. If a sample is received in the county agent office on a Thursday or Friday, place the sample in a refrigerator until Monday, when it can be shipped. Samples can be sent via regular mail, a delivery service such as FedEx or UPS, or by State Courier.

· Sample type: 

Christmas trees, commercial fruit and ornamentals, forestry, all homeowner samples, legume forages, mushrooms, commercial turf and small grains, urban ornamental landscapes, and wood rots 

Contact: 

Holly Thornton, 706-542-8987, hthornto@uga.edu 

Send samples to:

UGA - Plant Pathology

2106 Miller Plant Sciences Bldg.

Athens, GA 30602-7274

· Sample type: 

Nematode

Contact: 

Dr. Ganpati Jagdale, 706-542-9144, gbjagdal@uga.edu 
Send samples to:

UGA - Plant Pathology 

Nematode Laboratory

2350 College Station Road

Athens, GA 30602-4356

· Sample type: 

Tobacco, pecan, cotton, soybean, peanut, corn, kenaf, and commercial vegetables
Contact: 

Jason Brock, 229-386-7495, jbrock@uga.edu
Send samples to:

Tifton Plant Disease Clinic

Room 116

4604 Research Way 

Tifton, GA 31793

Fees

For homeowners: 

All physical samples have a $10 processing fee. There is no fee for digital homeowner samples.

Payment:
Checks or money orders should accompany the plant sample when shipped and be made payable to UGA Plant Diagnostic Clinic. 

Follow-up samples:
If a follow-up sample is requested, in addition to the sample previously sent, there will not be an additional charge. For example, if leaves are sent and the clinic is unable to determine the cause, a root sample may be requested as a follow-up.

For commercial clientele: 

Commercial samples (physical or digital) will not be charged. If a commercial landscaper submits a troubleshooting sample from a homeowner’s yard through a county office, there will be no processing fee.  
e. Interpreting sample diagnoses and recommendations

Interpreting sample diagnoses

Samples may be reviewed by different Extension specialists, depending on the type of sample submitted. Each specialist has his or her own style when it comes to the diagnosis and recommendation for a given plant sample. 

Most often one or two diagnoses are given. The specialist provides a recommendation based on the diagnosis and the extent of the damage reported and/or seen on the particular sample.

It is very important to remember that the plant sample submitted to the diagnostic clinic is usually a sub-sample of the entire field or problem. If the particular sample submitted is free of disease, this may or may not mean the entire plant or crop is free of disease. 

For instance, if a homeowner submits a branch from a tree and ‘no disease found on sample submitted’ or ‘no disease found at this time’ is reported, this does not mean the entire tree is not infected or injured. 

A diagnosis is based on the information given on the sample submission form and the plant sample submitted. If a poor sample is submitted, then the diagnosis is likely going to be less accurate. 

During peak sample times, diagnoses may take longer as there are only two diagnosticians for the entire state. Please relay this information to your client and request their patience.

If there are every any questions about a diagnosis or recommendation, direct those to the specialist who is responsible for that particular commodity. (see image 52)

Recommendations

Respond to your clientele in a timely manner. For commercial clients, respond as soon as possible. For homeowners, there may be more leeway in terms of turnaround time.

In order to provide a recommendation, a diagnosis is needed. 

For homeowners, recommend chemicals that are readily available in local stores. You may find it beneficial to go to the stores in your community or town that sell plant products and make a list of what chemicals are available for purchase. When a recommendation is provided, you can cross reference it with a chemical available locally. 

Most times, chemical recommendations are not necessary for homeowner disease problems and the problem can usually be corrected by various integrated pest management strategies. 

For commercial clients, a recommendation will be provided by the specialist familiar with the particular crop or commodity submitted.
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