
PROJECT DESCRIPTION 
(a) Problem, Background and Justification 

Introduction 
Tomato as a crop.  Tomatoes are an important part of a diverse and balanced diet.  One medium 
fresh tomato (135g) provides 47% RDA of Vitamin C, 22% RDA Vitamin A and 25 calories 
(135g).  Tomatoes are rich in the anti-oxidant lycopene, a compound that protects cells from 
oxidants that have been linked to cancer.  Tomato ranks number one in contribution to diet in the 
United States because of the large quantities consumed. 

Tomato is an important crop in North America.  Production occurs in Canada, the United States, 
and Mexico, comprising a total of 775,000 acres.  Tomato is also an important vegetable crop in 
NE states, including NY, NJ and PA.  The acreage in PA, NJ, and NY was 11,000 A with a value 
in excess of $68 million during 2002 (USDA Statistics, 2002).  In PA, tomato is the second most 
important vegetable crop, with annual farm value of ~$26 million, where it is grown both for 
both processing (~$6 million value) and fresh-market (~$20 million value) uses.  PA ranks #5 in 
the nation in total production of fresh market tomatoes, and #8 in total production of processing 
tomatoes (USDA Statistics, 2002).  While large-scale production of tomatoes is no longer 
common in NY, tomatoes are produced by most of the diversified fresh-market vegetable 
producers, and total value is also significant (ca. $24 million). 

Problems caused by Late Blight (LB) and Early Blight (EB).  LB and EB cause severe losses of 
tomato production when the environment is favorable to the pathogens.  In the NE in both 2003 
and 2004, LB and EB were major problems for tomato production, and heavy losses were 
sustained.  These diseases are a high priority for both NY and PA (see letters of support from NY 
and PA Vegetable Grower’s Associations, and from individual growers and IPM Educators). 

LB is a foliar/fruit disease that occurs throughout tomato growing regions of North America with 
varying frequency, depending on whether weather conditions are favorable. The magnitude of 
the problem of controlling LB is reflected in it’s being identified by grower groups throughout 
the country as a major pathogen.  In NY LB occurs yearly, but the intensity of the disease and 
the races of the pathogen found can vary with year and conditions.  In PA, LB does not occur as 
often as EB; however, when LB occurs it is much more devastating than EB.  In 2004, LB was 
confirmed in at least 26 PA counties.  Some commercial organic planting and many home garden 
plantings of tomato in PA were destroyed by the sudden occurrence of LB in the eastern and 
south central part of the state.  Significant losses also occurred in some commercial plantings 
when fungicides could not be applied at some critical times due to extended rainy periods.  In 
addition, growers who applied fungicides as needed to save the crop in 2004, ended up applying 
many more fungicides than usual to attain this control.  Up to 20 sprays were needed in some 
areas as compared to an average of about eight sprays (MacNab, 2004b, c, d).  The same 
scenario was also played out in parts of NY and NJ during the 2004 season. 

EB, caused by Alternaria solani and A. tomatophila, is annual problem and is the most common 
foliar disease in the eastern, mid-Atlantic, and mid-western states.  Early blight in upstate New 
York typically occurs between the middle and end of July (Zitter and Drennan, 2003; 2004), and 
in central Pennsylvania between mid-July and mid-August (MacNab, 2003; 2004a).  Weather 
conditions are generally favorable for disease development, resulting in plant defoliation in 
excess of 60% in the unsprayed control plots (Zitter and Drennan 2004).  EB occurs annually 
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throughout PA.  In the absence of fungicide use, yield loss is estimated at 30% and fruit size 
reduction is estimated at 10%.  From five to 10 fungicide applications are typically needed to 
control EB in PA.  NE style plants, with limited foliage, concentrated fruit set and early maturity, 
are more susceptible to EB (Douglas and Pavek, 1972; Vloutoglou and Kalogerakis, 2000). 

The Vegetable IPM Working Group of the Northeastern IPM Center created a list of prioritized 
IPM needs for NE vegetable commodities (http://northeastipm.org/work_vegepriority.cfm).  
Members of the panel represented nine northeastern states, and Stakeholders represented by this 
group include growers, crop consultants, processors, departments of agriculture, university 
researchers and extension specialists, and environmentalists.  The evaluation of the situation as 
pertains to late blight and early blight is summarized in Table 1. 

Table 1.  Evaluation of damage and control of Phytophthora and early blight on solanaceous 
crops, excerpted from http://northeastipm.org/work_vegepriority.cfm
   Influence on Pesticide  

Region 
Crops 

affected 
Influence on 
Yield/Quality 

Availability 
of controls 

Pesticide use 
patterns Concern 

3 3 3 3 2 Phytophthora of all the cucurbits, 
beans, and solanaceous crops. 

3 1 3 2 3 Fungal pathogens (like early blight) 
on solanaceous crops. 

Region:  1 – only a limited region; 2 parts of the region; 3 across the entire region 
Crops Affected:  1 few; 2 many; 3 most 
Influence on Crop Yield/Quality:  1, some loss in yield and quality; 2 significant reductions in quality or yield for 

part of the season; 3 historically devastating crop loss in one or more crop 
Availability of Controls:  1 adequate; 2 some; 3 few; none, or cost prohibitive 
Pesticide Use Patterns:  1 low; 2 medium; 3 high  
 
Clearly, both LB and EB were identified, on a regional basis, for their importance for tomato 
production.  Similarly, calls for research dealing with the need for resistance to both diseases 
were released in the last 3 years (see below).  In short, there is a growing call for the developing 
more effective LB and EB control strategies with less reliance on pesticides. 

• 2005 NYS IPM program call for proposals 
(http://www.nysipm.cornell.edu/grantspgm/rfp_ag/03rfp/index.html): includes Breeding for 
resistance to multiple disease of tomato; Demonstration/research projects using TOMCAST 
forecasting system for tomatoes. 

• Call for proposals by the Pennsylvania Vegetable Marketing and Research Program in 
cooperation with the Pennsylvania Vegetable Growers Association for research grants for 
2005.  Special priority will be given to projects involving the state's three major processing 
crops, namely snap beans, tomatoes, and sweet corn.  Especially for tomato, disease control – 
late blight; bacterial canker and spot prevention and control; resistant varieties. 

• At a recent Tomato IPM Workshop held with commercial growers, diseases which growers 
listed as most important were early and late blight of tomatoes (IPM Workshops, Cornell 
Cooperative Extension, 2003). 

Characteristics of the late blight pathogen, the disease it causes.  P. infestans (deBary), 
literally translated plant destroyer, is a member of the Oomycetes, a group of organisms 
sometimes referred to as the "water molds" with a phylogenetic relationship with some algae.  
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The success of P. infestans as a pathogen originates from effective life cycles both in the asexual 
stage and the sexual stage.  P. infestans produces thousands of sporangia per lesion (asexual 
spore) on sporangiophores which are indeterminate, allowing the fungus to continue growing and 
producing sporangia, and aid in air dispersal of the sporangia, using wind, rain, or wind-blown 
rain for movement.  The sporangium can germinate directly at temperatures above 15 C and 
develop quickly on leaf, stem, and fruit tissue.  Depending on environmental conditions, 
regeneration time can be rapid and the entire cycle repeated in 5 to 7 days. 

LB first appears on tomato foliage as pale green to brown lesions that may cover large portions 
of leaves.  In moist weather a ring of white, moldy growth is present around margins of the water 
-soaked lesions that develop.  Infected foliage shortly becomes brown and rapidly dies resulting 
in extensive amount of defoliation.  Fruit lesions appear as dark, olivaceous, greasy spots that 
eventually turn a chocolate brown in color, making them unmarketable. 

Within the past 9 years new immigrant forms of P. infestans have appeared on tomatoes, and 
they have become dominant in the pathogen population (Table 2.).  Previously, US-1 and US-6 
were predominant in most potato and tomato fields, but these lineages have not been detected 
recently.  In their place, US-7 and US-8 became dominant, especially for potato and in some 
cases for tomato (Coffey et al., 1996; Fry and Goodwin, 1997).  New genotypes such as US-11 
and US-17 were particularly destructive for commercial tomato production in the mid- to late 
1990s.  More recently, several unidentified genotypes were particularly aggressive on tomato.  
During the early 2000s, US-8 has become common in most states in the NE (PA, NJ, and NY).  
The decline in frequency of the US-1 clonal lineage and the predominance of more lineages that 
differ from each other and from the US-1 lineage indicate that there is now much greater genetic 
diversity in populations of P. infestans than at any time in the past (Fry, 1998). 
 
