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The enclosed reports are a compilation of the plant pathology experiments and projects 
conducted in Delaware during the 2011 growing season. The data presented in these reports 
are not to be used as disease control recommendations. Some of the pesticides tested are not 
currently labeled or available commercially. Contact your local Extension office for current 
information on disease control recommendations. 
 
Bob Mulrooney       Nancy Gregory  
Extension Plant Pathologist    Extension Plant Diagnostician 
148 Townsend Hall     151 Townsend Hall 
Newark, DE  19716-2170    Newark, DE  19716-2170 
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Management of Southern Root-Knot Nematodes in Lima Beans – 2011 
 
Investigators: R. Mulrooney, Extension Plant Pathologist, University of Delaware  

   J. Whalen, Extension IPM Specialist, University of Delaware 
   A. Taylor, Professor, Horticulture, NYSAES,Cornell University 

 
Objectives: 
 (1) To evaluate the effectiveness of Avicta as a seed treatment for the  control of southern 
root-knot nematode (Meloidogyne incognita) in processing baby lima beans.  
(2) To determine if the Avicta rate used on soybeans will provide effective control of southern 
root-knot nematodes in a lima bean system.  
 
Procedures: ‘C-elite’ lima beans were planted on June 15 in a section of a commercial lima 
bean field (sandy-loam soil) with a history of  high root-knot nematodes near Houston, DE . At 
planting each plot averaged approximately 85 J2 larvae of root-knot/ 250 cc soil. Randomized 
paired strip plots, four rows wide by 1000 foot long were planted on 30-inch centers and 
replicated seven times. The lima bean seed was treated with Avicta by Alan Taylor’s seed 
treatment laboratory at Cornell University.  Root ratings were taken at monthly intervals from 
early July through mid-September by examining the roots for damage in 3 ft of row sections (8-
12 plants) in 3 random locations per strip for a total of 24-36 plants rated per treatment. The 
root damage rating system used on July 7 was a modified system: 0 = no galls; 1= <5% of 
roots with galls; 2 = 5-10% of roots with galls; 3 = 11-20% of roots with galls; 4 = 21-30% of 
roots with galls and 5 = > 30% of roots with galls.  On Aug 4 and Sept 12, the Bridge and Page 
root knot rating chart was used: 0 = no knots on roots; 1 = few small knots, difficult to find; 2= 
small knots only, but clearly visible and main roots clean; 3= some larger knots visible, main 
roots clean; 4 = larger knots predominate but main roots clean; 5 = 50% root infested, knotting 
on parts of the main roots; 6= knotting on main roots; 7= majority of main roots knotted; 8 = all 
main roots knotted, few clean roots; 9= all roots severely knotted, plant starting to die; 10= all 
roots severely knotted, no root system, plant usually dead.   
 
 
Results:  
 
Due to the severe nematode damage to the roots, very few plants in the treated or untreated 
plots had pods with harvestable seed so no yield data was collected. Data was analyzed using 
an unpaired t-test (P=0.05).  
 

 
 

Treatment 

 
Rate 

Average Root Damage Rating 
July 7 Aug 4 Sept 12 

Avicta ST 0.15 mg  ai per 
seed 

0.91 5.54 8.61 

Untreated  ----  1.13 6.68 8.92 
     

P-value   0.49 0.24 0.22 
Significance  NS NS NS 
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Comments: In reviewing past data, trials on other crops have demonstrated that an Avicta 
seed treatment can provide early season suppression of root knot nematode.  Seed treatments 
for root knot nematode management would only be considered as part of a solution for 
nematode management and would not provide season long control. At the rate evaluated, the  
Avicta seed treatment did not provide control of the root knot population levels present in this 
field. Additional work is needed to determine if increased rates of seed-applied Avicta can 
control root-knot nematode on baby lima bean.  
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Field and Greenhouse Evaluation of Lima Bean Germplasm for Resistance to  
Phytophthora capsici, the Causal Agent of Lima Bean Pod Rot 

Evans, T.A1., E.G. Ernest2, and N.F. Gregory1. 1Department of Plant and Soil Sciences, University of 
Delaware, Newark, DE, 2Department of Plant and Soil Sciences,  

University of Delaware, Georgetown, DE 
 

Lima bean (Phaseolus lunatus L.) is an important processing vegetable crop in Delaware and the Mid-
Atlantic region. There are approximately 5,670 ha of lima beans planted in the state each year, making 
lima bean Delaware’s most widely planted vegetable crop. In recent years lima bean pod rot, caused by 
Phytophthora capsici, has increased in incidence and is becoming more important to lima bean growers 
and processors in the region.  
 
During the summers of 2010 and 2011, 31 distinct lines of lima bean were evaluated in the field for 
resistance to P. capsici. Plots were established at the University of Delaware’s Carvel Research and 
Education Center, Georgetown DE. Twenty seeds of each line were sown on 6 Jul and flowering began 
in the second week of September. Inoculum of P. capsici was produced in two ways. First, the surface of 
disinfested cucumbers were inoculated with agar plugs from a lima bean isolate of P. capsici and 
maintained under sterile conditions at approximately 72°F under natural, diffuse daylight on a laboratory 
bench. After 10-14 days, cucumbers were fully colonized with mycelium and produced an abundance of 
sporangia. The inoculum was prepared from these cucumbers by submerging them in 1 gallon of tap 
water for each 10 medium cucumbers, then crushing them manually. The suspension was then sieved to 
remove most plant material. Alternatively, inoculum was produced from an isolate of P. capsici from 
lima bean growing on V-8 juice agar or potato dextrose agar for up to 3 weeks. Plates were flooded with 
a small volume of sterile distilled water and gently scraped to remove sporangia and transferred to small 
misting bottles. Regardless of source of inoculum, pins and flat pods were sprayed to runoff using a 
backpack sprayer and plants were misted nightly using a low volume/low pressure misting system. Two 
lines have produced pods and showed no symptoms in both the 2010 and 2011 field screens. They are PI 
347826 a landrace collected in California, and PI 477041 a landrace collected in Arizona.  
 
During the winter of 2010/11, a greenhouse evaluation system for identifying lima bean lines with 
resistance to P. capsici was developed. Many lima bean lines are unable to produce flowers and pods in 
the field in Delaware under long days (more than 12 hours of daylight). This system included the use of 
a greenhouse room that has computer controlled blackout shades to establish growing environment of 12 
hours light and 12 hours dark. As the majority of the plants to be screened in the greenhouse were 
indeterminate and would be very tall, they were screened in a newly constructed mist chamber within 
this greenhouse room. The chamber included high intensity lighting and a timer controlled mist system 
to provide ideal conditions both for plant growth as well as capillary mats to provide sub-irrigation and 
high humidity in the chamber. In the winter of 2011 greenhouse grown plants of the lima bean cultivar 
Concentrated Fordhook were successfully infected in our greenhouse chamber using both sporangial 
spray and agar plugs of P. capsici.  
 
