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EXECUTIVE SUMMARY   
Tomato is the most significant vegetable crop in the southern U.S totaling more than 1.34 billion dollars in 
farm gate value.  Much of the production takes place in the state of Florida.  In Florida, bacterial spot and 
wilt are responsible for many of the losses in fresh market tomato production. Based on a needs-assessment 
survey for tomato IPM carried out by multidisciplinary IPM teams from seven states in the southeastern U.S., 
bacterial spot of tomato was identified as a major problem by more than 66.7 % of the respondents from 
Florida and South Carolina. Bacterial speck has also been reported to cause serious losses in KY, NC, SC 
and TN. Bacterial spot, incited by several species will be referred to in this proposal for convenience as 
Xanthomonas campestris pv. vesicatoria.  The bacterium consists of three races and is a major problem 
during periods of high temperature and moisture. Bacterial speck, incited by Pseudomonas syringae pv. 
syringae, can be a devastating disease when cool temperatures and moisture are present.  Inducers of 
systemic acquired resistance (SAR) have been shown to significantly reduce bacterial diseases in tomato, but 
using current application practices, yield reductions have been observed.  In this research project, we will use 
several strategies to develop integrated management of two important bacterial diseases: bacterial speck, and 
bacterial spot of field grown fresh market tomatoes in the southeastern US.  The objectives of this proposal 
are: (1) to optimize integrated management of bacterial speck and bacterial spot with SAR inducers which 
have limited effects on plant yield by: (a) identifying resistant lines to determine if reduced rates of Actigard 
can be applied to enhance disease control without affecting yield in field experiments; (b) comparing the 
effects of modified application strategies of the SAR inducer, Actigard, in combination with bacteriophages; 
(2) to evaluate Kasugamycin (Arvesta Corporation) for Management of Bacterial Spot and Bacterial Speck 
by: (a) screening isolates of Xcv and Pst for sensitivity to Kasugamycin in vitro; and (b) evaluating efficacy 
of Kasugamycin applications for management of bacterial spot and bacterial speck in greenhouse and field 
trials.; and (3) to combine the best management strategies in objectives 1 and 2 for bacterial spot and 
bacterial speck in field experiments. 



RESPONSE TO PREVIOUS REVIEW 

Southern Regional IPM Grants Program, FY2005 

Feedback from Review Panels 

Project Title: "Integrated management of bacterial speck, bacterial spot and bacterial wilt on 
tomato" 

Relevance review: The relevance panel used the 3-page relevance statement submitted with the 
proposal. As outlined in the RFA, this panel scored three on three criteria. Each was weighted at 
10 points out of the 30 points included in the relevance review.

On “Issue addressed is identified as important by stakeholders”, your relevance statement 
scored lower than average.

On “Issue addressed is important to two or more states/territories”, your relevance 
statement scored lower than average.

On “Issue addressed is important to the region”, your relevance statement scored lower 
than average.

Overall relevance rating for your proposal was lower than average
Comments: The relevance statement did not adequately explain how the project meets 
relevance criteria. 

We have addressed all of these issues in the relevance statement as to the importance to the 
stakeholders, the importance to two or more states and the importance to the region.  We have 
included more support letters from stakeholders as to the importance of this research. 

Technical Review: The following are comments provided by the primary and secondary 
reviewers of your proposal. In some cases I may have undertaken minor editing, but not in such a 
way as to lose content from the reviewers. 

This is an excellent IPM proposal, very well supported by preliminary data, well written, 
and with high potential for implementation by indoor and outdoor growers of tomatoes in 
the southeast of the United States, as well as worldwide. Objectives are well described 
and experiments are well designed. Feasibility seems high. The project will evaluate 
some novel but fundamental approaches to developing effective strategies for managing 
bacterial diseases of tomatoes. PIs are some of the best in the world on conducting 
research on these pathosystems. Some of critiques are: timeline for research is not 
clarified; too much work is outlined for the budget and time frame (24 months) – this 
research will likely need longer period of time for accomplishment; in addition to studies 
in the pounds, weed hosts of the R. solanacearum could also be determined by artificial 
inoculation in the controlled environment (complementary studies); seed inoculation with 
X. campestris pv. vesicatoria race T2 and P. syringae pv. tomato race 0 in the greenhouse 
may not result in plants with bacterial spot or bacterial speck, although these pathogens 
are seed-borne; treating irrigation water with chlorine may result in plant injuries.



PROJECT DESCRIPTION 
Problem, Background and Justification 

a. The Problem and Justification 
In the southeastern U.S., fresh-market tomato production accounts for over 50% of harvested 
acres and 63% of yield nationally (Davis et al., 1998). In 2004, 126,400 acres of tomatoes were 
harvested in the U.S. for the fresh market industry, representing 1.34 billion dollars (National 
Agricultural Statistics Service, http://www.usda.gov/nass/). However, tomato yield and quality 
are threatened by bacterial diseases for which effective control measures are limited. Bauske et 
al. (1996) identified bacterial spot of tomato, incited by Xanthomonas campestris pv. vesicatoria,
and bacterial speck of tomato, incited by Pseudomonas syringae pv. tomato, as major production 
problems in the southeastern United States. Bacterial spot is a major problem in Florida where 
high temperatures and moisture conditions prevail during the growing season. In the past few 
years, this pathogen has also become a significant problem in North Carolina, where it has been 
identified throughout all tomato production areas of the state (Kelly Ivors and Frank Louws, 
unpublished data). Bacterial speck may also cause serious losses in KY, NC, SC and TN. In the 
spring 2005, bacterial speck caused significant problems on tomatoes in Florida.  Both bacterial 
spot and bacterial speck are persistent problems in Midwestern tomato production areas as well 
(Miller et al., 1996). The Florida Tomato Committee and North Florida Tomato Growers have 
prioritized bacterial spot as a high priority research area (see Appendix III). 

Bacterial spot causes frequent and severe yield and quality losses in fresh-market and 
processing tomato production due to defoliation and spotting of fruit (Pohronezny and Volin, 
1983; Pernezny et al., 1996). In Florida, the disease is endemic (Jones et al., 1986) and is caused 
primarily by X. campestris pv. vesicatoria (Xcv) races T1 and T3 (Jones et al., 1995; Jones et al.,
1998). In North Carolina, a new race of bacterial spot, race T4, was responsible for a lot of the 
atypical leaf blighting observed during 2005. Although bacterial spot is typically a major 
problem in Florida as well as parts of the Midwest, the pathogen has not been known to cause 
significant damage to tomatoes in North Carolina until recently. Because this is a relatively new 
problem in this region, symptoms of this disease were often confused with bacterial speck, hence 
misdiagnosis of the disease was quite common. Growers apply copper plus mancozeb at least 
twice weekly in an attempt to control this disease. However, the disease is not controlled when 
environmental conditions are optimal for disease development (Jones et al,. 1991b; Marco and 
Stall, 1983). Furthermore, control is hampered in part by the presence of copper-tolerant strains 
and the endemic nature of the pathogen in some locations (Ritchie and Dittapongpitch, 1991; 
Stall et al., 1986). Antibiotics such as streptomycin have been ineffective for many years as a 
result of the development of resistant strains (Thayer and Stall, 1961).

Bacterial speck of tomato and the causal agent were originally described and identified in 
the U.S. in 1933 (Bryan, 1933). Bacterial speck has emerged as an economically significant 
disease in the mountains of North Carolina. Until recently the disease was of minor concern, 
however an increase in reports of the disease has been observed during the past two decades. The 
disease is now one of the most persistent bacterial disease problems found in the tomato growing 
regions of North America (Goode and Sasser, 1980). Disseminated primarily by water, the 
pathogen has the ability to move quickly through the field during moist conditions with low 
temperatures (Smitley and McCarter, 1982). A previous study from fields surveyed in 1999 in 
North Carolina reported foliar disease incidence ranging from 0 to 25% (Louws and Shoemaker, 
2000). Typical lesions incited by P. syringae pv. tomato (Pst) on tomato leaflets are small, brown 



to black necrotic spots. Spots can lack a chlorotic halo in the early stages of infection, but usually 
develop halos with time. Stems, petioles, peduncles, pedicels, and sepals can also develop spots. 
Spots may coalesce, killing large areas of tissue. Pst is also known to produce coronatine, a 
chlorosis inducing, non-host specific phytotoxin that functions as an important virulence factor 
(Wiebe and Campbell, 1993). Yield reductions result from reduced photosynthetic capacity of 
infected foliage and from lesions on fruit that render them unsuitable for the fresh market. 
Bacterial speck control is also limited to due to copper and streptomycin resistance, persistence 
in soil-associated debris for long periods of time and lack of widely-deployed and fully effective 
host resistance (Miller et al., 1996; Louws et al., 2001). There are currently two known races (0, 
1) of Pst.

