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Growing Heirloom Tomatoes: Old Challenges and New Opportunities
Dr. Jeanine Davis
Department of Horticultural Science, NC State University
Mountain Horticultural Crops Research & Extension Center
455 Research Drive, Mills River, NC 28759
Email: Jeanine_Davis@ncsu.edu Website: http://ncherb.org

What are Heirloom Tomatoes and Why Do People Want Them?
There are many definitions for what constitutes an heirloom tomato variety, but the one I generally use is
that it has been available for 30 to 50 years or more, it is open pollinated, the seed has been passed on
from generation to generation, and it has some special characteristics that make people go through all this
trouble to keep the variety alive.
The heirloom tomato movement really took off about eight to ten years ago when chefs and consumers
started looking for an alternative to the standard supermarket tomato. They often spoke of wanting a
tomato “like Grandma used to grow in her garden”. Backyard gardeners suddenly found their home
grown tomatoes to be in high demand and some started selling their excess tomatoes to local chefs and at
tailgate markets. Organic vegetable growers were the next to catch on to the movement and began
growing some of the most popular heirloom tomato varieties for local sales. In time, the large-scale
tomato growers also entered the market and now heirloom tomatoes are sold right next to all the other
tomatoes in the supermarket, but at much higher prices
So why do consumers want heirloom tomatoes? The surveys I’ve conducted reveal that they usually find
heirloom tomatoes to be more flavorful and juicy and with thinner skins than the standard tomato. They
like that heirloom tomatoes come in a wide array of shapes, colors, and sizes. They like the fun and
interesting names that many heirloom tomatoes have and many people report that they enjoy the nostalgia
that comes with eating a tomato variety they associate with their youth. And for many consumers, they
just want something different.
So then why don’t all tomato growers produce heirloom tomatoes? The list is long, but the main reasons
are that heirloom tomatoes tend to be thin skinned so they crack, burst, and bruise easily, and most are not
uniform in shape and size. Those factors alone result in high cullage and difficulty in shipping. Many
heirloom varieties have little or no disease resistance, making them particularly challenging to grow
organically or in warm, wet regions. Many heirloom varieties are indeterminate, requiring trellises or
taller staking systems than modern determinate varieties. There can be a great deal of variability from one
seed lot to another and yield and quality are often much less than with modern hybrids.
Production of heirloom tomatoes can be quite profitable. In our research plots, we have some varieties,
such as Red Brandywine, which can produce 9.2 lbs of marketable fruit per plant. At a conservative retail
price of $2.50 per pound, that translates into a gross return of $23 per plant. At a local tailgate market this
summer, Brandywine tomatoes were selling for $5 per pound; that would produce a gross return of $46
per plant. But that is under the best of circumstances. Under wet conditions or high disease pressure,
especially early blight, late blight, and Septoria, yields per plant could be 2 lbs or less. As one heirloom