Nineteen lines of lima bean known to be photoperiodic and not capable of flowering and producing pods 
under long day conditions were screened in the greenhouse in winter 2011/12. On 15 Sept 2011 these 
lines were seeded into 12 inch pots in Promix and grown under 12 hour light and 12 hour dark 
conditions in a greenhouse at University of Delaware. After plants produced pods, they were transferred 
to the inoculation chambers for evaluation. Inoculum was produced from an isolate of P. capsici from 
lima bean growing on V-8 juice agar for up to 3 weeks. Plates were flooded with a small volume of 
sterile distilled water and gently scraped to remove sporangia and transferred to small misting bottles. 
Pins and flat pods were sprayed to runoff with inoculum and after inoculation plants were misted each 
hour for 4 minutes in an enclosed chamber. Plants were evaluated daily starting 5 days after inoculation 
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for signs of infection which includes the formation of mycelium and sporangia and symptoms which 
include reddening of the pods. Infections are confirmed by microscopic examination of scrapings from 
potentially infected pods for sporangia diagnostic of P. capsici.  
 
Two lines did not show symptoms after being inoculated twice: PI 256405, a landrace from El Salvador, 
and PI 362772, a landrace from Brazil.  These two PIs will be screened in the greenhouse in spring 2012 
to confirm resistance. PI 347826 and PI 477041, which were resistant in the field, will be screened in the 
greenhouse in spring 2012. These two lines have been crossed with susceptible cultivars to generate F2 
populations for field screening in 2012. 
 
Table 1. Field and greenhouse evaluation of lima bean germplasm for reaction to inoculation with 
Phytophthora capsici, 2010-2011. 
Line, PI # or 
Cultivar 

Source 
Location Screen1 Rxn2 

 Line, PI # or 
Cultivar 

Source 
Location Screen1 Rxn2 

PI 256814 Ecuador Field10/11 S  DE0407905 DE line Field11 S 
PI 256820 Ecuador Field10 S  DE0407906 DE line Field11 S 
PI 257419 Argentina Field10 S  DE0407907 DE line Field11 S 
PI 347777 CA, USA Field10 S  DE0505002A DE line Field11 S 
PI 347779 AZ, USA Field10 S  FH 242 US cultivar Field11 S 
PI 347781 AZ, USA Field10 S  C-elite Select US cultivar Field11 S 
PI 347786 AZ, USA Field10/11 S  PI 195339 Guatemala GH11 S 
PI 347787 AZ, USA Field10 S  PI 201478 Mexico GH11 S 
PI 347826 CA, USA Field10/11 NS  PI 241790 Peru GH11 S 
PI 440807 AZ, USA Field10 S  PI 256384 El Salvador GH11 S 
PI 440808 AZ, USA Field10 S  PI 256405 El Salvador GH11 NS 
PI 477041 AZ, USA Field10/11 NS  PI 256804 Colombia GH11 S 
PI 534918 NM, USA Field10 S  PI 256861 Peru GH11 S 
PI 549478 MI, USA Field10 S  PI 256890 Peru GH11 S 
PI 549484 LA, USA Field10 S  PI 256906 Peru GH11 S 
VA Butterbean DE,USA Field10 S  PI 260407 Peru GH11 S 
W6 17497 Argentina Field10 S  PI 260417 Bolivia GH11 S 
184-85 US cultivar Field10 S  PI 310620 Guatemala GH11 S 
Cypress US cultivar Field10 S  PI 362772 Brazil GH11 NS 
FH 10723 US cultivar Field10 S  PI 362801 Brazil GH11 S 
FH 90-1 US cultivar Field10 S  PI 362832 Brazil GH11 S 
DE0501801A DE line Field11 S  PI 363023 Brazil GH11 S 
DE0501805A DE line Field11 S  PI 363029 Brazil GH11 S 
DE0402701 DE line Field11 S  PI 195342 Guatemala GH11 S 
DE0407903 DE line Field11 S  PI 347781 USA GH11 S 
1GH=greenhouse 
2Reaction to P. capsici: S=susceptible, NS=no symptoms 
3FH=Fordhook 
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Root Knot Nematode Management Demonstration in Pickling Cucumbers 
 
 
Investigators: R. Mulrooney, Extension Plant Pathologist, University of Delaware  

   J. Whalen, Extension IPM Specialist, University of Delaware 
 
Objective: To evaluate the effectiveness of Avicta as a seed treatment for the control of 
southern root-knot nematode (Meloidogyne incognita) in processing cucumbers   
  
Procedures:  Demonstrations were established on two farms with a history of economically 
damaging levels of southern root knot nematode (Meloidogyne incognita) to evaluate the 
effectiveness of an Avicta 400 FS seed treatment for root knot nematode management. Seed 
was commercially treated with Avicta by the Syngenta Seed Care Group in Minnesota with 
Avicta 400 FS at a rate of 0.6 mg ai/seed, plus the following fungicides Apron XL(7.5 g ai/100 
kg seed), Maxim 4FS ( 2.5 g ai/100 kg seed) and Dynasty 100FS (2.5 g ai/100 kg seed). At the 
Hurlock, MD location, large treated (2.5 acre) and untreated (2.5 acre) non-replicated blocks 
were planted.  At the Lincoln, DE location, a four acre treated block and a one acre non treated 
block were planted. Roots were rated twice for galling from root knot nematodes, 
approximately 3 weeks after planting and within a week of harvest. At Location # 1 , ten 3 ft 
sections of row were randomly selected in the treated  and untreated  blocks (approximately a 
total of 90 plants observed in each treatment), At Location #2,  each large treatment block was 
sampled by randomly sampling four 3 ft. sections of row (approximately 36 plants were 
observed in each treatment). No yield data was obtained.   
 