Several alternative disease management strategies have been shown to have efficacy 
against certain bacterial pathogens. Among these, the use of bacteriophages (Flaherty et al. 2000; 
Appendix I, Tables 1-3), bacterial antagonists (Wilson et al., 2002) and the plant activator, 
acibenzolar-S-methyl (Actigard; Syngenta Crop Protection, Greensboro, NC) (Louws et al.,
2001), are most promising. Another alternative method for bacterial disease control is to treat 
plants with plant growth promoting rhizobacteria (PGPRs) in the root zone to activate a systemic 
resistance response to bacterial infections. This method has been useful in reducing bacterial 
speck on tomato (Wilson et al., 1996). Experiments in the bacterial spot-tomato system have not 
shown much promise (Appendix I, Fig 1). However, we have observed enhanced activation of 
SAR towards Xcv T1 and T3 strains in two genotypes which were selected for resistance to T2 
(Appendix I, Fig. 2 and Fig. 3).

In field studies where Actigard was applied, bacterial spot disease severity was 
significantly reduced in fresh-market and processing tomatoes without significant yield 
responses (Louws et al. 2001). In another study conducted in Florida and supported by S-IPM 
funding, Actigard effectively reduced disease without significantly improving yields (Obradovic 
et al., 2004). In greenhouse studies applications of Actigard stimulated defense responses as 
manifested by development of necrotic lesions on leaves which in further tests were confirmed to 
result from a hypersensitive response (Appendix I, Fig. 4, Table 3). Given that Actigard 
applications activate strong defense responses, further research is needed on application rates and 
timing to reduce negative effects on yield responses. 

Bacteriophages, have significant potential as biocontrol agents for controlling bacterial 
diseases pathogens. As early as 1926 (Moore, 1926), phages were used to control Stewart’s 
disease in corn (Thomas, 1935). Civerolo and Kiel (1969) reduced bacterial spot disease of peach 
seedlings by phage applications caused by Xanthomonas pruni. However, phages were 
abandoned due to the emergence of bacterial mutants resistant to the phages. An approach that 
uses a mixture of bacteriophages was developed to overcome problems experienced in the past 
(Jackson, 1989). We tested mixtures of bacteriophages for control of the bacterial spot disease on 
tomato on overhead irrigated tomato transplants and observed that irrigation water containing 
bacteriophages specific to the bacterial spot pathogen reduced disease incidence compared to a 
copper bactericide (Somodi et al., 1997). Furthermore, in several field studies, bacterial spot 
severity was significantly reduced on phage-treated plants compared to those receiving copper-
mancozeb or the control (Flaherty et al., 2000; Obradovic et al., 2004), while yield was also 
significantly improved. 

Many field studies have demonstrated that microbial pesticides, more specifically virus 
species are inactivated by exposure to high temperature, alkaline, acid pH, sunlight and rain/dew 
(Ignoffo, 1992). The most destructive environmental factor is the ultraviolet-A and ultraviolet-B 



spectrum (280-400 nm) of sunlight (Ignoffo and Garcia, 1994). Additionally, most 
bacteriophages are sensitive to desiccation. As a result of previous funding from S-IPM, 
formulated bacteriophages significantly enhanced longevity of phages under greenhouse and 
field conditions resulting in greater efficacy against the bacterial spot pathogen (Balogh et al., 
2003, Obradovic et al., 2004). Several formulations have been identified that enhance 
bacteriophage longevity on leaf surfaces in the greenhouse (Balogh et al., 2003). Two 
formulations, 0.5% casecrete (a casein product) and 0.5% sucrose, and 0.25% pregelatinized 
corn flour (PCF) and 0.5% sucrose significantly extended the phage activity on the leaf surface 
compared to the nonformulated treatment. In field tests, all formulations except the non-
formulated phage significantly reduced disease severity attributed to bacterial spot compared to 
the control (Balogh et al., 2003). All bacteriophage treatments were significantly better than the 
standard copper-mancozeb treatment.  We determined that the timing of phage application 
affects efficacy (Balogh et al. 2003).  Furthermore, we observed that phage applications made in 
the mid-morning (10 AM) resulted in a drastic reduction in phage populations on the leaf surface 
within hours (Appendix I). Phage populations were maintained at significantly higher levels 
when applied as formulated phage as compared as non-formulated phage (Iriarte, Balogh, 
Momol and Jones, unpublished and Appendix, Fig. 5 ). 

Although streptomycin resistance has been documented in Xcv populations, there are 
other experimental antibiotic bactericides that have shown activity against this pathogen. 
Kasugamycin, currently manufactured by Arvesta Corporation, is used in South America for 
managing bacterial pathogens on fruit trees. Efficacy studies with Kasugamycin in Georgia this 
past year on bacterial spot of pepper, also caused by Xcv, showed that this antibiotic was 
effective at controlling this pathogen in greenhouse studies (Dr. David Langston, University of 
Georgia, Tifton). Although this compound is still in the experimental stage, the Arvesta 
Corporation is working on the development of Kasugamycin as a systemic 
bacteriocide/fungicide due to promising data collected from various field and toxicological 
studies.

Host resistance to pathogens is a critical component of integrated disease management 
systems. Varieties and genotypes with resistance to bacterial spot have been developed in the 
University of Florida breeding program, and are in various stages of development in North 
Carolina. Some tomato varieties carry the Pto gene for resistance to race 0 of the bacterial speck 
pathogen (Kozik 2002). Resistance to the bacterial spot pathogen is quite extensive (Jones et al.,
1995; Scott and Jones, 1986; Scott et al., 1995a; Scott et al., 1997). Several different commercial 
varieties showed variable levels of tolerance to bacterial spot during the 2005 growing season in 
North Carolina.  Furthermore, a transgenic tomato genotype has been developed that contains the 
Bs2 resistance gene, which confers resistance against all known Xanthomonas strains that attack 
tomato (Tai et al., 1999). Further complicating the use of plant-derived resistance to control 
bacterial spot is the fact that  Xcv composes a very heterogeneous group of strains (Bouzar et al.,
1994).

The natural protection of plants against pathogens when expressed systemically in tissues 
remote from the initial treatment is termed systemic acquired resistance (SAR). SAR is active 
against a broad range of pathogens, including fungi, bacteria, and viruses. Researchers in 
Auburn, eastern Canada, North Carolina, Florida, and Ohio, observed that Actigard reduced the 
incidence and severity of bacterial spot of tomato (Louws et al., 2001). Romero and Ritchie 
(2004) observed that Actigard effectively delayed race changes and may increase the durability 
of genotype-specific resistance. Therefore, deployment of varieties with moderate to high levels 



of resistance to bacterial diseases coupled with the use of SAR inducers may increase durability 
of these resistances. SAR inducers in tomato show significant promise for future disease 
management. Practices that help reduce disease pressure, such as the use of resistant cultivars, 
play an important part in limiting the development of resistance in pathogen populations and 
should always be used in conjunction with an effective management program. 

Recently, as part of S-IPM funding, we have initiated an intensive study focusing on an 
integrated approach for controlling bacterial spot (Jones, Momol and Olson) (Appendix II). 
Several greenhouse experiments were conducted and included the use of various combinations of 
bacterial biocontrol agents (antagonistic and PGPR strains), bacteriophages specific to the target 
bacterium (race T3 strain of Xcv), and compounds that induce systemic acquired resistance 
(SAR) in the plant. Antagonistic and PGPR strains did not reduce disease severity attributed to 
the bacterial spot pathogen (Appendix I, Fig. 1, Table 1). 

In this proposed project we plan to expand the use of these newly available tools to 
include multiple races of the bacterial spot pathogen and the bacterial speck pathogen. The main 
purpose of this project is to evaluate new and/or alternative bacterial disease management 
approaches and to integrate the most promising ones into comprehensive, environmentally and 
economically viable strategies to manage these two major tomato bacterial diseases. Results 
derived from the proposed studies will be used to help design a multi-faceted IPM system for 
controlling these important bacterial diseases of tomato in the southeastern United States. 

As a result of reducing initial inoculum and minimizing the susceptibility of existing 
varieties of tomato through the environmentally friendly management strategies developed in 
this project, IPM will be readily accepted by the tomato industry. Due to the destructive nature of 
these diseases, growers sometimes panic at the prospect of serious loss and apply copper 
bactericides judiciously for foliar bacterial diseases. Some of the proposed tactics in this project 
will help to reduce such wasteful use of pesticides. Potential users of this research are farmers, 
consultants, IPM providers and agricultural extension personnel in the southeastern US. This 
mission oriented project supports the long-range goal of improving the sustainability of U.S. 
agriculture by reducing high risk chemical use through environmentally reduced-risk tactics. 

b. Objectives 
1. To Optimize Integrated Management of Bacterial Spot and Bacterial Speck with the SAR 

inducer, Actigard, which has Limited Effects on Plant Yield by: 
a. Identifing resistant lines to determine if they respond to PGPRs and if lower rates of 

Actigard can be applied to enhance disease control without affecting yield in field 
experiments. 

b. Comparing the effects of modified application strategies of the SAR inducer 
(Actigard) in combination with bacteriophage applications. 

2. To Evaluate Kasugamycin (Arvesta Corporation) for Management of Bacterial Spot and 
Bacterial Speck by:  

  a. Screening isolates of Xcv and Pst for sensitivity to Kasugamycin in vitro.
  b. Evaluating efficacy of Kasugamycin applications for management of bacterial spot 

and bacterial speck in greenhouse and field trials.