Table 2.  Recent clonal lineages of P. infestans detected in the United States and Canada.  (US-1, 
US-6, US-7, and US-8 have been locally predominant, and US-8 has been nationally 
predominant since 1995 for potato; for tomato, US-7, US-8, US-11, US-17, and unknown 
lineages predominate). (Adapted from Fry, 1998) 

Lineage MT1 Met2 Spec3 Gpi Pep Dates4

US-1 A1 S P(t) 86/100 92/100 ? - 1997 
US-6 A1 R P-T 100/100 92/100 1980s-93 
US-7 A2 R P-T 100/111 100/100 1992 - present 
US-8 A2 R P(t) 100/111/122 100/100 1992 - present 

US-11 A1 R (P-T) 100/100/111 100/100 1994-1998 
US-17 A1 R T (p) 100/122 100/100 1996-97, NY 

Unknown A1 R T ? ? 2000, NY 
Unknown A2 R T 122/122 ? 2003, NJ 

1 MT is the mating type (A1 or A2). 
2 Met refers to metalaxyl (Ridomil) sensitivity:  S = sensitive; R= resistant. 
3 Spec refers to pathogenic specialization.  Some isolates are primarily pathogens of potatoes (P), and others are 
pathogens of both potatoes and tomatoes (P-T).  The US-1 clonal lineage contained a few individuals that were 
pathogenic on both potatoes and tomatoes, but most were pathogenic mainly on potatoes.   
4 Dates refers to the time during when these lineages were common.  The US-1 clonal lineage seems rare since 1993.  
The US-6 lineage has declined in frequency since 1993.  Lineages US –12, 13 and 14 are not included in the table as 
they appeared in only 1 field in 1994. 

P. infestans is a heterothallic organism with two known mating types, A1 and A2.  When 
mycelia of the two mating types interact, sexual propagation by means of oospore formation may 
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occur.  Oospores are large, thick-walled spores which enable the fungus to survive in plant debris 
or soil outside the living host plant.  Until recently, only mating type A1 was present in potato-
growing areas outside Mexico, so sexual reproduction did not play a significant role in the 
disease cycle (Goodwin et al., 1992).  This now has changed as both mating types have been 
reported in many production areas (Goodwin et al., 1998).  The subsequent genetic diversity and 
new capability of oospore survival will make disease management efforts even more difficult in 
the future.  The introduction of metalaxyl-insensitive genotypes has renewed interest in 
alternative fungicides or methods for late blight control.  Presently, growers rely on multiple 
fungicide applications. 

Characteristics of the early blight pathogen, the disease it causes.  EB is an annual problem 
and is the most common foliar disease and fruit rot in the eastern, mid-Atlantic, and mid-western 
states.  Heavy dews, humid weather and abundant rainfall are essential for heavy disease 
pressure.  EB is most severe on plants stressed by a heavy fruit load, nematode attack, or low 
nitrogen fertility (Rotem 1994).  The disease typically begins in the lower canopy and progresses 
upward as fruit set occurs.  Plants with limited foliage, concentrated fruit set, and early maturity 
are more susceptible (Barksdale 1971; Nash and Gardner, 1988).  Defoliation is typically rated 
using the Horfall-Barratt scheme (1945).  Weather conditions are generally favorable for disease 
development, resulting in plant defoliation in excess of 60% in the unsprayed control plots 
(Zitter and Drennan 2004). 

All above ground part of the plant can be affected by EB.  In seedbeds, early blight may girdle 
seedlings causing damping-off.  Leaf symptoms appear about the time of flowering, beginning as 
pinpoint-size brown to black spots, and eventually develop into target or bulls-eye lesions on the 
lower, older leaves, often surround by a yellow halo.  These lesions coalesce to form large dead 
areas in the leaf, which subsequently drop off.  Leaf spots usually appear on the oldest leaves 
first and then progress rapidly up the plant.  The fungus also infects stems and fruit, and on fruit 
this most often occurs just under and around the calyx, making the fruit unmarketable. 

The causal fungus of EB overwinters in the soil in non-decomposed crop debris from previously 
diseased crops of tomato and potato.  The pathogen had traditionally thought to be a single 
fungal species, Alternaria solani Sorauer (Jones 1991).  However, a recent publication (Simmons 
2000) asserted that two morphologically and culturally distinct species were responsible for the 
disease: Alternaria tomatophila Simmons on tomato, and Alternaria solani on potato.  The key 
differences described are in length, widths, and branching patterns of the beaks as well as 
cultural differences.  Subsequent studies (Frazer 2002) confirmed these morphological 
differences and showed that A. tomatophila is more virulent than A. solani on tomato leaves, 
petioles, and stems, although both species can infect tomato.  The isolates Frazer studied came 
from tomato and potato tissue from NY and PA, and with one exception, A. tomatophila isolates 
originated from tomato and A. solani isolates originated from potato.  Frazer also found that 
isolates of A. tomatophila can exist as either light or dark phenotypes when cultured on V-8 agar, 
and can vary in their pathogenicity for tomato in greenhouse studies.  In subsequent field trials, 
Zitter and Drennan showed that the light phenotype was more pathogenic to tomato (2004, 2005) 
when compared to the dark phenotype (2002, 2003).  The light phenotype has also proven to be 
more difficult to control with protectant fungicides (Zitter et al., 2005). 

A. solani and A. tomatophila are members of the Class of fungi Deuteromycetes, Order 
Monilialales, and Family Dematiaceae.  Spore production and lesion enlargement are greatest 
during cool weather, while infection is greatest in warm weather.  Primary infection cycles 
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probably begin by new conidia that are produced on plant debris.  Spores can be disseminated 
over short distances by wind, running water, and implements.  When the spores land on wet 
tomato foliage they will germinate in as little as an hour and infect the leaves.  Leaf spots can 
become visible just 2-3 days after inoculation under optimum conditions.  Within 7 to 14 days, 
depending on numerous weather variables and host vigor, a new generation of spores is formed 
on diseased tissue.  With each new generation, the epidemic spreads in as quickly as 1 month, 
and the disease becomes increasingly difficult to control with fungicides. 

Current control of late blight in tomatoes.  Measures used for LB in tomatoes have involved 
the use of some cultural practices, but most current control measures rely upon heavy fungicidal 
usage.  Cultural controls include the avoidance of introduction of inoculum from nearby potato 
cull piles, avoidance of introducing inoculum from transplant (tomato and petunia) production 
regions, and alerting home gardeners to use control measures to prevent home gardens from 
being an inoculum source for commercial growers.  Chemical control measures can be an 
effective means of managing LB, and are usually guided by forecasts of blight-favorable weather 
conditions, but chemical applications are both time- and cost-dependent, and may be of reduced 
efficacy if weather conditions are particularly conducive for the disease.  Since metalaxyl 
(mefenoxam)-resistant LB isolates exist, LB control relies on protectant fungicides and systemic 
products (Table 3).  Note that not all of these fungicides are currently registered in NY, but are in 
other Northeastern states.  These fungicides have some advantages over the currently registered 
protectant fungicides on tomatoes, but they are not necessarily more effective than protectant 
fungicides when protectants are used preventatively (Fry, 1998).  The advantage offered by the 
systemic fungicides is clearly seen when application schedules are delayed or when disease has 
been introduced into the growing crop.  Copper fungicides are used in organic fresh market 
tomato production; however, copper has been shown to only suppress late blight.  Fungicide 
sprays add a great financial burden to growers.  In PA, for example, the average cost of each 
spray is about $20 per acre, for a total of $200 per season (average of 10 sprays per season).  
That adds up to over $1,000,000 per year in just one state, which when extrapolated over the 
entire county, is a tremendous expense to growers, consumers, and to the economy. 