Results:  
 
(I) Location # 1 - near Lincoln, DE  
Planting Date: May 20, 2011 
Variety: ‘Expedition’  

 
Treatment  

Stand Counts 
Plants per 3 ft. of row 

Plant Height ( inches)*  Nematode Damage 
Rating  

June 1 June 6 June 15 June 28 June 15** June 28*** 
Avicta ST 9.32 9.39 3.15 21.76 3.92 4.35 
Untreated 8.50 9.23 2.99 16.10 4.05 4.86 

*Plant height was measured from the cotyledonary node to the node of the last fully expanded 
leaf. 
** Modified root damage rating system: 1-5: 1=0 galls present, 2=few galls present, 3= 10% of 
roots with galls, 4= 25% of the roots with galls, 5= >50% or more of the roots with galls. 
*** The Bridge and Page root knot rating chart was used: 0 = no knots on roots; 1 = few small 
knots, difficult to find; 2= small knots only, but clearly visible and main roots clean; 3= some 
larger knots visible, main roots clean; 4 = larger knots predominate but main roots clean; 5 = 
50% root infested, knotting on parts of the  main roots; 6= knotting on main roots; 7= majority 
of main roots knotted; 8 = all main roots knotted, few clean roots; 9= all roots severely knotted, 
plant starting to die; 10= all roots severely knotted, no root system, plant usually dead 
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(II) Location # 2 - near Hurlock, MD  
Planting Date: May 26, 2011 
Variety:  ‘Expedition’ 

 
Treatment  

Stand Count per 
 3 ft of row  

June 17  

June 6  Plant Height* 
(inches)  

Nematode Damage 
Rating**  

Avicta ST 10.2 4.45 3.68 
Main Field  

(Vydate – foliar 
treatment 2 weeks 

after planting)  

 
 

9.5 

 
 

4.06 

 
 

4.34 

Untreated 9.7 4.06 1.40 
 

 
Treatment  

July 1  
Plant Height* 

(inches) 
Nematode Damage 

Rating***  
Avicta ST 29.22 3.09 

Avicta ST plus 
Vydate – foliar 
treatment late   29.86 

 
 

3.00 
*Plant height was measured from the cotyledonary node to the node of the last fully expanded 
leaf. 
** Modified root damage rating system: 1-5: 1=0 galls present, 2=few galls present, 3= 10% of 
roots with galls, 4= 25% of the roots with galls, 5= >50% or more of the roots with galls. 
*** The Bridge and Page root knot rating chart was used: 0 = no knots on roots; 1 = few small 
knots, difficult to find; 2= small knots only, but clearly visible and main roots clean; 3= some 
larger knots visible, main roots clean; 4 = larger knots predominate but main roots clean; 5 = 
50% root infested, knotting on parts of the  main roots; 6= knotting on main roots; 7= majority 
of main roots knotted; 8 = all main roots knotted, few clean roots; 9= all roots severely knotted, 
plant starting to die; 10= all roots severely knotted, no root system, plant usually dead 
 
Comments: Overall, there was no observable difference between the Avicta treatment and the 
untreated control. In reviewing past data, trials on other crops have demonstrated that an 
Avicta seed treatment can provide early season suppression of root knot nematode.  Seed 
treatments for root knot nematode management would only be considered as part of a solution 
for nematode management and would not provide season long control. Since the crop is 
mature in approximately 6 weeks or less depending on temperatures, root knot damage was 
not severe on these cucumbers at the first sampling but at the second sampling there were 
large galls and many of the roots were galled. There was enough galling to see visible 
reductions in plant growth at both sampling dates. Additional studies with Avicta as a seed 
treatment for root knot nematode management are needed in the Mid-Atlantic.  
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2011 ipmPIPE Downy Mildew on Cucurbits Project 

 
Delaware component:  Bob Mulrooney, Extension Plant Pathologist 

Emmalea Ernest, Extension Associate, Vegetables 
Nancy Gregory, Diagnostician  
UD Cooperative Extension 
Dept of Plant and Soil Sciences 
University of Delaware  

 
 OTHER COOPERATORS (alphabetically by state/province): 
Alabama: Ed Sikora 
Delaware: Bob Mulrooney 
Florida: Amanda Gevens 
Georgia: David Langston 
Illinois: Mohammed Babadoost 
Indiana: Dan Egel 
Kentucky: Kenny Seebold 
Louisiana: Don Ferrin 
Maryland: Kate Everts 
Massachusetts: Rob Wick 
Michigan: Mary Hausbeck 
Mississippi: David Ingram 

New Jersey: Andy Wyendant 
New York: Meg McGrath 
North Carolina: Gerald Holmes 
Ohio: Sally Miller 
Oklahoma: John Damicone 
Ontario: Elaine Roddy 
Pennsylvania: Beth Gugino 
South Carolina: Anthony Keinath 
Tennessee: Steve Bost 
Texas: Tom Isakeit 
Virginia: Steve Rideout 
Wisconsin: Alyson Thornton 

 
Project Objective 
Our primary objective is to document when and where cucurbit downy mildew occurs.  Our secondary 
objective is to determine which hosts are infected by the downy mildew fungus and at what level of 
severity. 
 
Pathotype Determination 
Objective: To determine which cucurbit hosts are infected and to pinpoint the time of infection on these 
hosts. 
 
Methods: 
 Seed of nine or six cucurbit differentials were sown (Table1-2) into peat pots with soil-less 
potting mix in early June to produce 15 good transplants per differential. Transplants were set in the 
field in late June when plants had 2 true leaves. Plants were spaced 2 ft apart within rows and rows were 
spaced 10 ft apart. The plots were established on black plastic mulch with drip irrigation at the 
Experimental Station Farm in Newark, and at the Carvel REC near Georgetown in early June. 
 
Results: 
 Newark Sentinel Plot: 
  7/8- ‘Straight Eight’ cucumber; 8/12-Cantaloupe ‘Hales Best Jumbo’; 8/17- bottle gourd; 
8/26 -giant pumpkin  
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Georgetown Sentinel Plot 
  7/12- Cucumber; 8/29 acorn squash 
 
Downy mildew was first detected in a commercial pickling cucumber field on July 4th in Kent county. 
 