3. To Combine the Best Management Strategies in Objectives 1 and 2 for Bacterial Spot and 
Bacterial Speck in Field Experiments. 



c. Approach and Procedures 
Objective 1: Integrated Management of Bacterial Spot and Bacterial Speck. Since SAR inducers 
appear to have limited effects on plant yield, we will: 

a. Identify resistant lines to determine if they respond to PGPRs and if lower rates of 
Actigard can be applied to enhance disease control without affecting yield in field 
experiments. 
In greenhouse studies, seeds from Bonny Best, a susceptible genotype and tomato genotypes, 
PI 114490 and 684490 (the latter is derived from crosses between PI 1684 and PI 114490 
developed by R. E. Stall and J. B. Jones) with high levels of resistance to Xcv race T2 and 
moderate levels of resistance to Xcv races T1 and T3 derived from crosses made with 
PI114490 (Scott et al., 2003), and experimental plum tomato hybrids selected for moderate 
levels of resistance to Xcv race T4 and others selected for moderate levels of resistance to Pst
by Dr. Randy Gardner (NCSU, Fletcher, NC) will be infested with either bacterial 
suspensions (108 CFU/ml) of the PGPRs (strains 89-B61 and SE34) in sterile saline (0.85% 
sodium chloride) or with sterile saline alone as a control. Seedlings will be grown to the four-
leaf stage and then treated a second time with the PGPRs. One week after the second 
application of the PGPR suspension, the plants will be inoculated with the pathogens. In 
separate experiments, plants will be inoculated with strains of Xcv race T1, T3 or T4 or the 
bacterial speck pathogen, placed in polyethylene bags and then placed in a growth chamber 
at 21C or 28 C for 36 hr. The plants will be returned to the greenhouse bench. Disease 
severity will be assessed approximately 21 days after inoculation. Experiments with Xcv
races T1 and T3 will be conducted in Florida, while similar experiments with Xcv race T4 
and Pst races 0 and 1 will be conducted in North Carolina. 

The tomato genotypes will also be tested for activity with reduced rates of Actigard.  
Seed will be planted in 10-cm pots containing a soilless medium. Seedlings will be grown to 
the four-leaf stage and then treated with Actigard.  Actigard will be applied at 1x, 1/2x and 
1/10x label rate. Applications will be made two weeks and again 4 days prior to inoculation. 
The plants will be inoculated with strains of Xcv races T1, T3 or T4 and placed in 
polyethylene bags in a growth chamber and incubated at 28 C for 36 hr. The plants will be 
returned to the greenhouse bench. Disease severity will be assessed approximately 14 to 21 
days after inoculation. 

b. Compare the effect of modified application strategies of SAR inducer (Actigard) and 
PGPRs (SE34 and 89-B61) in combination with bacteriophages. 
In greenhouse studies, seeds from tomato genotypes with high levels of resistance to bacterial 
spot and bacterial speck identified in objective 1a that respond to low levels of Actigard will 
be planted in 10-cm pots containing a soilless medium. Actigard will be applied at 1x, ½x 
and 1/10x label rate. Applications will be made two weeks and again 4 days prior to 
inoculation. For treatment with PGPRs (strains 89-B61 and SE34), seeds from tomato 
genotypes with moderate levels of resistance to Xcv races T1, T3 or T4 will be infested with 
either a suspension (108 CFU/ml) of the PGPRs in sterile saline (0.85% sodium chloride) or 
with sterile saline solution. Seedlings will be grown to the four-leaf stage and then treated a 
second time with the PGPRs one week prior to inoculation. The bacteriophage will be 
applied immediately prior to inoculation. The plants will be inoculated with Xcv races T1, T3 
or T4, or the bacterial speck pathogen, placed in a polyethylene bag and then set in a growth 



chamber at 21 C for bacterial speck or at 28 C for bacterial spot for 36 hr. The plants will be 
returned to the greenhouse bench. Disease severity will be assessed approximately 21 days 
after inoculation. In an attempt to determine any interactions between treatments for 
controlling Xcv races T1, T3 or T4 and Pst, greenhouse experiments will include the 
following treatments: 

Greenhouse experiment with select genotypes 
Treatment PGPR treatment Foliar treatment .
1 Nothing Copper/Mancozeb 
2-6 Saline Nothing, bacteriophage or Actigard (1/x,1/2x or 1/10x) 
7-9 Saline bacteriophage + Actigard (1/x,1/2x or 1/10x) 
10-14 89-B61 Nothing, bacteriophage or Actigard (1/x,1/2x or 1/10x) 
15-17 89-B61 bacteriophage + Actigard (1/x,1/2x or 1/10x) 
18-22 SE34 Nothing, bacteriophage or Actigard (1/x,1/2x or 1/10x) 
23-25 SE34 bacteriophage + Actigard (1/x,1/2x or 1/10x) 

Objective 2. Evaluation of Kasugamycin for Management of Bacterial Spot and Bacterial Speck 
will involve: 

a. Screening isolates of Xcv and Pst for sensitivity to Kasugamycin in vitro.
Strains of Xcv races T1, T3, and T4 and Pst will be characterized with in vitro studies 
involving colony growth on media amended with and without different amounts of 
Kasugamycin, and compared with.growth rates on unamended media, and media amended 
with Streptomycin to determine if Streptomycin resistant isolates are also resistant to 
Kasugamycin. 

b. Evaluating efficacy of Kasugamycin applications for management of bacterial spot and 
bacterial speck in greenhouse and field trials.
 In greenhouse trials, seeds from susceptible tomato genotypes will be planted in 10-cm 
pots containing a soilless medium. Seedlings will be grown to the four-leaf stage and then 
treated with various rates of Kasugamycin immediately prior to inoculation. The plants will 
be inoculated with Xcv races T1, T3 or T4, or the bacterial speck pathogen, placed in a 
polyethylene bag for 36 hr and then set in a growth chamber at 21C for bacterial speck or at 
28C for bacterial spot. The plants will be returned to the greenhouse bench. Disease severity 
will be assessed approximately 21 days after inoculation. 
 In field trials, transplants of susceptible tomato genotypes will be planted in a randomized 
complete block design with 4 replications. Plots will contain 5 plants each with rows in 5 ft 
centers and 2 ft between plants. All plots will be separated by an untreated plot on each side 
and have a 6 ft fallow section on ends. Treatment and buffer rows will be inoculated with 
local strains of Xcv race T4 and Pst in North Carolina in mid July, and with local strains of 
Xcv T1 and T3 in Florida in August.  Sprays to provide complete plant coverage will be 
applied biweekly beginning at 15 gal/acre when plants are small and increasing by 20 
gal/acre biweekly to a maximum 75 gal/acre at full plant growth. Disease assessments for 
bacterial spot and bacterial speck will be made weekly, and treatment plots will be harvested 
for yield comparisons.



Objective 3. Combine the best management strategies in objectives 1 and 2 for bacterial spot and 
bacterial speck in field experiments. 

In Florida: For treatment with PGPRs, seeds from tomato genotypes with moderate levels 
of resistance to Xcv races T1 and T3 will be infested with either suspensions (108 CFU/ml) of 
the PGPRs in sterile saline (0.85% sodium chloride) or with sterile saline solution. Seedlings will 
be grown to the four-leaf stage and then treated a second time with the PGPRs. One seedling in 
the center of each tray will be inoculated by infiltrating a leaflet with a suspension (108 CFU/ml) 
of the bacterial spot pathogen race T3. Prior to transplanting the plants will be inoculated with 
strains of Xcv races T1 and T3 in the fall and strains of the bacterial speck pathogen in the spring. 
The foliar treatments will be applied in the greenhouse as follows: bacteriophage will be applied 
in every irrigation; SAR compounds will be applied at 1x, ½x and 1/10x label rate once per week 
beginning in the greenhouse (Actigard will be applied a total of six times and then replaced by 
copper-mancozeb). When the transplants are set in the field in a randomized complete block 
design, the bacteriophage applications will be applied twice per week immediately before sunset. 
The SAR compounds will be applied once per week and the standard copper/mancozeb treatment 
will be applied every 4-5 days. In order to compare the effects of the treatments on disease 
control, disease ratings will be made by assessing percent defoliation at several time periods and 
then the area under the disease progress curve (AUDPC) will be calculated.

In North Carolina: Seeds from tomato breeding lines identified in objective 1a with 
resistance to Xcv race T4 will be planted in seedling trays in soilless potting mix and grown in 
the greenhouse. Similar field trials as noted above will also be established in North Carolina with 
Xcv race T4 (trial1) and Pst races 0 + 2 (trial 2). Trials will be established in the spring. 