Table 3.  Control compounds for late blight or early blight and their EIQ ratings  

Compound Disease Product Use rate/A EIQ1

azoxystrobin EB, mainly Quadris F 5-6.2 fl oz 1-3.5 
chlorothalonil EB, LB Bravo Ultrex 1.3-2.75 lb 27-53 

copper EB, LB Kocide 2000 1.5-3 lb 33.3 
cymoxanil + protectant LB Curzate 60DF 3.2-5 oz + protectant 47-932

dimethomorph + protectant LB Acrobat 50WP 6.4oz + protectant 47-932

famoxadone + cymoxanil + protect. LB, EB Tanos 50W 8 oz + protectant 47-932

maneb EB, LB Maneb 75DF  1.5-3 lb 72-96 
mancozeb EB, LB Dithane 75DF 0.75-3 lb 47-93 

propamocarb + protectant LB Previcur Flex 0.7-1.5 pt + protectant 47-932

zoxamide + protectant LB Gavel 75DF 1.5-2 lb 47-932

ziram EB Ziram 76DF 3-4 lb 200-267 
1 2004 NYS Integrated Pest and Disease Control Management Guidelines, Chap. 27 
2 no EIQ listed, estimated by Zitter on basis of protectant. 

IPM specialists today advise crop producers to choose those labeled and efficacious pesticides 
having the lowest possible environmental impact quotient (EIQ) (Kovach et al., 1992).  While 
EIQs have not been assigned to all currently registered fungicides, some of the key fungicides 
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used for tomato production are shown in Table 3.  It is interesting to note, that although new 
chemistry is much safer to the applicator and to the environment, the ‘reduced risk’ fungicides 
such as cymoxanil, dimethomorph, famoxadone, propamocarb, and zoxamide, need to be tank 
mixed with protectant fungicides in order to prevent the development of fungicide resistance.  
Protectant fungicides commonly used on fresh market tomatoes include chlorothalonil, copper, 
maneb and mancozeb, all of which have much higher EIQs. 
 
Current control of early blight in tomatoes.  Control of EB is best achieved by using several 
techniques together.  The disease is best managed on a preventative basis, something that 
growers do not always ascribe to or follow.  Once EB is established in the crop, it is very 
difficult to control.  Cultural practices can reduce the amount of initial inoculum thus allowing 
fungicides to act more effectively.  Cultural practices include: crop rotations of at least 2 years 
out of susceptible crops; use of disease-free tomato transplants; elimination of volunteer tomato 
and potato plants in and around the field before crop establishment; maintaining good host vigor 
via adequate fertilization; and beginning a fungicide spray program at first sign of disease.  Most 
recommendations call for spray applications to be made on a 7 to 10 day interval, with shorter 
interval required if rainfall is frequent or where the history of early blight has been severe or 
when temperatures from 75-85°F prevail.  Tomato growers with land constraints do not follow 
the 2 year rotation minimum, thus creating an annual problem. 

EB control relies on the same compounds use for LB control (Table 3).  All of these chemicals 
function best when applied preventively, before disease has had the opportunity to establish and 
spread.  The protective fungicides chlorothalonil and mancozeb are widely on fresh market 
tomatoes, but mancozeb is not used on processing tomatoes due to FQPA concerns.  More 
recently, systemic fungicides that belong to the strobilurin fungicide class, [azoxystrobin 
(Quadris), pyraclostrobin (Cabrio), and trifloxystrobin (Flint)], have provided excellent activity 
against EB.  Strobilurin compounds are site specific fungicides, binding to the Qo site of the 
cytochrome bc1 complex and as a group are referred to as QoI fungicides.  Although very 
effective initially, strobilurin resistance has been identified for a number of fungi including early 
blight (Bartlett et al., 2002).  Frazer and Zitter (2003) identified EB isolates from NC tomatoes 
that were resistant to Quadris.  Two newer fungicides, Tanos (Table 3) and Reason (not yet 
registered in the US) are also QoI fungicides, and should be tank mixed or alternated with 
protectants.  We have also demonstrated that repeated use of chlorothalonil, without rotating to a 
fungicide with a different mode of action, can lead to reduced effectiveness in control EB in 
tomato (Zitter and Drennan, 2004; 2005).  A similar loss in efficacy for the control of EB was 
observed in potato. 

Recently, biofungicides consisting of microbial agents like Bacillus subtilis (Serenade) and 
Bacillus pumilus (Sonata) have been introduced for EB control, and offer the potential for use of 
products that are more environmentally friendly.  Serenade, is apparently effective against 
several crop-damaging pathogens, including EB; a new organic formulation has recently been 
approved.  Copper fungicides are also approved for use by organic tomato growers. 

In 2002 and 2003 as part of a USDA-CAR grant, we evaluated the use of Sonata alone (2002) 
and Serenade + Kocide (2003) for their effectiveness in controlling EB on different tomato 
genotypes (Zitter et al, 2005).  The genotypes selected represented homozygous early blight 
resistant (EBR), heterozygous EBR, or fully susceptible lines.  The Sonata treatment failed to 
provide adequate protection for any of the tomato lines, despite using the less virulent, dark 
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phenotype of A. tomatophila.  However, in 2003 when the test was performed using the light 
phenotype of A. tomatophila and testing the combination of Serenade + Kocide, good control of 
EB was achieved for both the heterozygous and homozygous EBR lines.  This suggests that the 
level of resistance in these lines can successfully be utilized in NE-adapted varieties, when 
adequate protection is provided. 

Resistance to Late Blight.  Genetic resistance to LB has been of interest for years.  The first 
resistances found, Ph1 and Ph2, were of limited value.  The resistance of Ph1 is too narrowly 
race specific.  The resistance conditioned by Ph2 is also narrowly focused, and provides a 
reduction in the rate of disease development, rather than a block to disease development.  A 
newer source (Ph3), from a L. pimpinellifolium accession, was found by Dr. L. Black, AVRDC 
(AVRDC Reports, 1993, 1994).  Breeding programs at the AVRDC, North Carolina and Cornell 
proceeded to attempt to transfer the resistance to fresh market and processing tomatoes, and in 
the process, to test the efficacy of the resistance and determine its genetic control. 

The breeding programs used traditional sexual transfer of the LB resistance of L pimpinellifolium 
L3708.  Space limitations preclude a full description of the breeding strategies used.  The 
breeding programs at Cornell and North Carolina have succeeded in transferring the resistance to 
tomato lines that are very close to elite inbreds for use in hybrid production for processing and 
freshmarket tomatoes.  (The Cornell LB breeding program was funded, in part, by 4 years of 
support from a processing group [California League of Food Processors] which had identified 
the need for LB resistant varieties to prevent large losses, like those that occurred in the late 
1990’s in California.)  The performance of the resistance is illustrated in Fig 1.  In retrospect, the  
 

 
On 9/26 the susceptible control was 
completely defoliated and stems had large 
lesions.  The isolate used, US-7, was a 
severe form, so any tomato lines lacking 
full late blight resistance would be as 
severely diseased as this control. 

 
 Resistant selection in a 1999 field trial.  
Note that on 9/26 the foliage of the 
resistant line was still healthy, green, and 
largely lacked foliar lesions. 
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key to transferring the full resistance in breeding has been screening the selections with a range 
of isolates, rather than relying on a single isolate or the existing races in one region, and use of a 
combination of field screens and lab screens to ensure that selections had broad resistance across 
races.  The NC LB resistant, fresh market tomato breeding lines are also resistant to Verticillium 
wilt, Fusarium races 1 and 2.  A newer NC line also has resistance to EB (discussed below).  
However the NC lines are all very late, by NE standards.  The Cornell processing tomato lines 
combine LB resistance with very good plant and fruit quality, and standard resistance genes for 
control of Verticillium wilt, Fusarium races 1 and 2, bacterial speck, and nematodes (Ve, I2, Pto, 
Mi).  Three of the original 7 Cornell lines are early, the other 4 are quite late.  The Penn State 
Tomato Breeding Program has also identified new sources of LB resistance, which are currently 
being incorporated into acceptable fresh market and processing tomato lines.  The resistance to 
LB results in full protection of the foliage, stems and fruit.  Images showing the typical degree of 
late blight resistance obtained in field and lab test trials are shown in Figure 1a, b. 