tomato grower told me, when you grow heirloom tomatoes you are playing Russian Roulette with the
weather. You never know what your yields are going to be, but at least up to this point, you can always
sell whatever you grow.
How to Grow Heirloom Tomatoes:
Because heirloom tomatoes are so susceptible to cracking and disease, the best production usually occurs
in high-tunnels or greenhouses. Following greenhouse tomato growing guidelines often results in a
successful outcome since most greenhouse tomato varieties are also indeterminates (Fig. 1A). Dr. Rick
Snyder at Mississippi State University has a wealth of information on growing greenhouse tomatoes. See,
for example, http://msucares.com/crops/comhort/greenhouse.html.
Most growers want to produce their heirloom tomatoes outside, in the open, along with their other
tomatoes. Again, since most heirloom tomatoes are indeterminate, a taller and stronger support system is
needed to produce them than modern hybrid tomatoes which are usually determinate. And I don’t know
anyone who is successful at growing heirloom tomatoes on the ground. The pictures below illustrate a
standard short-stake system for determinate tomatoes (Fig. 1B), a short-high stake system for
indeterminate tomatoes (Fig. 1C), and a traditional trellis system for indeterminate tomatoes (Fig. 1D).
Figure 1. Indeterminate tomatoes in a greenhouse (A) (photo by Debbie Roos), standard short-stake
system for determinate varieties (B), short-high stake system (C), and traditional trellis system (D).
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Black plastic mulch and drip irrigation is commonly used in all these systems. A standard trellis system
consists of positioning 7 to 8 foot long posts about 15 feet apart in the row and running a top and bottom
wire to tie the strings to. Plants are often spaced 8 to 12 inches apart in the row and trained to a single
stem to climb the string. This is a sturdy system that works very well but has a high initial cost. If a
grower can rotate different crops on it from year to year (e.g., cucumbers, beans, specialty melons, and
then tomatoes again), it can be cost effective. Dismantling and resetting a trellis in a new location each
year can make this system cost prohibitive.
The short-high stake system consists of constructing a standard staked system using 4 foot long stakes set
with two plants between each stake. The plants are often set 18 to 24 inches apart in the row and pruned
to several stems. Right before putting the last string on the short stakes, 5 to 6 foot long stakes are added
every other stake. In this system, the plants need to be topped when they reach the top of the tallest stakes.
This system is more economical than a trellis system but can be more vulnerable to wind damage. The
longer stakes must often be special ordered, so plan accordingly.
Following a preventative disease management system is very important for heirloom tomatoes, whether
they are grown organically or not. Know which diseases you are probably going to be dealing with,
follow forecasting models for late blight and use preventative sprays for it, and use sprayers that provide
excellent coverage. Know your varieties so you know what to expect for yields and maturity. Some
varieties produce over a long season and some have a very concentrated set. Be prepared to harvest,
handle, and sell these fragile tomatoes differently than standard fresh tomatoes.
A Few of the More Popular Heirloom Varieties
The three heirloom varieties that had the best yields and consumer acceptance in our trials in western
North Carolina are German Johnson, Cherokee Purple, and Mr. Stripey. Brandywine is a perennial
favorite that many consumers will ask for, but we have found there is a lot of variability between seed
sources and it doesn’t rate very high in taste tests.
Breeding Improved “Heirloom-type” Tomatoes
Public and private tomato breeders have heard what the consumers want and have been working to
develop new tomatoes that fit the heirloom tomato category. At NC State University, we refer to these as
“heirloom-type hybrids”. Our tomato breeders, Randy Gardner, professor emeritus, and Dilip Panthee,
associate professor, have been working to create tomatoes with all the desirable characteristics of
heirloom tomatoes (taste, shape, and color) with the vigor, disease resistance, uniformity, smooth
appearance, yields, and good shipping qualities we have come to expect in modern hybrid varieties. Both
of these breeders are also interested in improved nutritional characteristics. My role in these studies has
been to conduct the taste tests to ensure that these new varieties taste as good as or better than heirloom
varieties.
The first release from Randy Gardner’s heirloom-type breeding program is a hybrid variety known as
Mountain Magic. It is a compact indeterminate plant that produces round fruit about 2 oz. in size, similar
to the greenhouse variety Campari (Fig. 2). Mountain Magic has excellent flavor, beating out all the
heirloom tomatoes for several years running in our consumer taste tests. It also has moderate early blight
resistance and a high level of late blight resistance, making it a favorite among organic tomato growers. It
is readily available.
A larger fruited release from Dilip Panthee and Randy Gardner’s heirloom-type breeding program is
Mountain Rouge (Fig. 2B). It is a hybrid with Pink Brandywine as a parent, so it is a desirable pink color
with a high level of late blight resistance. It has a vigorous indeterminate growth habit and excellent fruit
flavor and texture. It is, however, subject to fruit cracking. It should be commercially available in 2015.