COOPERATION AND INSTITUTIONAL UNITS INVOLVED 
The units taking part in the project are the University of Florida (UFL) Departments of 

Plant Pathology, Horticultural Sciences, North Florida Research and Education Center (NFREC), 
and the Cooperative Extension Service; and North Carolina State University (NCSU), 
Department of Plant Pathology, and the Mountain Horticultural Crops Research and Extension 
Center (MHCREC) in Fletcher, NC. The MHCREC, surrounded by over 300 acres of 
experimental field plots for various agricultural studies, is located in a concentrated area of fresh 
market tomato fields. The UFL Department of Plant Pathology and NFREC will be responsible 
for the research on the management of bacterial spot and bacterial speck, except for cultural 
practices, which will be handled in cooperation with horticulturist Steve Olson. Greenhouse 
experiments and laboratory support is available at both locations in Florida and in North 
Carolina. Field experiments will be conducted at the NFREC, Quincy, FL and the MHCREC, 
Fletcher, NC in field plots. 

During the implementation and evaluation phase UF/IFAS Cooperative Extension 
Service will be actively involved. Eventually implementation of results from the research will 
benefit all states in the southeastern U.S. through their extension services and IPM providers, 
special effort will be made (educational meeting to extension personnel) to transfer new 
technologies developed from this research to Florida and other southern states. The PIs will 
directly extend results of the research to other extension professionals, and to tomato growers in 
Florida, North Carolina and southeastern U.S. and will also write publications on results of the 
research for refereed journals so that the research will benefit research and extension on bacterial 
disease management nationwide. The results will be extended to national and international 
audiences at the American Phytopathological Society meetings, the Tomato Disease Workshop 



(held in Fletcher, NC during the winter of 2006), and other conferences. County faculty, growers 
and consultants can access this information locally. This work will produce economic, practical 
and effective management tools of these diseases on tomato that are difficult to control at 
present. Companies holding rights to them will hopefully pursue EPA registration for products 
that show positive results to reduce disease pressure. Similarly new products will be developed 
and promoted for commercial use by companies licensed by the University of Florida.
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F.  KEY PERSONNEL 

J. B. Jones and M. T. Momol will work extensively on objective 1 identifying combinations of 
plant genotypes, PGPRs, bacteriophages, and Actigard that effectively reduce disease severity 
caused by the bacterial spot pathogen tomato races 1, 2 and 3 as well as the bacterial speck 
pathogen.  This will also include identifying bacteriophages that effectively eliminate all strains 
of the bacterial pathogens.  Once the treatments are identified that effectively control the bacteria 
in greenhouse tests, the best treatments will be used for assessing disease control in field studies 
in Quincy, FL and Gainesville as part of objective 3.  We will also look at the efficacy of 
Kasugamycin as part of an integrated approach with treatments obtained in objective 1. 

Kelly Ivors and Frank Louws will do similar work as described above in objective 1 on tomato 
race 3 of the bacterial spot pathogen.  They will also work extensively on objective 2 to identify 
the effects of Kasugamycin on strains of the bacterial speck and bacterial spot pathogens.  They 
will also identify the best treatments to be used in field experiments for control of bacterial speck 
and bacterial spot. 
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Ralstonia solanacearum population density and bacterial wilt incidence in tomato. Plant 
Disease 87:423-427. 

Blount AR, Dankers H, Momol MT, and Kucharek T.A.  2002. Severe dollar spot fungus on 
bahiagrass  in Florida. Online. Crop Management, doi:10.1094/CM-2002-0927-01-R. 
http://www.plantmanagementnetwork.org/pub/cm/research/dollarspot/

Funderburk J, Stavisky J, Tipping C, Gorbet D, Momol MT, and Berger RD. 2002.  Infection of 
Frankliniella fusca (Thysanoptera: Thripidae) in peanut by the parasitic nematode 
Thripinema fuscum (Tylenchidae:Allantonematidae).  Environmental Entomology 31(3):558-
563.

Pradhanang PM, Momol MT, Dankers H, Momol EA, and Jones JB. 2002.  First report of 
southern wilt caused by Ralstonia solanacearum on geranium in Florida. Online. Plant 
Health Progress, doi:10.1094/PHP-2002- 0611-01-HN.
http://www.plantmanagementnetwork.org/pub/php/brief/geranium/

Blount AR, Pittman RN, Smith BA, Morgan RN, Dankers W, Sprenkel RK, and Momol MT. 
2002. First report of Peanut stunt virus in perennial peanut in North Florida and Southern 
Georgia. Plant Disease 86:326. 

Argun N, Momol MT, Maden S, Momol EA, Reid CL, and Burr TJ. 2002.  Characterization of 
Agrobacterium vitis strains isolated from Turkish grape cultivars in Central Anatolia Region. 
Plant Disease 86:162-166. 

Marois JJ, Momol MT, Kimbrough JW, Hochmuth RC, and Dankers W.  2001.  First report of 
powdery mildew on greenhouse tomatoes caused by Oidium neolycopersici in Florida.  Plant 
Disease 85: 1292. 

Pradhanang PM and Momol MT. 2001. Survival of Ralstonia solanacearum in soil under 
irrigated rice culture and aquatic weeds. J. Phytopathology 149:707-711. 

Xin J, Beck HW, Halsey LA, Fletcher JH, Zazueta FS, and Momol MT. 2001. Development of a 
distance diagnostic and identification system for plant, insect and disease problems.  Applied 
Engineering in Agriculture 17 (4): 561-565. 



VITAE
KELLY L. IVORS 

ADDRESS  Dept. of Plant Pathology, North Carolina State University, MHCREC, 455 
Research Dr., Fletcher, NC 28732; 828-684-3562; kelly_ivors@ncsu.edu 

EDUCATION 
PhD Plant Pathology   2002 The Pennsylvania State University 
MS Plant Pathology  1995 Texas A&M University 
BS Bioenvironmental Sciences 1992 Texas A&M University 

PROFESSIONAL EXPERIENCE 
Asst. Professor & Extension Specialist, Dept. Plant Pathology, NC State Univ.  7/04-present 
Visiting Scientist, Plant Research International, Wageningen, The Netherlands  9/03-12/03 
Post-Doctoral Research Assoc., Dept. ESPM-ES, Univ. California, Berkeley 1/02-7/04 
Graduate Research Asst., Dept. Plant Pathology, Penn State University   8/98-12/01 
Faculty Research Asst., USDA-ARS-HCRL/Oregon State University  5/95-8/98 
Lab Technician I, Dept. Plant Pathology & Microbiology, Texas A&M Univ. 4/94-5/95 
Graduate Asst., Dept. Plant Pathology & Microbiology, Texas A&M Univ. 6/92-5/95 

HONORS/AWARDS
Phytophthora Molecular Genetics Network Award, 2004 & 2002 
Martin-Baker Research Award (through Mycological Society of America) 2003 
Dr. J. W. Sinden Mushroom Science Scholarship Award, 2001 & 1999 
Dr. Henry W. Popp Plant Pathology Scholarship Award, 2001 
Penn State Graduate Student Award, 1999 

SELECTED PUBLICATIONS 
1. Ivors, K., Garbelotto, M., De Vries, I., Ruyter-Spira, C., Te Hekkert, B., Rosenweig, N., and 

Bonants, P. 2006. Microsatellite markers identify three lineages of Phytophthora ramorum in 
US nurseries, yet single lineages in US Forest and European nursery populations. Molecular 
Ecology. In Press. 

2. Hayden, K., Ivors, K., Wilkinson, C., and Garbelotto, M. 2006. TaqMan chemistry for 
Phytophthora ramorum detection and quantification, with a comparison of diagnostic 
methods. Phytopathology.  In Press. 

3. Ivors, K.L., and Shoemaker, P.B. 2005. Chapter 9: Disease Management. Pages 85-105 In: 
2005 Burley Tobacco Information. North Carolina Cooperative Extension Service; Raleigh, 
NC.

4. Holmes, G. J. Louws, F. J., and Ivors, K. 2005. Vegetable Crops. Pages 265-297 In: 2005 
North Carolina Agricultural Chemicals Manual. North Carolina State University; Raleigh, 
NC.

5. Huberli, D., Ivors, K. L., Smith, A., Tse, J. G., and Garbelotto, M. 2005. First report of foliar 
infection of Matanthemum racemosum by Phytophthora ramorum. Plant Dis. 89:204. 

6. Ivors, K., Hayden, K., Bonants, P., Rizzo, D., and Garbelotto, M. 2004. AFLP and 
phylogenetic analyses of North American and European populations of Phytophthora
ramorum. Mycol. Res. 108: 378-392. 



7. Kong, P., Hong, C.X.., Tooley, P.W., Ivors, K., Garbelotto, M., and Richardson, P.A. 2004. 
Rapid identification of Phytophthora ramorum using PCR-SSCP analysis of ribosomal DNA 
ITS-1. Letters Appl. Microbiol. 38:433-439. 

8. Ivors, K. and Beyer, D. 2003. Reviewing the microbiology of commercial mushroom 
substrate. Mushroom News 51(8):6-16. 

9. Pinkerton, J. N., Schreiner, R.P., Ivors, K.L., and Vasconcelos, M.C. 2004.  Effects 
of Mesocriconema xenoplax on Vitis vinifera and associated mycorrhical fungi.  Journal of 
Nematology 36:193-201. 