 
Table 1. Cucurbits for ipmPIPE sentinel plots 2011. Newark 

No. Species Cultivar name Common name Description 

1 Cucumis sativus ‘Straight Eight’ 
Slicing 
cucumber 

DM 
sensitive 

2 Cucumis melo 

 
‘Hales Best 
Jumbo’ Cantaloupe  

3 Cucurbita pepo ‘Honey Bear’ Acorn squash  

4 Cucurbita maxima 
‘Prizewinner’ 
‘Big Max’ 

 
Giant pumpkin  

5 Cucurbita pepo ‘Chucky’ 
Small pie 
pumpkin  

6 Cucurbita pepo ‘Slick Pik’ 
Yellow 
summer squash  

7 Cucurbita moschata 
 
‘Metro’ Butternut squash 

PM 
resistant 

8 Citrullus lanatus ‘Micky Lee’ Watermelon 
Round, 
seeded 

9 Lagenaria siceraria  Bottle gourd  
 
 
Table 2. Cucurbits for ipmPIPE sentinel plots 2011. Georgetown REC 

No. Species Cultivar name Common name Description 

1 Cucumis sativus ‘Straight Eight’ 
Slicing 
cucumber 

DM 
sensitive 

2 Cucumis melo 

 
‘Hales Best 
Jumbo’ Cantaloupe  

3 Cucurbita pepo ‘Table Queen’ Acorn squash  

4 Cucurbita maxima 
 
‘Big Max’ 

 
Giant pumpkin  

5 Cucurbita moschata 

 
‘Waltham 
Butternut’ Butternut squash  

6 Citrullus lanatus ‘Micky Lee’ Watermelon 
Round, 
seeded 

 
 
 
 
 



 
 

Basil Downy Mildew Monitoring Program- 2011 
 
 

Robert P Mulrooney, Extension Plant Pathologist 
Nancy F. Gregory, Extension Plant Diagnostician 

 
 
Introduction 

Downy mildew of basil is a new, destructive disease that is expected to occur 
routinely in the USA as it has been doing in Europe since first occurrence. Downy 
mildew was reported as severe at many farms in the northeast USA in 2008, the first 
year it was observed in this region. Growers generally did not realize their basil had a 
disease because the most noticeable symptom on affected plants was yellowing, which 
was assumed to be the result of a nutritional problem.  

With basil downy mildew now established in Florida, a monitoring program was 
started in 2009 and has continued yearly to determine whether this pathogen can move 
northward through the eastern USA as can occur with the cucurbit downy mildew 
pathogen, and whether a monitoring program can assist growers to be prepared for 
downy mildew occurrence in their basil crop. The success of this activity depends on 
reports from anyone growing basil. 
 
2011 Results 

In 2011 a formal monitoring activity was conducted as an add-on to the ipmPIPE 
cucurbit downy mildew monitoring program (http://cdm.ipmpipe.org). For the cucurbit 
downy mildew program, sentinel plots with various cucurbit crop types are grown 
throughout the eastern USA, from FL and TX to NY and WI, and routinely examined for 
symptoms of downy mildew. Basil was grown at many of the sentinel plots in 2011 
including Delaware. 

Two monitoring sites were established in Delaware in 2011, one at the Carvel 
Research and Education Center near Georgetown, DE in Sussex County and the other 
on the Newark Experimental Station Farm in New Castle County. Basil transplants 
(Ocimum basilicum ‘Martina Genovese’) were grown in the greenhouse in Newark and 
15 plants were planted at the two sites in early June. The plants were monitored weekly 
for the presence of downy mildew. Downy mildew was never detected at the Sussex 
County site, but detected in Newark on September 12, 2011. Typical small black lesions 
were observed on the upper side of the infected leaves and the sparse mycelial growth 
with sporangia and sporangiophores were observed with the dissecting microscope. 

http://cdm.ipmpipe.org/


 
 

Evaluation of Rhabdocline Disease Resistant Douglas Fir Cultivars 
 
Delaware Specialty Block Grant Program 2011 Report 
 
H. James Landis, Delaware Christmas Tree Growers’ Association 
Nancy F. Gregory, University of Delaware Cooperative Extension 
Brian A. Kunkel, University of Delaware Cooperative Extension 

 
During the Fall of 2010, sources were contacted to determine the availability of Douglas Fir 
Trees needed for the project, specifically, balled and burlapped trees  approximately 5’ in 
height and from the seed  sources of Lincoln National Forest, Deep Mountain, and Shuswap 
Lake, BC.  An order of 105 trees of each seed source was given with delivery to be the last 
week in April of 2011.  Confirmation as to test sites, tree pricing, delivery dates, and work with 
the University of Delaware Cooperative Extension cooperators  on a planting plan was 
accomplished during the late Winter and early Spring of 2011. 

 
 We wanted to plant the same number of each seed source tree at each test site but one site 
could not hold a total of 105 trees, but only 84 trees.  We reduced our tree order accordingly.  
Trees of all three cultivars were delivered to our drop off point in New Castle County, DE (one 
of the test site farms) on April 26 and 27, 2011.  Unloading three tractor trailer loads of 84 trees 
each with only three persons was laborious. For transport, the weight of each tree was higher 
than anticipated and it was deemed too difficult for a contractor to handle.  Subsequently 1/3 of 
each seed source of tree cultivars was transported by utility trailers to our test site farms in 
Kent and Sussex Counties, DE.  A skid steer loader with auger, loading forks, and 
transportation trailer was rented and immediately put to use planting the trees at each test site.  
By the end of the first week in May all of the trees were in the ground and placed in 
accordance with our planting plan and our planting plot goals for the first year had been met. 
We could not have accomplished this initial phase of our project without the help of the sons of 
two of the project participants and the help of two of our DCTGA members (one who is hosting 
the New Castle County test site). 
 
One of our initial goals was to ascertain that the test trees we purchased were healthy.  On 
May 20, 2011, University of Delaware Cooperative Extension personnel visited each farm with 
an entomologist and a plant pathologist, and examined the trees.  No disease symptoms were 
observed, although establishment stress was evident on some trees. Subsequent to that visit 
we developed a rating plan in accordance with the project’s Measurable Outcomes, and trees 
were individually numbered with metal tags. The trees were again examined by this UD 
Cooperative Extension team, plus the Nursery Inspector from the Delaware Department of 
Agriculture, on October 11, 2011.  As of that date the New Castle County test site had 
recorded one (1) dead tree and six (6) trees were on a watch list; the Kent County test site had 
seven (7) dead trees and four (4) trees on a watch list; the Sussex County test site had two(2) 
dead trees and two (2) on the watch list.  It is thought that transplant stress and drought 
conditions in Sussex and Kent Counties during the summer of 2011, and the number of times 
the trees had to be handled when transported and planted may have contributed to the number 
of dead trees. The New Castle County site was not subject to these same matters, but some 
transplant stress had occurred. 
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  To date we are on schedule and initial goals have been met.  We look forward to further 
inspections from the University of Delaware team during 2012, in the Spring and Fall.  It will 
most likely take several years to see what our outcome will be but we are well satisfied with 
our start for the project. 
 
FUTURE PROJECT PLANS: 
 
The reduction in the number of experimental trees from 315, to 252 should not adversely affect 
the project.  There will still be an adequate number of trees from all of the sites for the 
experimental plan.  Most of the costs for trees and freight were up front, and the investigative 
mode will result in a much smaller financial impact.  Participating farms will be absorbing all of 
the tree maintenance costs as we move forward. 
 