The genetic data accumulated in the process of transferring the trait to cultivated tomato strongly 
indicates that the resistance from L pimpinellifolium L3708 is controlled by more than one gene, 
which may be interactive in their effects.  If full resistance of both genes is transferred, the 
resistance holds up to a broad range of races of LB.  If only the Ph3 gene is transferred, 
resistance is narrower in the range of races controlled.  Resistance is also weakened if used in  

Resistance to Early Blight.  The development of EBR tomato lines has been an on-going 
breeding process, especially for the development of material suitable for use in the eastern US.  
Foliar resistance, derived from PI 126445 as a selection of Lycopersicon hirsutum, was used in 
the development of line NC EBR-1 (Nash and Gardner, 1988).  Line C1943, released by the 
Campbell Institute of Agricultural Research, and was used in the development of NC EBR-2, a 
line with a high level of stem lesion resistance (Gardner, 1988).  Both of these lines were 
subsequently used in the development of Mountain Supreme, a fresh market hybrid with 
moderate resistance to foliar blight and a high level of resistance to the stem lesion phase 
(Gardner and Shoemaker, 1999).  The genetic data accumulated in the process of transferring the 
traits to cultivated tomato strongly indicates that the resistances are each probably controlled by 
one gene.  The EBR results in protection of the stem and fruit.  In milder climates, including 
North Carolina, this resistance also gives moderately good protection of the foliage; however this 
is not seen in the cooler conditions of the NE.  To date there is no evidence indicating races of 
EB other than the two phenotypes that we have identified.  Thus is it is unlikely that this 
resistance will be overcome. 

Initial tests of use of resistant tomato lines.  We (Mutschler and Zitter) have now completed 
two years of testing (2002-2003) the L. hirsutum-derived EBR and with fixed resistance for LB 
as part of our NYS IPM trials, with funding from the USDA-CAR program.  The results are 
presented on the Vegetable MD Online web site at 
http://vegetablemdonline.ppath.cornell.edu/Home.htm.  We confirmed that incorporating EBR 
should be homozygous, rather than heterozygous, in order for the resistance gene to express 
optimal level of disease control.  Heterozygous hybrids were just not sufficiently resistant under 
severe disease pressure (light phenotype of A. tomatophila) experienced in our 2003 trials.  We 
demonstrated that lines homozygous for the EBR can control EB with less fungicide or with the 
use of milder control agents, and that these lines homozygous for the LB resistance, can 
controlled LB without any fungicide applications.  These results were confirmed again in 2004, 
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when, without any added fungicide protection, and testing with the most virulent isolate of A. 
tomatophila, the homozygous lines had less than 20% defoliation while the comparable 
susceptible lines had 80% defoliation.  The resistance lines showed no stem lesions, and the fruit 
remain healthy till the end of September.  No LB infection occurred despite being present on 
susceptible checks. 
 
Objectives 
LB and EB have resulted in numerous epidemics of tomatoes throughout North America, causing 
considerable loss of yield and crop quality.  Presently, NE growers rely on multiple fungicide 
applications to achieve the current levels of disease control.  New immigrant forms of P. 
infestans have introduced both metalaxyl-resistance and the capability of oospore survival, which 
will make LB disease management even more difficult.  Recent research has also demonstrated 
the greater challenge of controlling EB disease caused by the light variant of A. tomatophila.  All 
of these factors have generated considerable interest in alternative methods for LB and EB 
control. 

The recent creation of tomato inbred lines possessing LB resistance and/or EB resistance created 
the opportunity to restructure integrated strategies for the control of these diseases.  Prior work 
funded by USDA CAR has defined some of the parameters for a coordinated control strategy 
using the available resistance and control compounds.  Integration of genetic resistance and 
reduce risk fungicides and biological controls are urgently needed.  For the NE growers to use 
this approach, these resistant lines and strategies must also fulfill the needs of the shorter, cooler 
season characteristic of the NE growing regions.  Our goal is to finalize the development of the 
tomato lines possessing resistance to LB and EB, then to test the best of these lines under 
traditional and organic growing systems.  This work will result in the development of a 
coordinated total disease control program for NE tomato production using the genetic resistance 
to provide more reliable disease control and also significantly reduce reliance on chemical 
control.  Specific objectives of the proposal are: 

Objective 1.  Identify appropriate LB and EB resistant lines for use in regional trials and 
possible release. 

a) The NY breeding program has recently created 32 LB and EB resistant breeding lines, 
which is more than we could include in regional trials.  This abundance of material is 
advantageous, since it allows selection of the materials with optimal horticultural 
characteristics for the NE.  All of the available lines will be tested for maturity and key 
horticultural characteristics to allow selection the best subset of the lines for inclusion in 
regional testing.  This work would be considered a “research” component of the proposal. 

b) The NY breeding program has an additional 17 processing tomato lines fixed for late 
blight resistance, and selected for early blight resistance, but not yet tested to determine 
whether the early blight resistance is fixed.  Since this group includes lines with some of the 
earliest maturities and very good fruit quality, it is highly desirable to perform EB screening 
on this material in year 1 to allow inclusion of some of these lines in the regional trials.  This 
work would be considered a “research” component of the proposal. 

c) The PSU tomato breeding program has been developing fresh market as well as processing 
lines with improved EB resistance.  All lines have also been selected for early maturity 
(suitable for NE production), improved fruit quality (in particular high lycopene content), and 
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adaptation to PA conditions.  These lines are particularly high yielding under PA conditions, 
compared with lines developed elsewhere.  However, currently there are too many lines 
(~500) to be considered for inclusion in regional trials.  Thus, the first year we will further 
evaluate these lines at PSU experimental station to identify a subset for regional evaluations 
in the second and third years. 

d) The PSU tomato breeding program has also identified new sources of LB resistance within 
L. pimpinellifolium and has developed recombinant inbred lines with strong LB resistance.  
Currently, introgression of these new sources of LB resistance into fresh market and 
processing tomato genotypes are underway.  In the second and third years of this project we 
might be able to include some genotypes in regional trials. 

 

Objective 2.  Test EB and LB resistant lines in regional trials to determine their performance and 
utility in traditional and organic systems. 

Regional trials will be run in both NY and PA to determine the utility of the resistant 
breeding lines developed at CU and PSU.  This work will determine which of these lines best 
fit the needs of NE tomato production, the levels of control provided by these lines, and how 
best to deploy these lines.  Additionally, the observations will guide the release of the tomato 
lines, or indicate what additional modifications of the lines are needed to gain acceptability.  
The trials will also be used in demonstration plots for the work in objective 3.  In PA, the 
trials will be conducted in at least in two counties, but most likely in more counties, as 
described below under “Approach and Procedure” Objective 2. 

Objective 3.  Release materials and information to enable NE growers to use the new strategy. 

The information generated by this work will be provided to extension personnel and growers 
through a variety of channels including publication or articles, and the web site 
http://vegetablemdonline.ppath.cornell.edu/Home.htm, presentations at demonstration days 
held at the research plots, and at stakeholder meetings in both states.  The tomato lines will 
be released through appropriate channels to promote their use.  Complete information will be 
provided to seed companies along with the releases to guide their use of the materials in 
developing and releasing varieties for use in NE. 

In summation, this project will meet the goal of addressing complex pest management priorities 
in NE tomato production.  It is multi-state, multi-institutional, and multi-disciplinary.  This work 
will be accomplished by the coordinated efforts of a team of university research and extension 
faculty cooperating with stakeholders.  The individuals involved with this project represent plant 
breeding and plant pathology, with cooperation of stakeholders, including tomato growers and 
processors in NY and PA (see the attached letters of support).  The cooperation is built upon 
prior successful collaborations among subsets of the team, insuring successful cooperation and 
coordination for this project.  The work includes an integration of research and extension. The 
problems being addressed, LB and EB, affects an important crop, tomatoes, which is grown on 
small-, mid-sized farms in the NE.  The work will benefit both traditional and organic operations.  
The results will have utility in regions in which the work is done, as well as additional regions 
within the NE.  Research to develop better management practices will result in increased farm 
efficiency and profitability, as well as pesticide reduction and resultant benefits for the 
environment. 
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Approach and Procedures 
Approach and Procedures for Objective 1.  Determine materials to be used in regional testing  

a) Ithaca (NY) trials, year 1  
1.  Screen candidate lines to determine best lines to include in regional trials.  There are more 
resistant breeding lines than it would be feasible to include in regional trials.  The Cornell 
program has 24 fresh market lines and 8 processing/plum tomato lines confirmed to be fixed for 
both LB and EB resistance.  This abundance of material is advantageous, since it allows 
selection of the optimal material for the regions trials in the NE.  As crucial as LB and EB 
resistance will be, they are not the only characteristics a line must have to fill the needs of NE 
tomato growers.  Plants must have appropriate maturity for our short growing season as well as 
desired horticultural characteristics.  These tests must also determine the uniformity of the lines 
for earliness/maturity, since some of the lines are recent enough in development to have residual 
variation for this trait. 