I am very excited about the new lines that Randy Gardner is working on. The pictures here are in black
and white so you can’t see the colors, but he is working on striped tomatoes in red, pink, purple, and
brown variations (Fig. 2C). You can see these in detail on the presentation he gave in 2014 at the Tomato
Breeders Roundtable at:
http://www.ces.ncsu.edu/fletcher/events/2014-tbrt-conference/presentations/WedAM01Gardner.pdf .
Dilip Panthee is also working on some open-pollinated varieties which will be attractive to organic
growers, home gardeners, and permaculture practitioners who want to save their own seed from year to
year.
The Bottom Line
The customer is always right and the customer wants very flavorful tomatoes available in a wide variety
of colors, shapes, and sizes. Right now, growers must rely heavily on heirloom tomato varieties to fill that
niche and take all the risks that come with growing them. As time progresses, however, more and more
improved “heirloom type” tomatoes will become available. Growers should start educating consumers
now about why these improved varieties are better for the grower and as a result, should bring the price of
these tomatoes within reach of all consumers.
Figure 2: Mountain Magic (A) (photo from Johnny’s Seeds), Mountain Rouge (B) (photo from Dilip
Panthee) and up and coming lines from Randy Gardner (C) (photo from Randy Gardner).
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Late Blight and Bacterial Diseases, What Can a Grower Do?
Dr. Rachel P. Naegele and Dr. Mary K. Hausbeck, 517-355-4534 and
Michigan State University, Department of Plant, Soil and Microbial Sciences, East Lansing MI

Introduction
In the Great Lakes region, tomatoes are grown for both the fresh market and processing
industries. Foliar diseases caused by bacteria and fungal-like pathogens can cause defoliation resulting in
total yield loss. These pathogens can also infect the fruit, yielding unmarketable produce when not
managed. In 2014, disease conditions were favorable and outbreaks of bacterial leaf spot and late blight
occurred across Michigan.
Bacterial diseases
Bacterial spot is caused by several species of Xanthomonas including X. gardeneri, X.
vesicatoria, and X. euvesicatoria. Bacterial spot isolates are highly variable and copper resistance is not
uncommon. Historically, X. vesicatoria was considered the primary causal agent of bacterial leaf spot,
but in 2011, a study in Ohio found X. gardeneri was the primary pathogen. Symptoms of bacterial leaf
spot on tomato are small brown/black lesions surrounded by a yellow/chlorotic halo. On the fruit,
symptoms are corky brown circular lesions, which may develop on either green or red fruit. Bacterial
speck is another bacterial disease that occurs frequently in Michigan and is caused by the pathogen
Pseudomonas spp. Copper resistance is common among Pseudomonas spp. This bacterial pathogen can
cause brown/black spots with chlorotic halos on leaf tissue and small brown/black spots on the fruit.
Both diseases cause defoliation, reduced yields, and unmarketable fruit.
Bacterial Research
In 2014, a study was conducted at the Michigan State University Southwest Research and
Extension Center located near Benton Harbor, MI. Two products were evaluated alone or tank mixed for
their ability to protect the tomato foliage, flowers, and fruit against the bacterial leaf spot pathogen.
‘Primo Red’ tomatoes were transplanted into the field in mid June and inoculated a month later with a
bacterial suspension of bacterial spot isolates (Xanthomonas spp.) and two bacterial speck isolates (P.
syringae) collected from local sources. It was later determined that the bacterial spot and speck isolates
were not sensitive to copper. Treatments were arranged in a completely randomized block design, and
four replicates were evaluated for each treatment. Applications were started a week before inoculation
occurred and repeated every 5-7 days for a total of eight applications.
Table 1. List of chemicals evaluated for control of bacterial leaf spot.
Product
Active Ingredient
Kocide 3000 WG
copper hydroxide
Quintec SC6
quinoxyfen

Registered
Yes
No

(1=healthy, 10=100% diseased/defoliated)

Disease severity

Plant foliage, flowers/fruit and new growth were rated weekly for disease severity.
Disease incidence was 100% in all treatments by the end of July (data not shown). Disease
severity was greater than 50% in all treatments by mid August. Yields were taken from the center 10 feet
of the treatment row on 12 September. None of the treatments evaluated were significantly better than the
untreated control and no differences in yield or disease severity were observed among treatments. No
visible phytotoxicity from the products was detected.
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Figure 1. Bacterial spot disease severity of treated ‘Primo Red’ tomato plants.