Over the next two years, the trees at the test sites will be inspected by University of Delaware 
Cooperative Extension professionals for signs of Rhabdocline needlecast and insect pests.  
Trees will be examined at least two (2) times each year for evidence of disease.  The grower at 
each test site will continually monitor his trees and look for any unexpected developments.  
Should further investigation be needed our professionals will respond.  All trees have been 
evaluated from the initial planting through the Fall of 2011.  We do have ten (10) dead trees, 
but not from disease; twelve (12) trees are on a watch list, but we are not sure if their condition 
is relevant to our study.  Rhabdocline needlecast is a disease of mature trees, and symptoms 
will show on second year needles if present. 
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2011 Delaware Plant Diagnostic Clinic Report 
Department of Plant and Soil Sciences 

University of Delaware 
 

Nancy F. Gregory, Plant Diagnostician 
Bob Mulrooney, Extension Plant Pathologist 

Brian A. Kunkel, Ornamentals IPM Specialist 
 

 
 The Plant Diagnostic Clinic at the University of Delaware is housed in the Department of Plant 
and Soil Sciences, and is located in Townsend Hall, Room 151.  The clinic serves the public through 
Delaware Cooperative Extension, directly serving commercial growers, nurserymen, landscapers, 
gardens, and private homeowners.  Samples also are received through the county offices, from 
Extension specialists, and the Master Gardener Program. The clinic is the National Plant Diagnostic 
Network (NPDN) laboratory for Delaware.  The lab is also the plant pathology laboratory for the 
Delaware Department of Agriculture, USDA/APHIS CAPS diagnostics and the ipmPIPE lab for 
Delaware.  The clinic operates with one full-time staff, the Plant Diagnostician, cooperating with the 
Extension Plant Pathologist and the Ornamentals IPM Specialist in Entomology, and a part-time student 
employee.  

 During 2011, the Plant Diagnostic Clinic processed nearly 800 non-survey samples. There were 
744 routine clinic samples processed, which included several from Delaware Department of Agriculture 
that were possible Phytophthora ramorum trace forward samples.  Other samples were diagnosed in 
field situations, and not brought in for analysis.  Phone inquiries and email requests for information 
concerning plant problems numbered around 30, in addition to physical specimens submitted to the lab.  
Soil samples for nematode assays were also processed in the lab, but are not included in this report. 
  

Excessive rainfall alternating with dry periods in 2010 contributed to plant stress, favored 
pathogens on many hosts, and affected establishment of new plantings. Wet weather patterns continued 
in early 2011, followed by dry conditions during May and June. Drought stress became an issue for 
many agronomic crops and landscape plantings, especially in Sussex County.  Rains became prevalent 
in August through the end of the year, with many locations in the state having 10 inches more rainfall 
for the year than normal. Rainfall totals were compiled as follows: 

 
DEOS Summary 2011 – Rainfall in inches  -  Normal for Delaware is 40 inches 
Newark         2011 Total  
April  July  August  October December  
4.74  1.56  14.23  3.43  4.68  50.40 
    24 days w/ rain 
Dover  
April  July  August  October December  
3.53  3.44  15.87  3.09  5.11  50.15 
    14 days w/rain 
Georgetown 
April  July  August  October December 
2.67  2.50  9.61  2.29  1.78                39.26  
    21 days w/rain 
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Seaford 
April  July  August  October December        
3.49  1.57  12.05  3.15  2.17               47.79 
    23 days w/rain 
 
 
 Of the 744 routine samples received, the majority were from within Delaware (82%).  
Others were received from Maryland, New Jersey, Pennsylvania, and Virginia, totaling 134 samples, or 
18% from out of state.  The majority of samples were physical samples received (99%), although several 
were digital images only.  Maryland received several samples from Delaware, which were turfgrass 
samples from golf courses. 

 
There were many different diagnoses, from different crop areas.  The crop sources for those 

were, in order of predominance: Ornamentals, Field Crops, Fruit, Vegetables, Insect ID. Christmas trees, 
and Turf.  Other categories included Mold/Fungal ID, Groundcovers, and Forage.  The diagnosis 
categories ranked in incidence as follows: 
 
  Environmental/Physiological              

Fungal Diseases    
  Bacterial Diseases       
  Viral Diseases      
  Nematodes        
  Insect (Damage and ID’s)     
  Plant/Weed ID       
  Fungal ID             
      
 Percentages were not determined due to many specimens having more than one diagnosis.  For 
example, insect damage and fungal dieback were common on physiologically stressed trees. These 
numbers show that physiological and environmental causes are primary or play a role in 26.6 % of 
samples received.  This diagnosis, when communicated, can save growers and landscapers money and 
time when they avoid unnecessary spray treatments. The top specific diagnoses were physiological, 
environmental stress, root rot, anthracnose, and crown rot. 
   
 Two USDA quarantine pests were detected.  Japanese apple rust caused by Gymnosporangium 
yamadae was confirmed in the telial stage on Juniperus chinensis as well as in the aecial stage on 
crabapple and domestic apple in New Castle County. After having been first confirmed in Delaware in 
2009, the pathogen is still under review by the USDA/APHIS New Pest Advisory Group. Overall, G. 
yamadae appears to be rather well established in Delaware.  Japanese cedar longhorned beetle was 
identified by Bartlett Tree in NC, from arborvitae in New Castle County.  Two rhododendron samples 
collected by DE Department of Agriculture as part of a trace forward for P. ramorum tested negative in 
ELISA. 
 

New reports for the year 2011 included soybean vein necrosis (SVNV), a new thrips vectored 
virus disease of soybean, causing diffuse leaf spots that eventually follow the veins and result in necrosis 
of the leaves.  It was widespread throughout the state.  The virus was confirmed by PCR testing done by 
Ioannis Tzanetakis and other researchers working on this virus at the University of Arkansas.  
Macrophomina crown rot on Virginia mallow (Kosteletzkya virginica) was found to be the cause of 
decline and later confirmed by Koch’s postulates in the greenhouse.  Center rot of onion caused by 
Pantoea was identified.  Anthracnose caused by Gnomonia spp. was identified on American beech. Pear 
scab caused by Fusicladium pirini was found on fruit and foliage of callery pear. Gymnosporangium 
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rust on leaves of callery pear, tentatively identified as Gymnosporangium sabinae, was also later 
detected and confirmed in 2011 in Connecticut.  Leaf rust caused by Uromyces triquestrus was 
identified on Golden St. John’s Wort (Hypericum frondosum ‘Sunburst’).  Sclerotinia sclerotiorum was 
found causing a crown rot on Nemesia, as well as Cercospora leaf spot on ‘Encore’ azalea and sweet bay 
magnolia, Septoria leaf spot on Viburnum, and Fusarium root rot on hosta and clematis.  Fig wax scale 
(Ceroplastes sp.) was identified on ornamental fig trees that had been purchased from a retail outlet. 
  