Trials will consist of randomized complete block designs with 3 replications of 10-plant plots. 
The 32 LB and EB resistant lines and early and late maturity fresh market and processor control 
lines will be included in the trial.  Plants will be seeded in late April/early May and transplanted 
in early June.  To have a fair comparison of horticultural potential with the disease susceptible 
control varieties this trial will be perform at a location at which the disease is controlled, rather 
than a disease testing plot.  Earliness will be determined by biweekly reading of fruit ripening 
data starting when fruit of the early control varieties start ripening.  Yield, fruit size and quality 
characteristics will be determined in a yield trial performed in late august (when early varieties 
are approximately more than 75% ripe, and main season varieties are approximately 50%).  Data 
will also be collected on ripe and green fruit, providing another measure of maturity. 

The results of this first year trial will indicate the best subset of materials for inclusion in 
regional testing The first year trials will also increase seed to provide materials for the regional 
trials in year 2 and 3.  This work would be considered a “research” component of the proposal. 

2. Screen additional processing lines for uniformity of EB resistance. 

Trials will be performed at the Plant Pathology farm in Freeville, NY, to permit EB inoculation.  
The trials will consist of randomized complete block designs with 3 replications of 5-plant plots.  
Spreader rows both within and ringing the trial are used to insure uniformity and spread of 
disease.  The lines to be included are the 17 processing tomato lines to be tested for fixed EB 
resistance and appropriate resistant and susceptible controls.  Plants will be seeded in late 
April/early May and transplanted in early June.  Plots will be inoculated with the most severe 
strain, A. tomatophila light phenotype, in mid-July.  Overhead irrigation will be used if needed to 
establish infection.  Plots will be rated weekly for EB development to determine which of the 
lines are and are not segregating for the resistance.  The ratings used evaluate both stem lesions 
and defoliation.  The trial will also support some evaluation of horticultural characteristics within 
the lines that are fixed for the EB resistance, and permit seed increase from these selected lines. 

The results of the first year trials will allow selection of additional processing lines fixed for both 
EB and LB for inclusion in regional testing, and support increase of seed for use in the regional 
trials.  The work in section 2. will permit better representation of processing/plum types in the 
regional trials in years 2 and 3 than would be possible with the lines included in section 1. above.  
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This work would be considered a “research” component of the proposal. 

b) Rock Springs (PA) trials, year 1  
Trials in Rock Springs (PSU Research Farm) will be more or less similar to that described in 
above for Ithaca (NY), with some exceptions as follow.  The Penn State tomato breeding 
program has focused mainly on breeding for EB resistance, as EB occurs in PA every year.  The 
program has also initiated breeding for LB resistance, although the materials are at earlier stages 
compared to EB resistance genotypes.  Currently, we do have approx. 500 fresh market and 
processing tomato genotypes with good EB resistance, earliness in maturity, and impressive 
yielding ability and fruit quality.  Additionally, we have developed recombinant inbred lines with 
strong resistance to LB along with a few populations that are still segregating for LB resistance.  
In year 1, the EB and LB resistance materials will be grown in replicated yield trials in Rock 
Springs.  At Rock Springs, normally we do not inoculate for EB as the disease occurs naturally, 
and at a consistently high level every year.  However, if for any unforeseeable reason (which is 
highly unlikely) we did have to inoculate, we will do so as we have done sometimes in the past.  
However, we will grow EB susceptible spreader rows as needed.  Plants will be evaluated for 
disease resistance, maturity, yield, fruit quality and other desirable horticultural characteristics.  
The LB resistant lines and segregating populations will be grown under field conditions as well 
as in high tunnels.  These materials will be inoculated with isolates of LB and may be sprayed 
for the control of EB development.  We have had good experience with evaluating for LB under 
high tunnel conditions in the field.  Based on these trials, we will select a subset of EB resistance 
lines and LB resistant genotypes for further evaluation and regional trials in year 2.  The first 
year trial will also allow seed increase for regional multi-state trials in year 2.  This work would 
be considered a “research” component of the proposal. 

Approach and Procedures for Objective 2.  Regional testing of lines with LB and EB 
resistance. 
a) Albany area trials, year 1.  While the work in objective 1 is being performed to select lines 
for full scale regional trials in year 2 and 3, the first regional trials will also be performed in 
several locations to test method and protocols.  The trial in Albany will be run without 
inoculation, and on both conventional and organic farms.  The lines used will be LB-resistant 
processing tomato lines of early and late maturity, and the moderate maturity hybrids created by 
crosses these parents, a late maturity EBR fresh market line, and EBR and LBR fresh market 
line.  Appropriate susceptible controls will also be used.  The trials will consist of randomized 
complete block designs with 3 replications of 5-plant plot.  The materials to be tested in year one 
in NY include early and late maturity LBR processing/plum tomato lines, and the mid-season 
hybrid created by crossing the early and late lines.  Appropriate processing tomato controls will 
also be used.  In addition, a very late maturity LBR and EBR NC line and related fresh market 
susceptible controls (one EBR but not LBR, and the other susceptible to both diseases) and an 
early maturity LBR line will also be included.  The choice of these materials brackets maturities 
in fresh market and in processing tomato types.  The year 1 trials in Albany will gather the 
preliminary data needed to test the disease levels possible, the types of materials that perform 
well in these areas and systems, how the growing systems might affect running the full scale 
trials in years 2 and 3, and how to configure larger tests in years 2 and 3. 

 
b) New York, Year 2 and 3: full scale trials using lines selected in objective 1, on both 
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conventional and organic farms. 
The regional trials in NY in year 2 and 3 will be full scale trials.  The NY (Albany) tests will be 
conducted at two locations: traditional growing system on research farm, and organic system 
with a grower-cooperator.  No inoculation will be used at the Albany area locations.  This is 
extension related work.  Another replicate of the trial will be performed in Ithaca using 
conventional growing system but will be inoculated.  This is needed, since we cannot predict 
pressure of natural infection from year to year in the other site.  The experiments will be 
conducted at Freeville, NY and inoculated with the light phenotype of A. tomatophila and the 
appropriate LB genotype (US-11 or 17).  This part of the plans includes both research- and 
extension-related work. 

For all three of these trials, the tomato lines to be included will be selected based on results in 
year 1.  They will most likely include 12 resistant lines plus control lines.  The number of entries 
than can be included, and the size of trial, depend on funding.  Lines to be tested will be shared 
between the NY and PA programs to test the selected materials as widely as possible.  The trials 
will consist of randomized complete block designs with 3 replications of 10-plant plots. 

The trials will be evaluated for disease control, assess maturity of lines, as well as their 
horticultural characteristics (any flaws to correct).  The personnel at all of these locations are 
experienced with running these types of trials.  No difficulties are expected, other than the 
uncertainty with any field trial as to whether the weather conditions that year will be favorable.  
During the trials, the blight cast data will be monitored from the web site to check the probably 
disease pressure during the trial. 
 