10. Hansen, E.M., Reeser, P., Davidson, J.M., Garbelotto, M., Ivors, K., Douhan, L., and Rizzo, 
D.M. 2003. Phytophthora nemorosa, a new species causing cankers and leaf blight of forest 
trees in California and Oregon, U.S.A. Mycotaxon 88:129-138. 

11. Garbelotto, M., Davidson, J. M., Ivors, K., Maloney, P. E., Huberli, D., Koike, S. T., and 
Rizzo, D. M. 2003. Non-oak native plants are main hosts for sudden oak death pathogen in 
California. Cal. Ag. 57(1):18-23. 

12. Pinkerton, J.N., Ivors, K.L., Reeser, P.W., Bristow, P.R., and Windom, G.E. 2002. The use 
of soil solarization for the management of soilborne plant pathogens in strawberry and red 
raspberry production. Plant Dis. 86:645-651. 

13. Peachey, R.E., Pinkerton, J.N., Ivors, K.L., Miller, M.L., Moore, L.W. 2001. Effect of 
solarization, cover crops, and metham on field emergence and survival of buried annual 
bluegrass (Poa annua) seeds. Weed Technol. 15:81-88. 

14. Schreiner, R.P., Ivors, K.L., and Pinkerton, J.N. 2001. Soil solarization reduces arbuscular 
mycorrhizal fungi as a consequence of weed suppression. Mycorrhiza 11:273-277. 

15. Ivors, K.L., Collopy, P.D., Beyer, D.M., and Kang, S. 2000. Identification of bacterial 
microorganisms in mushroom compost using ribosomal RNA sequence. Comp. Sci. Util. 
8(3)247-253.

16. Pinkerton, J.N., Ivors, K.L., Miller, M.L., Moore, L.W. 2000. Effect of soil solarization and 
cover crops on populations of selected soilborne plant pathogens in western Oregon. Plant 
Dis. 84:952-960.

17. Pinkerton, J.N., Forge, T.A., Ivors, K.L., and Ingham, R.E. 1999. Plant-parasitic nematodes 
associated with grapevines, Vitis vinifera, in Oregon vineyards. J. Nematology 31:624-634. 

18. Pinkerton, J.N., Johnson, K.B., Stone, J.K., and Ivors, K.L. 1998. Factors affecting the 
release of ascospores of Anisogramma anomala. Phytopathology 88: 122-128. 

19. Pinkerton, J.N., Johnson, K.B., Stone, J.K., and Ivors, K.L. 1998. Maturation and seasonal 
discharge pattern of ascospores of Anisogramma anomala. Phytopathology 88:1165-1173.

CURRENT GRANTS 
Kang, S., Ivors, K.L., Martin, F., Coffey, M., Makalowska., I., Gesier, D., and O’Donnell, K. 
Phytophthora database: An integrated resource for detecting, monitoring, and managing 
Phytophthora diseases. USDA CSREES NRI Animal and Plant Biosecurity. 3/01/05 - 2/28/08. 
$135,603.
Ivors, K.L., and Hoyt, G.D. Evaluation of combined crop inputs for management of 
Phytophthora blight on bell pepper. NC Agricultural Foundation. 7/01/05 - 6/30/06. $15,005. 
Ivors, K.L., and Benson, D.M. Evaluating strategies for management of Phytophthora root rot of 
Fraser fir. North Carolina Christmas Tree Association. 7/01/05 - 6/30/06. $2,500. 
Ivors, K.L. Characterization of bacteria isolated from atypically blighted tomato leaves in 
western North Carolina. North Carolina Tomato Growers Association. 5/01/05 - 4/30/06. $1,600. 



Ivors, K.L. Evaluation of alternative fungicides for control of Phytophthora blight on pepper. 
IR4 Biopesticide program. 5/01/05 - 4/30/06. $4,000. 
Hoyt, G.D., and Ivors, K.L. Effects of nitrogen rate on new burley tobacco cultivars, blue mold 
incidence, and leaf yield and quality. Tobacco Research Commission. 1/1/05 - 12/31/05. $14,666 
($2000).
Ivors, K.L. Monitoring of dimethomorph resistance and evaluation of fungicides for blue mold 
control on burley tobacco. Tobacco Research Commission. 1/01/05 - 12/31/05. $13,967. 



CURRICULUM VITAE 

FRANK JOHN LOUWS
Associate Professor, Department of Plant Pathology 

North Carolina State University

A.  BRIEF RESUME 
ADDRESS:  

Box 7616, Dept.  Plant Pathology, North Carolina State University, Raleigh NC 27695-
7616, Tele:919-515-6689; FAX:919-515-7716; Email: frank_louws@ncsu.edu

EDUCATION: 

Ph.D., Plant Pathology, 1994.  Michigan State University, East Lansing, MI, 48824. 
http://www.msue.msu.edu/misanet/Abstracts/abs02.htm 
M.Sc., Plant Pathology, 1987. Univ. of Guelph, Guelph, Ont., Canada NIG2WI. 
B.Sc., Horticulture (With Distinction), 1984.  University of Guelph (1982-1984); Dordt 
 College, Sioux Center, IA (1980-1982). 

PROFESSIONAL EXPERIENCES: 
January 15, 1996 - present. Assistant and Associate Professor. Develop extension and 
research programs that emphasize IPM and sustainable agricultural principles and practices 
for the small fruit and vegetable agricultural sector. 

November 1993 - December 1995.  PostDoctoral Fellow, Center for Microbial Ecology/MSU-
DOE Plant Research Laboratory, East Lansing, MI.  Design and conduct experiments and 
technology applications for assessing microbial diversity of plant pathogens and soil 
microbes. 

SCHOLARLY AND PROFESSIONAL HONORS: 

Senior Editor: Phytopathology (2006-). 
Senior Editor: Canadian Journal of Plant Pathology (2005-2008). 
Outstanding Service Award. 2003. North Carolina Strawberry Growers Association. 
College’s Faculty and Student Organization Resource Development Award. Center for 
Environmental Framing Systems Research Team (Team member: F.J. Louws). April 4, 
2000.
Extension Publication Award. D.C. Sanders et al. (Team member: F.J. Louws). American 
Society for Horticultural Science-Southern Region. For: 1999 North Carolina Commercial 
Vegetable Recommendations.  
Listed in Marquis' "Who's Who in Science and Engineering" 1996-97; 3rd  edition. 
Postdoctoral Fellow, NSF-Center for Microbial Ecology.  Michigan State Univ. 1993-1995. 
Mott Predoctoral Fellowship for Sustainable Agriculture.  Michigan State Univ. (1991-
1993).
Initiated into the Honor Society of PHI KAPPA PHI, Michigan State University 1992. 
Initiated into the Phi Beta Delta Honor Society for International Scholars, MSU 1991. 
Sigma Xi Graduate Student Research Grant, Michigan State University. 1990 



Natural Science and Engineering Res.  Council Of Canada Scholarships; 1985-1987 (MSc.); 
1989-1991 (Ph.D). 
OAC Centennial Graduate Fellowship; University Graduate Scholarship 
Natural Science and Engineering Research Council Of Canada (NSERC) Undergraduate 
Research Competitive Scholarship, University of Guelph, 1984. 
Monsanto Canada Inc.  Scholarship; Major James Rattray Scholarship, University of 
Guelph, 1984. 

PROFESSIONAL SOCIETY MEMBERSHIPS: 
Sigma Xi, The Scientific Research Society 
The American Phytopathology Society 
Canadian Phytopathology Society 
International Society for Horticultural Science 
Phi Beta Delta Honor Society for International Scholars  
Phi Kappa Phi Honor Society

B) Original (selected) Research Articles in Peer-Reviewed 
Journals:

Rademaker, J.L.W., F.J. Louws, M.H. Schultz, U. Rossbach, L. Vauterin, J. Swings, F.J. 
de Bruijn. 2005. A comprehensive species to strain taxonomic framework for 
Xanthomonas. Phytopathology 95:1098-1111. 

Sydorovych,O., C.D. Safley, L.M. Ferguson, E. B. Poling, G.E. Fernandez, P.M. 
Brannen, D.M. Monks and F.J. Louws. Economic Evaluation of the Methyl Bromide 
Alternatives for the Production of Strawberries in the Southeastern US. HortTechnology 
(accepted). 

Leandro, L.F.S., T. Guzman, L.M. Ferguson, G.E. Fernandez, and F.J. Louws. 2005. 
Population dynamics of Trichoderma in fumigated and compost-amended soil and on 
strawberry roots. Applied Soil Ecology (Submitted).  

Cuppels, D.A., F. J. Louws and T. Ainsworth. 2005. Development and evaluation of  
PCR-based diagnostic assays for the bacterial speck and bacterial spot pathogens of 
tomato. Plant Disease. (accepted). 

Gent, D. H. A. Al-Saadi, D. W. Gabriel, F. J. Louws, C. A. Ishimaru, and H. F. 
Schwartz. 2005. Pathogenic and Genetic Relatedness among Xanthomonas axonopodis
pv. allii and other pathovars of X. axonopodis. Phytopathology 95:918-925. 