Soybean sudden death syndrome caused by Fusarium virguliforme was confirmed in Sussex 
County in early August and in Kent County in early September.  In the late season, the leaf spot caused 
by SVNV was prevalent. Stem blight due to charcoal rot, Phomopsis pod and stem blight, and 
anthracnose was extensive.  Some harvested soybeans of very poor quality were found to be infested 
with Phomopsis, Cercospora, and Colletotrichum.  Full-season Group 2 and Group 3 early season 
varieties have been noted to have seed quality issues in seasons with heavy rainfall following flowering.  
If plants senesce and remain in the field a while before being harvested, saprophytes also move in.  
Foliage diseases such as Septoria brown spot, downy mildew, bacterial blight, Alternaria leaf spot, 
Phyllosticta leaf spot, frogeye leaf spot and Cercospora blight were seen on soybean during the season 
but were not yield-limiting. Root knot nematodes were observed on two soybean samples from Sussex 
County. 
 

Weather conditions in the spring of 2011 were favorable for seedling diseases in row crops and 
vegetables.  Cold wet weather in March and April resulted in some damping off.  Pythium root rot in 
combination with Fusarium and various bacteria symptomatic as a mesocotyl rot of corn seedlings that 
was observed numerous times.  Bacterial stalk rot on corn was confirmed.  Wheat and barley viruses 
(wheat spindle streak and wheat soil-borne mosaic) were not observed as often as in previous years. 
There were some fields with low incidence of leaf rust on corn, northern corn leaf blight (NCLB), gray 
leaf spot on corn, and scald on barley.  There were a few samples of head scab on wheat and barley.  
There was some Aspergillus ear rot in corn, along with other less serious ear rots, most likely due to wet 
weather. Stalk rots caused by Fusarium and Diplodia were diagnosed on corn late in the season, along 
with quite a bit of anthracnose stalk rot and some Macrophomina charcoal rot in stalks.   

 
Pythium, Fusarium, and Phytophthora from crown, root and stem rots were cultured from 

tomato, snap bean, spinach and squash.  Pythium stem and root rot was also diagnosed on a number of 
annual bedding plants.  Bacterial pith necrosis of tomato was diagnosed for the third year in a row.  
Bacterial leaf spot or blight was confirmed on lettuce, tomato and pepper.  Late blight was found on one 
potato sample in June of 2011 in Delaware. Fortunately the weather was not conducive for spread and 
there was no further disease development.  Downy mildew on cucumber appeared in early August, but 
was not seen on other cucurbits. Phytophthora crown rot and fruit rot was problematic on pumpkin.  
There was confirmation of bacterial fruit blotch caused by Acidovorax on watermelon in August. Early 
reports of shipments of infected watermelon seedlings fortunately did not lead to widespread disease in 
watermelon fields.  Downy mildew was found on lima beans and pole limas, in a year when the high 
temperatures caused poor flowering and pod set.  Overall, the wet weather made vegetables more 
susceptible to many diseases. 
 
 Notable diseases on fruit included blackberry Puccinia and orange rusts, downy mildew and 
Phomopsis twig and cane dieback on grape, Monilinia blight on peach twigs and fruit, and peach leaf 
curl.  There was quite a bit on winter damage on blueberry, many of which were newly establishing 
plants. Strawberry plants were diagnosed with a leaf blight caused by Gnomonia sp., Fusarium crown rot 
and bacterial leaf spots. Fire blight was severe on pear, most likely due to a carry-over from the wet 
weather infections in previous years.  Cedar-quince rust was found on apple and crabapple, as well as 
ornamentals such as serviceberry (Amelanchior). 
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Evergreen ornamentals suffered tip and twig dieback, often found in association with 

environmental stress or on newly established plantings. Cause of dieback was difficult to accurately 
diagnose, but Phomopsis and Pestalotiopsis were among the pathogens found.  Seiridium canker 
continues to affect Leyland cypress, as over-crowded trees mature. Herbicide damage appeared in June 
on evergreens in close proximity to lawn areas that had been treated with a new herbicide, Imprelis, 
which was later pulled from the market as the label was reviewed.  Symptoms included curling and 
dieback of terminal shoots, especially of white pine. Phytophthora root rot was diagnosed on inkberry 
holly, Douglas fir, rhododendron and white pine, in areas with poor drainage.  Dothistroma needle blight 
was found on Austrian and loblolly pine and Rhizosphaera needle cast was diagnosed on white spruce.  
Douglas fir was affected by Rhabdocline and Swiss needle cast. Pinewood nematode, causing pine wilt 
was confirmed on Japanese black pine from Sussex County. 

 
Anthracnose caused by Gnomonia sp. was noticeable on American beech in the spring, and 

apparently had affected leaves just as they began to expand under wet conditions. Fire blight was 
prevalent on flowering pear, and continued to show up as brown terminals late into the fall.  Bacterial 
shoot blight was also prevalent on lilac and willow. Anthracnose was prevalent on susceptible London 
planetree, American sycamore, and maple.  Monilinia blight on Japanese flowering quince continued to 
cause dieback of twigs and caused blossom and twig blight on Kwanzan cherry.    
 

Other ornamental pathogens of note included Fusarium wilt on chrysanthemum, and a bacterial 
leaf spot on ginkgo, presumable due to a Pseudomonas.  Entomosporium leaf spot was found on Indian 
hawthorn (Raphiolepis).  Late season Septoria leaf spots were common on numerous hosts including 
Lamium, white birch and Rudbeckia, while Cercospora was found on hydrangea and Mandevilla.   
Powdery mildew (Erysiphe sp.) was identified on Heuchera.  Bacterial leaf scorch was noticeable in the 
landscape on northern red oak and pin oak.  
 