c) Pennsylvania, Years 2 and 3: full scale trials using lines selected in objective 1, on both 
conventional and organic farms. 
In PA, the trials will be conducted in Research Farms in at least two counties, Center County 
(Rock Springs, Penn State Research Farm) and Lancaster County (Manheim, in collaboration 
with Dr. David Johnson, Sr. Research Assoc., SE Agric. Res. Ext. Center, Penn State; see the 
attached letter of support from Dr. Johnson).  However, depending on the availability of funding 
and the number of lines selected in year 1 in both NY and PA, we will conduct trials in other 
counties, including Washington County (SW of PA, in collab. with Lee Young; see attached 
letter of support), Lackawana County (NE of PA, in collab. with John Esslinger; see attached 
letter of support), and Erie County (NW of PA, in collab. with Andrew Muza; see attached letter 
of support).  As can be seen from the attached letters of support, several Extension Agents or 
County Extension Directors have indicated their interest in cooperating in this project.  In 
addition, several growers around the state have voiced their desire to grow and test blight 
resistant tomato lines recently developed by the co-PI Majid Foolad (see attached letters of 
support by the PA Vegetable Growers Association and PA Vegetable Marketing and Research 
Program).  In all counties, trials will be conducted under farmers conditions (farmers plots), as 
indicated in the support letters.  The number of lines and field plots will be similar to those 
described in the previous section for NY trials, however, in PA no inoculation will be made for 
EB development (as often there is no need for that) and inoculation for LB will be made only in 
research farms, if needed.  All trials in farmer’s plots will be under farmers conditions to allow 
comparison of our derived lines with those commercially available.  Furthermore, we will try to 
evaluate the lines under both conventional and organic conditions. 
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Approach and Procedures for Objective 3.  Release materials and information to enable 
NE growers to use the new strategy.
The information generated by this work will be provided to extension personnel and growers 
through a variety of channels.  The extension cooperators working with this project will interact 
with their grower networks to inform growers of the project and its status, to use the trials as 
demonstration plots for field days, and to engage growers in trials as they are in process.  One 
demonstration day will be held in NY near a large group of stakeholders, so we can share our 
plans and findings with stakeholders and ask for their feedback and comments.  There will also 
be a Vegetable Field Day in Rock Springs (PA) every other year, and we will use this avenue to 
demonstrate the derived lines in field plots.  We expect the information generated will be closely 
followed by organic operations.  We have already established contacts with NOFA which has 
wide support in the NE. 

The results will also be presented at grower meetings that the cooperators routinely attend in NY 
and PA.  For NY, this could be done in conjunction with annual vegetable meetings in Syracuse 
(Empire State Fruit and Vegetable Expo).  In PA, presentations could be made at the Mid-
Atlantic Fruit and Vegetable Growers Convention.  We also routinely give talks at the New 
England Vegetable and Berry Conference and at New Jersey Annual Vegetable Meeting. 

Articles will also be prepared for publication and for inclusion on the Vegetable MD Online 
website. 

The tomato lines which perform the best will be released through usual channels to promote their 
use.  Usually release is through seed companies, which use the lines in hybrid varieties.  In this 
case, some of the lines might also be candidates for release as open pollinated varieties project 
funded through the IFAS and lead by Dr. M. Jahn, Dept. of Plant Breeding and Genetics, Cornell 
University. 
 

d) Cooperation and Institutional Units Involved. 
Lead State:  New York State 
 Martha A. Mutschler, Dept. of Plant Breeding & Genetics, CALS, Cornell Univ. 
 Thomas A Zitter, Dept. of Plant Pathology, CALS, Cornell University 
 Charles Bornt, Extension Educator the Capital District Vegetable Program, 

Cornell Cooperative Extension, Albany, NY. 

Pennsylvania  
 Majid R. Foolad, Department of Horticulture, The Pennsylvania State University 
 Alan MacNab, Dept. of Plant Pathology, The Pennsylvania State University 
This proposal is dependent on the creation of LB and EB resistant lines.  One of the PIs from 
Cornell (Mutschler) was responsible for the recent creation of lines in processor and fresh market 
tomatoes.  The PI from Penn State (M. Foolad) has also created many EBR lines, which along 
with his LB genotypes will be included in the trials.  Dr. Zitter at Cornell has considerable 
expertise in blight trials and in extension issues central to this project and the CAR program.  Dr. 
MacNab in PA also has extensive expertise in the pathology of LB and EB, in running trials, and 
performing extension duties.  The cooperator in the Albany area also have considerable 
experience in field trial of the type proposed, and networks interacting with traditional and 
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organic growers for 5 years.  The combination of the expertise, and existing interactive networks 
of the team assembled for this project will support its work and ultimate success. 

e) Implementation and Evaluation Plans: 
 

This project is expected to run fairly smoothly as the investigators have adequate experience 
with the topic and with the procedures that will be used.  Typical plot layout will be followed a 
randomized complete block designs with 3-4 replications.  Plots in Ithaca will be inoculated as 
required with the appropriate genotype of LB and with the light phenotype of A. tomatophila.  
Disease occurrence and severity will be monitored weekly using the Horsfall-Barratt rating 
scheme.  Foliar data will be converted using the area under the disease progress curve (AUDPC) 
model to account for foliar disease progression over time.  Separate ratings will be taken on stem 
and fruit lesions.  The principal investigators will monitor and evaluate progress of the overall 
project through communication by e-mail and conference calls during the seasons, and exchange 
of informal progress reports via electronic mail.  Sites are close enough to easily allow travel for 
in-field observations. 

• At the end of year one the evaluation of lines to use will be based upon the level of 
defoliation and freedom from stem and fruit lesions. 

• At the ends of year 2, evaluation of lines and their utility will be based upon.  Based upon the 
results of year 2, the lines to continue testing in year 3 may be modified. 

• Mid-term reviews will be held at the end of the second year involving all principle 
investigators to discuss progress and future plans.  These meeting will take place at a 
time/place associated with grower stakeholder meetings, so that the PI can also present status 
reports to the stakeholders and obtain comments and input. 

• Interactions with growers through Field Demonstrations to provide regular assessment of 
progress from our stakeholders towards the goal of improving tomato disease management 
obtain comments and input.  

Since this project is a collaborative effort among researchers and extension personnel, the results 
of our research will be disseminated in a variety of ways.  1.) The web site Vegetable MD Online 
was created in 2000 by Tom Zitter to facilitate communication between all parties concerned 
with vegetable diseases.  The site was registered at Cornell University and is maintained in the 
Plant Pathology Department at Ithaca (http://vegetablemdonline.ppath.cornell.edu/Home.htm).  
The site receives over 10,000 ‘hits’ per month, and is widely used by growers, extension 
personnel, and researcher for its wealth of information and wide image collection.  2.) Results of 
our studies are rapidly disseminated to growers as fact sheets used by Cooperative Extension 
personnel throughout the NE, for use in grower newsletters.  3.) Because of our extension 
responsibilities (MacNab and Zitter) our results are frequently presented at annual grower 
meetings including the New England Vegetable and Berry Conference (Manchester, NH), the 
New Jersey Annual Vegetable Meeting (Atlantic City, NY), the Mid-Atlantic Fruit and 
Vegetable Growers Convention (Hershey, PA), and the Empire State Fruit and Vegetable Expo 
(Syracuse, NY).  4.) Twilight meetings are routinely held during the season in multiple locations 
throughout New York State with participation by Bornt and Zitter.  Specific field days focusing 
on these trials will be held at conventional and organic sites in Columbia County (Eastern NY 
location).  Similar specific field days will be held in PA with the cooperators previously 
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identified.  5) For the greater scientific community, articles will be prepared and submitted for 
publication in refereed journals. 
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Key Personnel

Martha A. Mutschler, Project Director - Professor, Department of Plant Breeding
and Genetics, Cornell University, Ithaca, NY. Mutschler has over 22 years of tomato
breeding experience, with major emphasis on resistance to disease and insect pests, as
well as on plant quality traits. Her work has demonstrated successful interdisciplinary
collaborative projects with researchers in Florida, North Carolina, California, and abroad.
Her appointment is 75% research/25% teaching.

Mutschler will be responsible for the overall management of the project. She will
coordinate the collaboration among PIs. Mutschler will be responsible for generating the
resistant lines to be evaluated and will plan and coordinate their distribution to
cooperators. She will work with the field aspects of all trials in Ithaca (Freeville) and
eastern NY (Capital District).

Thomas A. Zitter, Co-Project Director - Professor, Department of Plant Pathology,
Cornell University, Ithaca, NY. Zitter has extensive experience in epidemiology and
management of bacterial, fungal, and viral diseases of fresh market vegetable crops
grown in the NE. He has conducted numerous statewide surveys for many diseases and
is responsible for writing disease control recommendations for many vegetable crops
including tomato and potato. His topics of interest: crop and cultivar susceptibility;
testing of chemicals (synthetic, biological, induction of SAR) for disease management in
multiple crops. His award-winning 'Vegetable MD Online' webpage will be invaluable
in disseminating results of this project. His appointment is 70% extension/30% research.

Zitter will be responsible for field establishment, disease inoculations and assessments of
the performance of tomato lines for disease resistance in NY. He will also actively
participate in the trials conducted in eastern NY on both conventional and organic
systems. He will also take part in planned field days throughout the state.