Byrne, J.M., A.C. Dianese, P. Ji, H.L. Campbell, D.A. Cuppels, F.J. Louws, S.A. Miller, 
J.B. Jones, and M. Wilson. 2005. Biological control of bacterial spot of tomato under 
field conditions at several locations in North America. Biological Control 32: 408-418. 

Rippy, J.F.M., M.M. Peet, F.J. Louws, P.V. Nelson, D. B. Orr and K.A. Sorensen. 2004. 



Plant development and harvest yields of greenhouse tomatoes in six organic growing 
systems. HortScience 39:1-7. 

Gent, D. H., H. F. Schwartz, C. A. Ishimaru, F. J. Louws, R. A. Cramer, and C. B. 
Lawrence. 2004. Polyphasic characterization of Xanthomonas strains from onion. 
Phytopathology 94:184-195. 

Butler, L.M., G.E. Fernandez and F.J. Louws. 2002. Strawberry plant growth parameters 
and yield among transplants of different types and from different geographic sources, 
grown in a plasticulture system. HortTechnology 12:100-103.  

Louws, F.J., M. Wilson, H.L. Campbell, D.A. Cuppels, J.B. Jones, P.B. Shoemaker, F. 
Sahin and S.A. Miller. 2001. Field control of bacterial spot and bacterial speck of tomato 
using a plant activator. Plant Disease 85:481-488. 

Mueller, JP, M.E. Barbercheck, M. Bell, C. Brownie, N.G. Creamer, S. Hu, L. King, 
H.M. Linker, F.J. Louws, M. Marra, C.W. Raczkowski, D. Susko,  M.G. Wagger. 2001. 
Development and Implementation of Long-Term Agricultural Systems Studies: 
Challenges and Opportunities. HortTechnology 12:362-368. 

Rademaker, J.L.W., B., Hoste, F.J. Louws, K., Kersters, J. Swings, L. Vauterin, 
P.Vauterin, and F.J. de Bruijn. 2000. Comparison of AFLP and rep-PCR genomic 
fingerprinting with DNA-DNA homology studies: Xanthomonas as a model system. Int J 
System. Evol. Microbiol. 50: 665–677. 

Creamer, N.G., K.R. Baldwin, and F.J. Louws. 2000. Organic Horticulture: A training 
series for Cooperative Extension agents in organic farming systems. HortTechnology 
10:675-681.

Bouzar, H., J.B. Jones, R.E. Stall, F.J. Louws, M. Schneider, J.L.W. Rademaker, F.J. de
Bruijn and L.E. Jackson. 1999. Multiphasic taxonomy of bacteria causing spot disease on 
tomato and pepper in the Caribbean and Central America:  Evidence for common 
lineages within and between countries. Phytopathology 89:328-335.

Louws, F.J., J. Bell, C.M. Medina,-Mora, C.D. Smart, D. Opgennorth, C.A. Ishimaru, 
M.K. Hausbeck, F. J. de Bruijn and D. W. Fulbright. 1998. Rep-PCR mediated genomic 
fingerprinting: A rapid and effective method to identify Clavibacter michiganensis.
Phytopathology 88:862-868. 

Louws, F.J., D.W. Fulbright, C.T. Stephens and F.J. de Bruijn. 1995. Differentiation of 
genomic structure by rep-PCR fingerprinting to rapidly classify Xanthomonas campestris 
pv. vesicatoria. Phytopathology 85:528-536. 

Louws, F.J., D.W. Fulbright, C.T. Stephens and F.J. de Bruijn. 1994. Specific genomic 
fingerprints of phytopathogenic Xanthomonas and Pseudomonas pathovars and strains 
generated with repetitive sequences and PCR. Appl. and Env. Microbiol. 60:2286-2295. 



(Selected) Research Review Articles and Book Chapters: 

Alvarez, A. and F.J. Louws. Xanthomonas. 2000. In O.C. Maloy and T.D. Murray, eds. 
Encyclopedia of Plant Pathology. John Wiley and Sons, Inc. p. 1208-1210. 

Louws, F.J., J.L.W. Rademaker, and F.J. de Bruijn. 1999. The three Ds of PCR-based 
genomic analysis of phytobacteria: Diversity, detection and disease diagnosis. Annual 
Review of Phytopathology 37:81-125. 

Louws, F.J., D.F. Ritchie, and P.B. Shoemaker. 2001. Genetic Diversity of selected 
bacterial populations in North Carolina. IN: Proceedings of the 10th International 
Conference of Plant Pathogenic Bacteria. Kluwer Academic Pub, Dordrecht, NL. p.124-
127.

Louws F.J. and D.A. Cuppels. 2000. Molecular Techniques. In: N.W. Schaad, J.B. Jones 
and W. Chun, eds. Laboratory Guide for Identification of Plant Pathogenic Bacteria. p 
321-333.

Rademaker, J.L.W., F.J. Louws, and F.J. de Bruijn. 1999 (Re-Written 2004). Computer 
assisted pattern analysis of electrophoretic fingerprints and database construction. In: 
Akkermans, A.D.L., J.D. van Elsas and F.J.  de Bruijn. (eds). Molecular Microbial 
Ecology Manual. Kluwer Academic Publishers, Dordrecht, Suppl. 4 Chapter 7.1.3. pp.1-
33.

Rademaker, J.L.W., F.J. Louws, and F.J. de Bruijn. 1998 (Re-Written 2004).
Characterization of the diversity of ecologically important microbes by rep-PCR genomic 
fingerprinting. In: Akkermans, A.D.L., J.D. van Elsas and F.J.  de Bruijn. (eds). 
Molecular Microbial Ecology Manual. Kluwer Academic Publishers, Dordrecht. Suppl. 3 
Chapter 3.4.3. pp. 1-26. 



Research Summary: I have been lead author or co-author on 45 research publications since 
1997 including 17 peer reviewed journal publications, 2 research review publications, 21 
contributions to books or published proceedings, and 5 book chapters in addition to 43 published 
abstracts. My research record has led to a cumulative Science Citation Index of over 375. 
Relevant research results have led to 16 invited research seminars at professional meetings, other 
universities or private organizations. Research emphasis is on phytobacterial diversity, 
management of bacterial diseases in tomatoes, and diagnosis and management of foliar and 
soilborne diseases of strawberry, tomato and pepper. 

Extension Summary: I have also published 185 extension publications including 23 extension 
Bulletins, 41 applied research-peer reviewed papers and 121 industry or extension 
newsletters/popular press articles during the last 9 years. Our work has also been featured in 13 
popular press articles written by reporters or other publishers. Extension emphasis is on 
strawberry, tomato, pepper and organic disease management programs. Presented over 240 in-
state and out-of-state research-based extension talks on disease management in strawberry and 
vegetable production systems in the last 9 years. 

Teaching Mentoring Summary: My program has a high commitment to INSTRUCTION. I Co-
organized and co-taught 2 graduate level courses in sustainable agriculture (4 and 3 cr); Co-Lead 
a graduate level course in Methods and Diagnosis (Fall 2005 and yearly); gave 14 guest lectures 
in classes; advised 6 graduate students (MS); was a committee member on 13 additional 
committees; mentored 17 undergraduate or recently graduated students (5 with credit for special 
projects); and mentored 9 postdocs or senior scientists. I led a week-long internship program 
yearly, sponsored a science fair on campus for 3 successive years and participated yearly in a 
community college curriculum on sustainable agriculture. 
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24
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A.  Salaries and Wages

1.  No. Of Senior Personnel Calendar Academic Summer

a. (Co)-PD(s)……………………………. 0 0 0 -$                    -$                    

b. Senior Associates ………………….. 0 0 0 -$                    -$                    

2.  No. of Other Personnel (Non-Faculty)
a. Research Associates/Postdoctorates……… 0 0 0 -$                    -$                    

b. Other Professionals………………….. 0 0 0 48,000$              -$                    

c. Paraprofessionals……………………………………………………………...…. -$                    -$                    

d. Graduate Students………………………………………………………...……… -$                    -$                    

e. Prebaccalaureate Students……………………………………………………... -$                    -$                    

f. Secretarial-Clerical……………………………………………………………..… -$                    -$                    

g. Technical, Shop and Other…………………………………………………...…. -$                    -$                    

Total Salaries and Wages………………………………………………..…… 48,000$              -$                    -$                    

B.  Fringe Benefits (If charged as Direct Costs) 17,648$              -$                    

C.  Total Salaries, Wages, and Fringe Benefits (A plus B)……………….…….. 65,648$              -$                    -$                    
D.  Nonexpendable Equipment (Attach supporting data.  List items and dollar
     amounts for each item.) -$                    -$                    

E.  Materials and Supplies 11,000$              -$                    
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DURATION 
PROPOSED 
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PROJECT DIRECTOR(S)

Jeffrey B. Jones and M. Timur Momol
Funds Requested by 

Proposer
Funds Approved by 

CSREES
(If different)