The UD Plant Diagnostic Clinic gratefully acknowledges the following University of Delaware 
colleagues who assisted with diagnoses and identifications as Advisory Consultants for samples in 
2011:  Entomology and Applied Ecology Dept., Joanne Whalen, and Charles Bartlett; Plant and Soil 
Science Dept, Tom Pizzolato, John Frett, Caroline Golt, and Richard Taylor.  
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Nematode Assay Service 2011 Report 
Cooperative Extension Service 

Department of Plant and Soil Science  
University of Delaware 

 
Bob Mulrooney, Extension Plant Pathologist 

Nancy Gregory, Extension Plant Diagnostician 
 

 The Nematode Assay Service (NAS) at the University is housed in the 
Department of Plant and Soil Sciences, and is located in Room 151 Townsend Hall. The 
NAS provides nematode identification and enumeration for soil and plant samples 
submitted by consultants, growers, researchers, and the gardening public. The NAS 
provides this service to residents of Delaware and the surrounding states. In the spring 
of 2011 the University of Maryland lab in College Park and the Penn State facility 
located in Biglerville, PA no longer performed nematode analyses due to retirements. 
Delaware agreed to receive soil samples from clients that utilized those labs. The clinic 
operates with two staff, the Extension Plant Pathologist and the Plant Diagnostician, 
who prepares samples for reading and does soybean cyst egg counts. Currently the fee 
structure is $10.00 for either a full larvae screen or soybean cyst nematode (SCN) egg 
count for both in-state and out-of-state clients. 
 In addition to our regular soil and root extractions of nematodes, we screen for 
foliar nematode, and pinewood nematode using extractions from suspect plant parts. 
 In 2011, the NAS processed 484 for fee samples submitted for analysis. Two 
hundred twenty-six (226) or 46.5% of the samples submitted were from Maryland, 
Pennsylvania, New York, and Virginia.  There were 38 research samples processed that 
were part of the vegetable programs soil health initiative and nematode screening for 
several Extension research projects. This was a total of 522 samples processed, which 
is an all time high record. Several soil or plant samples came in through the Diagnostic 
Clinic routine sample queue with damaging levels of plant parasitic nematodes, 
including pinewood nematode (1), soybean cyst nematode (2) and root knot nematode 
(3), including two on soybean. 
 
 Of these 484 for fee samples submitted for analysis, the crop sources for these 
were: 
   

Field crops     337   69.6 % 
  Fruit         93    19.1 % 
  Vegetables       20     4.1%  
  Ornamentals       19     3.9% 
  Unknown (no crop listed)       8     1.7% 
 

One hundred twenty-one (121) or 25% of the samples had nematode levels that 
were determined to require some control measure.   
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Nematode species detected in numbers that required control were the soybean 
cyst nematode, Hederodera glycines; southern root knot nematode, Meloidogyne 
incognita; lesion nematode, Pratylenchus penetrans; dagger nematode, Xiphinema sp., 
spiral nematode Helicotylenchus sp., and stunt nematode, Tylenchorhynchus sp. Root 
knot nematodes continue to be detected causing stunting and yield loss on  soybeans, 
lima beans, cucurbit crops and field corn. Almost ten percent (10%) of the field crop and 
vegetable samples had above-threshold numbers of root-knot. This is more than has 
been seen in the NAS to date. One sample from Dorchester county Maryland had a 
very low population of sting nematode, Belonolaimus longicaudatus.  Dagger 
nematodes (Xiphinema sp.) were found at damaging levels in several samples that 
were to be planted to wine grapes. Final reports were saved in an Excel file that could 
be saved on the computer, and printed or e-mailed to the submitter.  Control 
recommendations and fact sheets when appropriate, were included with the report to 
the submitter.  
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Potato Disease Advisory Report -2011 
 
 

Bob Mulrooney, Extension Plant Pathologist 
Joanne Whalen, Extension IPM Specialist 

 
 The Potato Disease Advisory is a weekly or twice weekly email and fax sent to 
selected clientele that are potato producers, Extension professionals or in allied 
industries. This advisory was initiated in 1995 as part of a larger effort to inform growers 
and others on the late blight epidemic that occurred elsewhere in 1994 and prevent its 
occurrence in DE. It has continued every year since that time since late blight is still a 
threat to the Delaware potato industry if we have favorable weather for the disease and 
growers have late blight in their seed lots. Initially 100 contacts were maintained but 
there are fewer now since the potato industry is not as large as it once was.  
 The Potato Disease Advisory Report tabulates disease severity values used for 
predicting late blight if the fungus is present and is used by the growers to help make 
fungicide applications in a timely manner. The Advisory utilizes the WISDOM software 
program developed at the University of Wisconsin to predict late blight and early blight. 
Additional comments are included on other disease issues pertinent to the time of 
season and what is being seen in the field by Extension personnel and commercial 
scouts and fieldmen. The Advisory is in effect from mid-May through mid-August 
depending on the season. 
 In 2011, nineteen Potato Disease Advisories were sent to clients from mid-May 
through August. The information is also disseminated weekly via Weekly Crop Update. 
Late blight was detected in DE in potato but not in tomato. The outbreak in potato was 
small and quickly brought under control. Weather conditions following the detection 
were not favorable for continued development and with the appropriate fungicide 
controls applied no spread was detected. 
 A sample report follows : 



 
 

Potato Disease Advisory #12 
June30, 2011 

Cooperative Extension System 
University of Delaware 

Bob Mulrooney, Extension Plant Pathologist 
University of Delaware 

Late blight Advisory 
Location: Art and Keith Wicks Farm, Rt 9, Little Creek, Kent 

County. 
 Greenrow: May 3 

 

 
Continue to scout fields for symptoms of late blight. Conditions will continue to favor 

early blight. We have surpassed the 300 P-day threshold for initiating early blight sprays.  
Late Blight was reported this week in DE, on the eastern shore VA, and Long Island, New 
York. The weather conditions have been favorable the past few days but the hot weather 
forecasted for this weekend should help reduce the threat. The Delaware find near Leipsic in 
Kent County was a small area at the end of a field next to woods and under power lines that 
obstructed the aerial application of fungicide applied to the whole field. Late blight specific 
fungicide has been applied.  

For specific fungicide recommendations, see the 2011 Delaware Commercial Vegetable 
Production Recommendations Book. 

 
 

Date Late Blight Early Blight Spray Interval 
Recommendation 

DSV Total DSV Accumulated 
P-days* 

6/13 0 66 301 7-days 

6/13- 6/15 0 66 318 7-days 

6/16 1 67 328 7-days 

6/17 0 67 336 7-days 

6/18- 6/19 0 67 352 10-days 

6/20- 6/22 1 68 377 10-days 

6/23 1 69 383 10-days 

6/24-6/26 0 69 407 10-days 

6/27 1 70 416 10-days 

6/28 1 71 424 10-days 

6/29 0 71 432 10-days 
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Delaware and the National Plant Diagnostic Network 2010-2011 
 

Nancy F Gregory, Plant Diagnostician 
University of Delaware Cooperative Extension 

 
Impact Nugget:   

 
The establishment of the National Plant Diagnostic Network (NPDN) has greatly 

enhanced U.S. agricultural security through diagnostic programs.  Delaware has 
become better prepared for detecting new pests and pathogens, and providing a rapid 
response. 
 