Charles Bornt, Cooperator - Extension Educator, Capital District Area Vegetable·
Program, Cornell Cooperative Extension, Albany, NY. Bornt has extensive
experience in western and eastern NY as an Extension Educator for over 7 years. He has
conducted numerous Research and Demonstration plots with tomato and has broad
knowledge in varietal performance.

Bornt will be responsible for conducting the field trials in the Capital district, taking
place on both conventional and organic farms. He will assist in taking data and
characterize line performance. He will coordinate arrangements for field days in his
regIOn.

Dr. Majid R. Foolad, Co-Project Director - Professor, Department of Horticulture,
The Pennsylvania State University, University Park, PA. Foolad has over 18 years
experience with tomato genetics and breeding and currently leads the Penn State Tomato
Genetics and Breeding Program. A main focus of his program is development of
disease-resistant tomatoes with adaptation to NE region. He uses a combination of
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traditional and marker-assisted breeding. He normally grows over 10 acres of tomato
breeding materials in each year. He collaborates with other public tomato breeders in
Florida, North Carolina, Ohio and New York. He has a 75% research/25% teaching
appointment and teaches courses in plant breeding and plant genomics.

In this project, Foolad will be responsible for generating tomato resistant genotypes and
coordinating the growth of tomatoes from his program as well as Mutschler's program in
PA and evaluating them for disease resistance (early blight and late blight) and other
horticultural characteristics, as described in the proposal.

Dr. Alan A. MacNab, Co-Project Director - Professor, Department of Plant
Pathology, The Pennsylvania State University, University Park, PA. MacNab has
over 30 years of experience working on tomato diseases in PA. He worked extensively
with computer programs with the objective of making it possible for all growers to
benefit from disease forecasters. He is currently determining ways to use National
Weather Service data to drive tomato and potato disease forecasters such as Blitecast,
FAST, Tomcast, and TomFAST. He has a 85%extensionl15%research appointment.

In this project, MacNab will be the extension liaison with the extension educators in PA
for trialing the tomato lines in various sections of the state. He will participate in Field
Days, and also assist with the research trials conducted at Rock Springs.
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Relevance Statement for Projects Submitted to the NE-IPM Program for 2004 
 
Title:  Field Testing of Resistant Tomato Lines to Control Late Blight and Early Blight in 
Conventional and Organic Growing Systems 
Institutions: 
New York State – Cornell University 
 Martha A. Mutschler, Dept. of Plant Breeding & Genetics, CALS, Cornell Univ. 
 Thomas A Zitter, Dept. of Plant Pathology, CALS, Cornell University 
 Charles Bornt, Extension Educator the Capital District Vegetable Program, 

Cornell Cooperative Extension, Albany, NY. 

Pennsylvania – Penn State University 
 Majid R. Foolad, Department of Horticulture, The Pennsylvania State University 
 Alan A. MacNab, Dept. of Plant Pathology, The Pennsylvania State University 
 
Project Summary: 
 
Dramatic losses in tomato yields and quality during the past several years have been 
recorded in the Northeast US.  Late blight (LB), caused by Phytophthora infestans, and 
early blight (EB), caused by Alternaria solani and A. tomatophila, are the two most 
prevalent diseases responsible for these losses.  Currently growers must rely upon the 
extensive use of fungicides to control both diseases.  Unless these fungicides are used 
preventatively, satisfactory control is not obtained.  New and more aggressive LB strains 
have displaced the previous indigenous strains, and these new strains are more difficult to 
control with fungicide sprays.  Repeated use of protectant fungicides and newly 
introduced strobilurins has lead to loss of effectiveness in the case of protectants, and 
fungicide resistance in the case of strobilurins, and has made EB control more difficult.  
Clearly, new alternatives for LB and EB control are long overdue, and we must move 
forward with new IPM practices in the NE.  The goal of this project is to provide 
immediate relief to Northeastern tomato growers by testing advanced tomato lines 
developed at Cornell and Penn State with multiple genetic resistance for all known races 
of late blight and phenotypes of early blight in the NE.  This joint research and extension 
proposal ($110,364 PL89-106 vs. $17,000 Smith-Lever) will deploy the resistance into 
conventional and organic production systems.  The objectives of this 3-year project are to 
characterize tomato selections for disease resistance, plant maturity, yield and other 
desirable horticultural characteristics, while testing them at multi-sites and in two states. 
 
Project Objectives: 
The recent creation of tomato inbred lines at Cornell University and Penn State 
University possessing LB resistance and/or EB resistance created the opportunity to 
restructure integrated strategies for the control of these important diseases. 

Objective 1.  Identify appropriate LB and EB resistant lines for use in regional trials and 
possible release. 
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a) The Cornell breeding program has recently created 32 LB and EB resistant 
breeding lines, which is more than we could include in regional trials.  In yr.1 we 
will select from these fresh market lines for optimal horticultural characteristics 
for the NE.  All of the available lines will be tested for maturity and key 
horticultural characteristics to allow selection of the best subset of the lines for 
inclusion in regional testing in yrs. 2 and 3. 

 
b) The NY breeding program has an additional 17 processing tomato lines fixed for 

LB resistance, and selected for EB resistance, but not yet tested to determine 
whether the EB resistance is fixed.  Since this group includes lines with some of 
the earliest maturities and very good fruit quality, it is highly desirable to perform 
EB screening on this material in yr. 1 to allow inclusion of some of these lines in 
the regional trials in yrs. 2 and 3.  Some of these materials are already ideal 
candidates for use in organic systems. 

 
c) The PSU tomato breeding program has been developing fresh market as well as 

processing lines with improved EB resistance.  All lines have also been selected 
for early maturity (suitable for NE production), improved fruit quality (in 
particular high lycopene content), and adaptation to PA conditions.  These lines 
are particularly high yielding under PA conditions, compared with lines 
developed elsewhere.  The collection includes too many lines (~500) to be 
considered for inclusion in regional trials.  This material will be evaluated in yr. 1 
to identify a subset for regional evaluations in yrs. 2 and 3. 

 
d) The PSU tomato breeding program has also identified new sources of LB 

resistance within L. pimpinellifolium and has developed recombinant inbred lines 
with strong LB resistance.  Currently, introgression of these new sources of LB 
resistance into fresh market and processing tomato genotypes are underway.  In 
the yrs. 2 and 3 of this project we might be able to include some genotypes in 
regional trials. 

 

Objective 2.  Test EB and LB resistant lines in regional trials to determine their performance and 
utility in traditional and organic systems. 
Regional trials will be run in both NY and PA to determine the utility of the resistant 
breeding lines developed at CU and PSU.  This work will determine which of these lines 
best fit the needs of NE tomato production, the levels of control provided by these lines, 
and how best to deploy these lines.  To be performed in several counties, with traditional 
and organic methods, and without the use of fungicides. 
 

Objective 3.  Release materials and information to enable NE growers to use the new strategy. 

The information generated by this work will be provided to extension personnel and growers 
through a variety of channels including publication or articles, and the web site 
http://vegetablemdonline.ppath.cornell.edu/Home.htm, presentations at demonstration days held 
at the research plots, and at stakeholder meetings in both states.  The tomato lines will be 
released through appropriate channels to promote their use. 
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Problem, Background and Justification 
 
Tomato as a crop.  Tomatoes are an important part of a diverse and balanced diet.  One medium 
fresh tomato (135g) provides 47% RDA of Vitamin C, 22% RDA Vitamin A and 25 calories 
(135g).  Tomatoes are rich in the anti-oxidant lycopene, a compound that protects cells from 
oxidants that have been linked to cancer.  Tomato ranks number one in contribution to diet in the 
United States because of the large quantities consumed. 

Tomato is also an important vegetable crop in NE states, including NY, NJ and PA.  The acreage 
in PA, NJ, and NY was 11,000 A with a value in excess of $68 million during 2002 (USDA 
Statistics, 2002).  In PA, tomato is the second most important vegetable crop, with annual farm 
value of ~$26 million, where it is grown both for both processing (~$6 million value) and fresh-
market (~$20 million value) uses.  PA ranks #5 in the nation in total production of fresh market 
tomatoes, and #8 in total production of processing tomatoes (USDA Statistics, 2002).  While 
large-scale production of tomatoes is no longer common in NY, tomatoes are produced by most 
of the diversified fresh-market vegetable producers, and the total value is in excess of $24 
million. 