A.  Salaries and Wages

1.  No. Of Senior Personnel Calendar Academic Summer

a. (Co)-PD(s)……………………………. 0 0 0 -$                   -$                   

b. Senior Associates ………………….. 0 0 0 -$                   -$                   

2.  No. of Other Personnel (Non-Faculty)
a. Research Associates/Postdoctorates……… 0 0 0 -$                   -$                   

b. Other Professionals………………….. 0 0 0 48,000$             -$                   

c. Paraprofessionals……………………………………………………………...…. -$                   -$                   

d. Graduate Students………………………………………………………...……… -$                   -$                   

e. Prebaccalaureate Students……………………………………………………... -$                   -$                   

f. Secretarial-Clerical……………………………………………………………..… -$                   -$                   

g. Technical, Shop and Other…………………………………………………...…. -$                   -$                   

Total Salaries and Wages………………………………………………..…… 48,000$             -$                   -$                   

B.  Fringe Benefits (If charged as Direct Costs) 17,648$             -$                   

C.  Total Salaries, Wages, and Fringe Benefits (A plus B)……………….…….. 65,648$             -$                   -$                   
D.  Nonexpendable Equipment (Attach supporting data.  List items and dollar
     amounts for each item.) -$                   -$                   

E.  Materials and Supplies 11,000$             -$                   
F.  Travel 1.  Domestic 3,200$               -$                   

2.  Foreign -$                   -$                   

G.  Publication Costs/Page Charges -$                   -$                   

H.  Computer (ADPE) Costs -$                   -$                   
I.  Student Assistance/Support (Scholarships/fellowships, stipends/tuition, cost of
    education, etc.  Attach list of items and dollar amounts for each item.) -$                   -$                   
J.  All Other Direct Costs (In budget narrative, list items and dollar amounts, and provide
     supporting data for each item.) -$                   -$                   

K.  Total Direct Costs (C through J)………………………………………………….. 79,848$             -$                   -$                   

23.456% of Total Direct Costs (equivalent to 19% T.F.F.A.) 18,729$             -$                   

M.  Total Direct and F&A/Indirect Costs (K plus L)…………………………………. 98,577$             -$                   -$                   

N.  Other……………………………………………………………………………………… 41,931$             -$                   

O.  Total Amount of This Request……………………..…………………………….. 140,508$           -$                   -$                   

P.  Carryover -- (If Applicable)……..…………… Federal Funds + Non-Federal Funds = Total: -$                   + -$                   = -$                   
Q.  Cost-Sharing/Matching (Breakdown of total amounts shown on line O)

Cash (both Applicant and Third Party)……………………………………………………………..……………………………. -$                   

Non-Cash Contributions (both Applicant and Third Party)………...…………………………………………………..…… -$                   
DATE

Project Director

Jeffrey B. Jones and M. Timur Momol
Authorized Organizational Representative

Signature (for optional use)

According to the Paperwork Reduction Act of 1995, an agency may not conduct or sponsor, and a person is not required to respond to a collection of information unless it displays a valid OMB control number.  The valid OMB  control number
 for this information collection is 0524-0039.  The time required to complete this information collection is estimated to average 3.00 hours per response, including the time for reviewing instructions, searching existing data sources, gathering
 and maintaining the data needed, and completing and reviewing the collection of information.

Form CSREES-2004 (12/2000)

NAME AND TITLE (Type or Print) SIGNATURE (required for revised budget only)

CSREES-FUNDED WORK MONTHS

UNITED STATES DEPARTMENT OF AGRICULTURE
COOPERATIVE STATE RESEARCH, EDUCATION, AND EXTENSION SERVICE

BUDGET
Non-Federal 

Proposed Cost-
Sharing/ Matching 

Funds 
(If required)

Non-Federal Cost-
Sharing/Matching 
Funds Approved

 by CSREES
(If Different)

L. F&A/Indirect Costs (if applicable, specify rate(s) and base(s) for on/off campus activity.
       Where both are involved, identify itemized costs included in on/off campus bases.)



    UNITED STATES DEPARTMENT OF AGRICULTURE                             OMB Approved 0524-0039 
                                           COOPERATIVE STATE RESEARCH, EDUCATION, AND EXTENSION SERVICE               Expires 03/31/2004 

BUDGET – Year 1
USDA AWARD NO. ORGANIZATION AND ADDRESS 

North Carolina State University, Department of Plant Pathology 

PROJECT DIRECTOR(S) 

Kelly L. Ivors 

DURATION
PROPOSED
MONTHS: 
___12__ 

Funds Requested 
by Proposer

DURATION
PROPOSED 

MONTHS: _____ 

Funds Approved 
by CSREES
(If different) 

Non-Federal 
Proposed Cost-

Sharing/ 
Matching Funds 

(If required) 

Non-federal Cost-
Sharing/Matching 
Funds Approved 

by CSREES 
(If Different) 

A.  Salaries and Wages ........................ CSREES-FUNDED WORK MONTHS

1.  No. Of Senior Personnel Calendar Academic Summer 

a. ____ (Co)-PD(s).................................................

b. ____ Senior Associates ......................................

2.  No. of Other Personnel (Non-Faculty) 
a. _____ Research Associates/Postdoctorates .....................

b. ____ Other Professionals ...................................

c. ____ Paraprofessionals ......................................

d. ____ Graduate Students .....................................

e. ____ Prebaccalaureate Students.........................

f. ____  Secretarial-Clerical....................................

g. _1___ Technical, Shop and Other........................ 10,000 

      Total Salaries and Wages ............................. 10,000    

B. Fringe Benefits (If charged as Direct Costs) 885

C. Total Salaries, Wages, and Fringe Benefits (A plus B) 10,885    

D. Nonexpendable Equipment (Attach supporting data.  List items and dollar amounts for 
each item.)

E. Materials and Supplies 6,600   

F. Travel 2,950   

G. Publication Costs/Page Charges

H. Computer (ADPE) Costs

I. Student Assistance/Support (Scholarships/fellowships, stipends/tuition, cost of education, etc.  
Attach list of items and dollar amounts for each item.)     

J. All Other Direct Costs (In budget narrative, list items and dollar amounts, and provide 
supporting data for each item.)

K. Total Direct Costs (C through I) ................. 18,785    

L. F&A/Indirect Costs (If applicable, specify rate(s) and base(s) for on/off campus activity. Where 
both are involved, identify itemized costs included in on/off campus bases.)

M. Total Direct and F&A/Indirect Costs (J plus K)     

N. Other ................................................................

O. Total Amount of This Request..................... 20,435    

P. Carryover -- (If Applicable)Federal Funds: $                            Non-Federal funds: $                            Total $                            

Q. Cost-Sharing/Matching (Breakdown of total amounts shown on line O)
Cash (both Applicant and Third Party).
Non-Cash Contributions (both Applicant and Third Party) 

NAME AND TITLE (Type or print) SIGNATURE (required for revised budget only) DATE
Project Director
Kelly L. Ivors 

Authorized Organizational Representative

Signature (for optional use) 

According to the Paperwork Reduction Act of 1995, an agency may not conduct or sponsor, and a person is not required to respond to a collection of information unless it displays a valid OMB 
control number.  The valid OMB  control number for this information collection is 0524-0039.  The time required to complete this information collection is estimated to average 1.00 hour per response,



UNITED STATES DEPARTMENT OF AGRICULTURE                             OMB Approved 0524-0039 
                                           COOPERATIVE STATE RESEARCH, EDUCATION, AND EXTENSION SERVICE               Expires 03/31/2004 

BUDGET – Year 2
USDA AWARD NO. ORGANIZATION AND ADDRESS 

North Carolina State University, Department of Plant Pathology 

PROJECT DIRECTOR(S) 

Kelly L. Ivors 

DURATION
PROPOSED
MONTHS: 
___12__ 

Funds Requested 
by Proposer

DURATION
PROPOSED 

MONTHS: _____ 

Funds Approved 
by CSREES
(If different) 

Non-Federal 
Proposed Cost-

Sharing/ 
Matching Funds 

(If required) 

Non-federal Cost-
Sharing/Matching 
Funds Approved 

by CSREES 
(If Different) 

A.  Salaries and Wages ........................ CSREES-FUNDED WORK MONTHS

1.  No. Of Senior Personnel Calendar Academic Summer 

a. ____ (Co)-PD(s).................................................

b. ____ Senior Associates ......................................

2.  No. of Other Personnel (Non-Faculty) 
a. _____ Research Associates/Postdoctorates .....................

b. ____ Other Professionals ...................................

c. ____ Paraprofessionals ......................................

d. ____ Graduate Students .....................................

e. ____ Prebaccalaureate Students.........................

f. ____  Secretarial-Clerical....................................

g. __1__ Technical, Shop and Other........................ 11,250 

      Total Salaries and Wages ............................. 11,250    

B. Fringe Benefits (If charged as Direct Costs) 996

C. Total Salaries, Wages, and Fringe Benefits (A plus B) 12,246    

D. Nonexpendable Equipment (Attach supporting data.  List items and dollar amounts for 
each item.)

E. Materials and Supplies 6,600   

F. Travel 2,650   

G. Publication Costs/Page Charges

H. Computer (ADPE) Costs

I. Student Assistance/Support (Scholarships/fellowships, stipends/tuition, cost of education, etc.  
Attach list of items and dollar amounts for each item.)     

J. All Other Direct Costs (In budget narrative, list items and dollar amounts, and provide 
supporting data for each item.)