Background, Mission, and Delaware’s Role: 
  

In 2002, the National Plant Diagnostic Network was established within USDA 
CSREES (now NIFA).  Worldwide damage from invasive pests and pathogens exceeds 
$100 billion annually. The mission of the NPDN is to enhance national agricultural 
security by quickly and accurately detecting high priority pests and pathogens. Specific 
objectives include i) national communications, ii) upgrading lab infrastructure, iii) training 
in standard protocols for diagnosticians, iv) training “First Detectors”, and v) database 
analysis to detect unusual outbreaks.  The Network is composed of diagnostic facilities 
at Land Grant Universities in 50 states, some territories and state labs. 
 
Delaware Accomplishments and Impacts 2010-2011: 

 
1. Over 750 samples were processed in 2011.  All data was uploaded to the 

National Repository, maintained at CERIS at Purdue.  
2. Training sessions were attended at the Penn State University Diagnostician 

Workshop, as well as a Botryosphaeria Workshop and a Nematology Workshop, 
and several webinars.  Information sharing was achieved through meetings and 
conference calls.  Nancy attended the 3rd National Meeting of the NPDN, 
representing Delaware.  Nancy serves as Chairman of the National Database 
Program Area Committee, which received an award for Team Service at the 
National Meeting. 

3. Over 130 First Detectors have been trained for the state of Delaware, with 53 
newly trained in 2011 as a part of Master Gardener Training. 

4. Cooperation between Delaware Department of Agriculture, USDA/APHIS PPQ 
and University of Delaware plant pathologists has increased.  Delaware wheat 
tested free of karnal bunt, important for unrestricted trade.  A new leafspot of 
soybean was identified as soybean vein necrosis. A pest alert was issued and 
information placed in the NPDN National Newsletter. Other states then were able 
to follow Delaware’s lead to confirm soybean vein necrosis virus. 

5. Communication Efforts include web site updates, pest alerts, presentations, 
posters, and public education efforts such as news articles, and an updated 
brochure for the UD Plant Diagnostic Clinic. 
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USDA/APHIS CAPS FY2011 
 

Delaware Karnal Bunt of Wheat Survey 
Final Report 

 
Cooperator:   University of Delaware 
State:   Delaware 
Project:  Karnal Bunt of Wheat Survey, July 2011 
 
 Project Coordinator: 

  
GREGORY, N.F., Department of Plant and Soil Sciences, University of 
Delaware, Newark, DE, 19716-2170, phone: 302-831-1390 or 302-831-2548; 
FAX: 302-831-0605, ngregory@udel.edu  

            

Introduction 

Karnal bunt is a fungal disease of wheat and triticale (a hybrid of wheat and rye). 
The disease is caused by the fungus Tilletia indica Mitra. Typically, only a portion 
of the wheat kernel is affected, hence the disease is also called partial bunt. The 
disease is most severe when the weather is cool and wet at the time the wheat is 
heading out.  The first discovery of Karnal bunt in the United States was in 
Arizona in March, 1996. Additionally, limited wheat growing areas of California, 
New Mexico, and Texas were regulated because of association with Karnal bunt 
infected seed or grain produced in the infested areas in Arizona.  In succeeding 
years in the regulated areas, Karnal bunt was found at low levels, but not found 
in national surveys of other wheat growing counties in the United States.  In the 
harvest season of 2001, wheat fields in additional Texas counties were found to 
be infested.  Regulatory quarantines were further imposed to protect US wheat 
export markets.  Karnal bunt has minimal effect on quality and yield of wheat. 
The disease can be managed by use of clean seed, seed treatment and 
appropriate agricultural practices. The processing of grain used for consumption 
often kills Tilletia spores and grain used for consumption is not a risk for the 
spread of Karnal bunt.  A survey and laboratory examination of Delaware 
harvested grain was done to detect any possible infestation with Tilletia, and 
support the ability of Delaware to grow and ship grain. 

 

 

 

mailto:ngregory@udel.edu
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Methods and Results: 

 
Wheat grain harvested in all three counties of Delaware was sampled for the 
presence of Karnal bunt between June 20 and July 30, of 2011.  The protocol for 
wheat grown for grain in Delaware called for an examination of the grain for 
bunted kernels.  Five samples representative of all three Delaware counties were 
collected by the staff of the Delaware Department of Agriculture at the grain mills, 
comprising a composite of all wheat from Delaware growers.  Processing of 
samples within Delaware was done by the University of Delaware Plant 
Diagnostician in Newark, according to the protocol found in the most recent 
APHIS-PPQ Karnal Bunt Survey Procedures Manual.  The protocol included 
handling of samples in a reception area, followed by analysis in a lab under clean 
conditions.  One 500 ml aliquot of grain from each 4 pound sample was 
examined using a stereomicroscope for the presence of bunted kernels.  No 
kernels were found that appeared bunted.  There were low levels of scab caused 
by Gibberella zeae (Fusarium graminearum), ranging from <1 to 3 % in samples.  
No samples were sent to the USDA/APHIS PPQ National Identifier (Mary Palm) 
in Beltsville.  All results were recorded and the State Survey Coordinator entered 
data into NAPIS database.  All material was disposed of as per project 
guidelines. 
 
No Tilletia indica infected kernels were observed in any of the samples, 
microscopic observation data as follows: 
 
DE-101- Sample DE-N-011-03-101 – Gavilon LLC, Townsend, New Castle 
County – no Karnal bunt, 1% scab, < 1% black point. 

 
DE-102- Sample DE-K-011-03-102 – Mountaire Farms, Harrington, Kent County 
– no Karnal bunt, 1% scab, < 1% black point, very clean 
 
DE-103-Sample DE-S-011-03-103 – Perdue Grain, Seaford, Sussex County – no 
Karnal bunt, 1% scab, < 1% black point 
 
DE-104- Sample DE-S-011-03-104 – Mountaire Farms, Millsboro, Sussex 
County  – no Karnal bunt, 1% scab, < 1% black point, very clean 
 
DE-105- Sample DE-S-011-03-105 – Perdue Grain, Bridgeville, Sussex County - 
no Karnal bunt, 3% scab, <1% black point 
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