The immediate problem.  LB is a foliar/fruit disease that occurs throughout tomato growing 
regions of North America with varying frequency, depending on whether weather conditions are 
favorable. The magnitude of the problem of controlling LB is reflected in it being identified by 
grower groups throughout the country as a major pathogen.  In NY LB occurs yearly, but the 
intensity of the disease and the races of the pathogen found can vary with year and conditions.  
In PA, LB does not occur as often as EB; however, when LB occurs it is much more devastating 
than EB.  In 2004, LB was confirmed in at least 26 PA counties.  Some commercial organic 
planting and many home garden plantings of tomato in PA were destroyed by the sudden 
occurrence of LB in the eastern and south central part of the state.  Significant losses also 
occurred in some commercial plantings when fungicides could not be applied at some critical 
times due to extended rainy periods.  In addition, growers who applied fungicides as needed to 
save the crop in 2004, ended up applying many more fungicides than usual to attain this control.  
Up to 20 sprays were needed in some areas as compared to an average of about eight sprays.  
The same scenario was also played out in parts of NY (9 counties) and NJ (3 counties) during the 
2003 and 2004 seasons. 

EB, caused by Alternaria solani and A. tomatophila, is annual problem and is the most common 
foliar disease in the eastern, mid-Atlantic, and mid-western states.  Early blight in upstate New 
York typically occurs between the middle and end of July, and in central Pennsylvania between 
mid-July and mid-August.  Weather conditions are generally favorable for disease development, 
resulting in plant defoliation in excess of 60% in the unsprayed control plots.  EB occurs 
annually throughout PA.  In the absence of fungicide use, yield loss is estimated at 30% and fruit 
size reduction is estimated at 10%.  From five to 10 fungicide applications are typically needed 
to control EB in PA.  NE style plants, with limited foliage, concentrated fruit set and early 
maturity, are more susceptible to EB. 

Stakeholder concerns.  The Vegetable IPM Working Group of the Northeastern IPM Center 
created a list of prioritized IPM needs for NE vegetable commodities 
(http://northeastipm.org/work_vegepriority.cfm).  Members of the panel represented nine 
northeastern states, and Stakeholders represented by this group include growers, crop 
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consultants, processors, departments of agriculture, university researchers and extension 
specialists, and environmentalists.  The evaluation of the situation as pertains to late blight and 
early blight is summarized in Table 1. 

Table 1.  Evaluation of damage and control of Phytophthora and early blight on solanaceous 
crops, excerpted from http://northeastipm.org/work_vegepriority.cfm
   Influence on Pesticide  

Region 
Crops 

affected 
Influence on 
Yield/Quality 

Availability 
of controls 

Pesticide use 
patterns Concern 

3 3 3 3 2 Phytophthora of all the cucurbits, 
beans, and solanaceous crops. 

3 1 3 2 3 Fungal pathogens (like early blight) 
on solanaceous crops. 

Region:  1 – only a limited region; 2 parts of the region; 3 across the entire region 
Crops Affected:  1 few; 2 many; 3 most 
Influence on Crop Yield/Quality:  1, some loss in yield and quality; 2 significant reductions in quality or yield for 

part of the season; 3 historically devastating crop loss in one or more crop 
Availability of Controls:  1 adequate; 2 some; 3 few; none, or cost prohibitive 
Pesticide Use Patterns:  1 low; 2 medium; 3 high  
 
Clearly, both LB and EB were identified, on a regional basis, for their importance for tomato 
production.  Similarly, calls for research dealing with the need for resistance to both diseases 
were released in the last 3 years (see below).  In short, there is a growing call for the developing 
more effective LB and EB control strategies with less reliance on pesticides. 

• 2005 NYS IPM program call for proposals 
(http://www.nysipm.cornell.edu/grantspgm/rfp_ag/03rfp/index.html): includes Breeding for 
resistance to multiple disease of tomato; Demonstration/research projects using TOMCAST 
forecasting system for tomatoes. 

• Call for proposals by the Pennsylvania Vegetable Marketing and Research Program in 
cooperation with the Pennsylvania Vegetable Growers Association for research grants for 
2005.  Special priority will be given to projects involving the state's three major processing 
crops, namely snap beans, tomatoes, and sweet corn.  Especially for tomato, disease control – 
late blight; bacterial canker and spot prevention and control; resistant varieties. 

• At a recent Tomato IPM Workshop held with commercial growers, diseases which growers 
listed as most important were early and late blight of tomatoes (IPM Workshops, Cornell 
Cooperative Extension, 2003). 

The current methods of control.  Measures used for LB and EB in tomatoes have involved the 
use of some cultural practices, but most current control measures rely upon heavy fungicidal 
usage.  For LB, cultural controls include the avoidance of introduction of inoculum from nearby 
potato cull piles, avoidance of introducing inoculum from transplant (tomato and petunia) 
production regions, and alerting home gardeners to use control measures to prevent home 
gardens from being an inoculum source for commercial growers.  Cultural practices for EB 
control include: crop rotations of at least 2 years out of susceptible crops; use of disease-free 
tomato transplants; elimination of volunteer tomato and potato plants in and around the field 
before crop establishment; maintaining good host vigor via adequate fertilization; and beginning 
a fungicide spray program at first sign of disease.  Chemical control measures can be an effective 
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means of managing both diseases, and are usually guided by forecasts of blight-favorable 
weather conditions, but chemical applications are both time- and cost-dependent, and may be of 
reduced efficacy if weather conditions are particularly conducive for the disease.  LB and EB 
control has relied upon protectant fungicides and systemic products.  Fungicide sprays add a 
great financial burden to growers.  In PA, for example, the average cost of each spray is about 
$20 per acre, for a total of $200 per season (average of 10 sprays per season).  That adds up to 
over $1,000,000 per year in just one state, which when extrapolated over the entire county, is a 
tremendous expense to growers, consumers, and to the economy. 
 

IPM specialists today advise crop producers to choose those labeled and efficacious pesticides 
having the lowest possible environmental impact quotient (EIQ).  It is interesting to note, that 
although new chemistry is much safer to the applicator and to the environment, the ‘reduced risk’ 
fungicides such as cymoxanil, dimethomorph, famoxadone, propamocarb, and zoxamide, need to 
be tank mixed with protectant fungicides in order to prevent the development of fungicide 
resistance.  Protectant fungicides commonly used on fresh market tomatoes include 
chlorothalonil, copper, maneb and mancozeb, all of which have much higher EIQs than the 
‘reduce risk’ fungicides. 

The future method of control.  We have now completed two years of testing (2002-2003) the L. 
hirsutum-derived EBR and with fixed resistance for LB as part of our NYS IPM trials, with 
funding from the USDA-CAR program.  We confirmed that incorporating EBR should be 
homozygous, rather than heterozygous, in order for the resistance gene to express optimal level 
of disease control.  Heterozygous hybrids were just not sufficiently resistant under severe disease 
pressure (light phenotype of A. tomatophila) experienced in our 2003 trials.  We demonstrated 
that lines homozygous for the EBR can control EB with less fungicide or with the use of milder 
control agents (biologicals and OMRI approved materials), and that these lines homozygous for 
the LB resistance, can controlled LB without any fungicide applications.  These results were 
confirmed again in 2004, when, without any added fungicide protection, and testing under the 
most severe weather conditions, and  with the most virulent isolate of A. tomatophila, the 
homozygous lines had less than 20% defoliation while the comparable susceptible lines had 80% 
defoliation.  The resistance lines showed no stem lesions, and the fruit remain healthy till the end 
of September.  No LB infection occurred despite being present on susceptible checks in 
adjoining rows. 
 
Our goal is to finalize the development of the tomato lines possessing resistance to LB 
and EB, then to test the best of these lines under traditional and organic growing systems.  
This work will result in the development of a coordinated total disease control program 
for NE tomato production using the genetic resistance to provide more reliable disease 
control and also significantly reduce reliance on chemical control.  We have assembled a 
team of experts and have the willing support and enthusiasm of growers in both New 
York and Pennsylvania.  We anticipate speedy adoption by stakeholders in the Northeast 
and beyond. 
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