K. Total Direct Costs (C through I) ................. 21,496    

L. F&A/Indirect Costs (If applicable, specify rate(s) and base(s) for on/off campus activity. Where 
both are involved, identify itemized costs included in on/off campus bases.)

M. Total Direct and F&A/Indirect Costs (J plus K)     

N. Other ................................................................

O. Total Amount of This Request..................... 21,496    

P. Carryover -- (If Applicable)Federal Funds: $                            Non-Federal funds: $                            Total $                            

Q. Cost-Sharing/Matching (Breakdown of total amounts shown on line O)
Cash (both Applicant and Third Party).
Non-Cash Contributions (both Applicant and Third Party) 

NAME AND TITLE (Type or print) SIGNATURE (required for revised budget only) DATE
Project Director
Kelly L. Ivors 

Authorized Organizational Representative

Signature (for optional use) 

According to the Paperwork Reduction Act of 1995, an agency may not conduct or sponsor, and a person is not required to respond to a collection of information unless it displays a valid OMB 
control number.  The valid OMB  control number for this information collection is 0524-0039.  The time required to complete this information collection is estimated to average 1.00 hour per response,



 UNITED STATES DEPARTMENT OF AGRICULTURE                             OMB Approved 0524-0039 
                                           COOPERATIVE STATE RESEARCH, EDUCATION, AND EXTENSION SERVICE               Expires 03/31/2004 

BUDGET – Years 1 & 2
USDA AWARD NO. ORGANIZATION AND ADDRESS 

North Carolina State University, Department of Plant Pathology 

PROJECT DIRECTOR(S) 

Kelly L. Ivors 

DURATION
PROPOSED
MONTHS: 
___12__ 

Funds Requested 
by Proposer

DURATION
PROPOSED 

MONTHS: _____ 

Funds Approved 
by CSREES
(If different) 

Non-Federal 
Proposed Cost-

Sharing/ 
Matching Funds 

(If required) 

Non-federal Cost-
Sharing/Matching 
Funds Approved 

by CSREES 
(If Different) 

A.  Salaries and Wages ........................ CSREES-FUNDED WORK MONTHS

1.  No. Of Senior Personnel Calendar Academic Summer 

a. ____ (Co)-PD(s).................................................

b. ____ Senior Associates ......................................

2.  No. of Other Personnel (Non-Faculty) 
a. _____ Research Associates/Postdoctorates .....................

b. ____ Other Professionals ...................................

c. ____ Paraprofessionals ......................................

d. ____ Graduate Students .....................................

e. ____ Prebaccalaureate Students.........................

f. ____  Secretarial-Clerical....................................

g. ___1_ Technical, Shop and Other........................ 21,250 

      Total Salaries and Wages ............................. 21,250    

B. Fringe Benefits (If charged as Direct Costs) 1881

C. Total Salaries, Wages, and Fringe Benefits (A plus B) 23,131    

D. Nonexpendable Equipment (Attach supporting data.  List items and dollar amounts for 
each item.)

E. Materials and Supplies 13,200   

F. Travel 5,600   

G. Publication Costs/Page Charges

H. Computer (ADPE) Costs

I. Student Assistance/Support (Scholarships/fellowships, stipends/tuition, cost of education, etc.  
Attach list of items and dollar amounts for each item.)     

J. All Other Direct Costs (In budget narrative, list items and dollar amounts, and provide 
supporting data for each item.)

K. Total Direct Costs (C through I) ................. 41,931    

L. F&A/Indirect Costs (If applicable, specify rate(s) and base(s) for on/off campus activity. Where 
both are involved, identify itemized costs included in on/off campus bases.)

M. Total Direct and F&A/Indirect Costs (J plus K)     

N. Other ................................................................

O. Total Amount of This Request..................... 41,931    

P. Carryover -- (If Applicable)Federal Funds: $                            Non-Federal funds: $                            Total $                            

Q. Cost-Sharing/Matching (Breakdown of total amounts shown on line O)
Cash (both Applicant and Third Party).
Non-Cash Contributions (both Applicant and Third Party) 

NAME AND TITLE (Type or print) SIGNATURE (required for revised budget only) DATE
Project Director
Kelly L. Ivors 

Authorized Organizational Representative

Signature (for optional use) 

According to the Paperwork Reduction Act of 1995, an agency may not conduct or sponsor, and a person is not required to respond to a collection of information unless it displays a valid OMB 
control number.  The valid OMB  control number for this information collection is 0524-0039.  The time required to complete this information collection is estimated to average 1.00 hour per response,



BUDGET Narrative 

Jones and Momol 
Year 1 Year 2 Cumulative 

Salaries 32,651 32,997 65,648 
Consumables 5,500 5,500 11,000 

Travel (Domestic) 1,600 1,600 3,200 
Total 39,751 40,097 79,848 

Year 1. 

A. Salaries and Wages 
B. Fringe benefits for line A  
E. Materials and Supplies 
The consumables for field plots will consist of plastic mulch, irrigation system, 
stakes, fertilizers, pesticides, fumigants, flags, and tags which is $ 4,000 (4 field 
experiments) and lab supplies will include Petri dishes, growth media, antibiotics, 
and others chemicals, and is $1,500 per year 
F. Travel (Domestic) 
Funds are requested for travel to research plots between Gainesville and Quincy 
(10 trips, $100/trip $1000) and to travel to one national meeting (American 
Phytopathological Society Annual Meeting 2005 Summer, $400 in airfare,  $200 
hotel rooms for a total cost of $1,600 to present information derived from this 
project.

Year 2.   

A.  Salaries and Wages 
B. Fringe benefits for line A  
E. Materials and Supplies 
The consumables for field plots will consist of plastic mulch, irrigation system, 
stakes, fertilizers, pesticides, fumigants, flags, and tags which is $ 4,000 (4 field 
experiments) and lab supplies will include Petri dishes, growth media, antibiotics, 
and others chemicals, and is $3,000 per year 
F. Travel (Domestic) 
Funds are requested for travel to research plots between Gainesville and Quincy 
(10 trips, $100/trip $1000) and to travel to one national meeting (American 
Phytopathological Society Annual Meeting 2006 Summer, $400 in airfare, $200 
for hotel rooms for a total cost of $1,600 to present information derived from this 
project.



Ivors and Louws 

Year 1. 
Salaries and Wages –total $10,000
One technical assistant will assist with this project. The department of plant pathology will 
employ this assistant. Salary is requested for part-time hours at $16/hr for 625 hours. The 
objectives of this work will require a technical employee that is qualified in doing basic and 
applied greenhouse and field labor encompassing plant pathology and pesticide application. The 
employee has a background in agriculture and experience handling pesticides and fertilizers. 
Fringe Benefits –total $885
Fringe benefits are requested for the technical assistant at the rate of 8.85%. 
Materials and Supplies –total $6,600
Supply money ($6,000) is requested to cover the cost of greenhouse and field supplies including 
fungicide safety items such as tyvek suits, gloves, respirators and cartridges; also stakes, flags, 
plastic sample bags, herbicides, fertilizer, trays and potting mix and heating pad for seed 
germination, irrigation tubing and emitters, black plastic mulch, and gas used to power the back 
pack sprayers for pesticide applications. In addition, supply money ($600) is also requested to 
cover the cost of laboratory supplies such as petri dishes, powdered media and antibiotics. 
Travel –total $2,950
Funds are requested to support travel costs associated with: transportation of equipment to the 
field site, located within 2 miles from the station ($150), transportation from Fletcher to Raleigh 
(main campus location for NCSU) ($500), and for travel of 2 grant personnel ($1150 each) to 
one national meeting (American Phytopathological Society Annual meeting) to present and 
exchange data related to this project. 

Year 2. 
Salaries and Wages –total $11,250
One technical assistant will assist with this project. The department of plant pathology will 
employ this assistant. Salary is requested for part-time hours at $18/hr for 625 hours. The 
objectives of this work will require a technical employee that is qualified in doing basic and 
applied greenhouse and field labor encompassing plant pathology and pesticide application. The 
employee has a background in agriculture and experience handling pesticides and fertilizers. 
Fringe Benefits –total $996
Fringe benefits are requested for the technical assistant at the rate of 8.85%. 
Materials and Supplies –total $6,600
Supply money ($6,000) is requested to cover the cost of greenhouse and field supplies including 
fungicide safety items such as tyvek suits, gloves, respirators and cartridges; also stakes, flags, 
plastic sample bags, herbicides, fertilizer, trays and potting mix and heating pad for seed 
germination, irrigation tubing and emitters, black plastic mulch, and gas used to power the back 
pack sprayers for pesticide applications. In addition, supply money ($600) is also requested to 
cover the cost of laboratory supplies such as petri dishes, powdered media and antibiotics. 
Travel –total $2,650
Funds are requested to support travel costs associated with: transportation of equipment to the 
field site, located within 2 miles from the station ($150), transportation from Fletcher to Raleigh 
(main campus location for NCSU) ($500), and for travel of 2 grant personnel ($1000 each) to the 
International Tomato Disease Workshop (2007) to present the final results of our project.