Bacterial Disease Recommendations
Copper resistance may be more common among isolates of Xanthomonas and Pseudomonas in
Michigan than previously thought. Historically, growers applied copper preventively and continued
throughout the season. Given the results of testing tomato bacterial leaf spot isolates for copper
sensitivity and two field studies, it is time to reconsider control strategies.
Late Blight
Late blight is a disease that most commonly affects potatoes, but can affect tomatoes when the
weather is cool, rainy, and humid. The pathogen, Phytophthora infestans, is well known to potato and
tomato growers in the Northeast who frequently suffer losses from this disease. Late blight symptoms
include blighting on all aboveground parts of the tomato plant. Blighting on the leaves often appears dark
and oily with production of spores occurring on the undersides of the leaves. The spores can appear
purplish when the weather is wet and humid. Blackened lesions on the stems also occur and serve as a
good indication of the late blight disease. Late blight affects green and ripe tomato fruit. In Michigan,
there is no other fruit rot that affects green fruit. The blighting on fruit appears as dark, greasy areas that
increase rapidly to affect the entire fruit. Between cropping seasons, the late blight pathogen survives on
volunteer and abandoned potatoes or tomatoes in cull piles. The pathogen is wind-dispersed and

sporangia can spread from infected plants and cull piles. Control measures include eliminating all
potato/tomato cull piles and destroying volunteer potato plants that grow from overwintered tubers that
are diseased. Infected potato plants established from diseased seed potatoes are another source of late
blight early in the season. Most tomato cultivars are susceptible to late blight. ‘Mountain Magic’ is a late
blight resistant variety developed at North Carolina State University, though supplies are limited at
present.
Late Blight Research
For the last 15 years, the Hausbeck lab has conducted late blight trials on tomato. In 2012, a
fungicide study was conducted at the Michigan State University Plant Pathology Research Farm located
near East Lansing, MI. Five registered fungicides were evaluated (Table 2), alone or as part of a rotation
program, for their efficacy in managing late blight on ‘Mountain Pride’ tomatoes. The treatments were
arranged in a randomized complete block design with four replicates across 6 rows that were 100 feet
long. Each treatment replicate was 20 feet long with a 5-foot buffer zone between replicates. Treatments
were applied preventively and repeated every 5 to 7 days for a total of 9 sprays. Fungicides with different
FRAC codes, the mode of action for the active ingredient, were rotated. Plots were evaluated for foliar
infection (based on a visual assessment of 0 to 100%) and yields collected from the inner 5 plants of each
row.
Table 2. List of fungicide products evaluated for management of late blight.
Product

Active ingredient

Bravo Ultrex 82.5WDG, Bravo WeatherStik 6SC
Cabrio 20WG
Manzate 75DF
Zampro 4.4SC

chlorothalonil
pyraclostrobin
mancozeb
ametoctradin/dimethomorph

FRAC
code
M5
11
M3
45/40

Registered
Yes
Yes
Yes
Yes

Late blight developed quickly (Figure 2). The untreated control plants became heavily infected
(72% of the foliage was blighted) which resulted in defoliation of up to 24% of the leaves (data not
shown). More than 65% of the fruit became infected and rotted as a result of late blight. All of the
treatments effectively limited late blight infection to approximately 6% diseased leaves and reduced the
amount of rotted fruit compared to the untreated control. The applications of Zampro were just as
effective as Cabrio in limiting late blight on tomatoes.
Late Blight Recommendations
Many of the fungicides used routinely to manage early blight and anthracnose can help to protect
against the late blight pathogen. Until late blight has been detected in surrounding areas, fungicide sprays
that are specific for late blight are not recommended (MSU Extension bulletin E312). Other late blight
products that could be effective in a rotation program include Revus, Reason 500 SC, Ranman, Curzate
and Forum (MSU Extension Bulletin E312).
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Figure 2. Late blight disease severity and infected yield of ‘Mountain Pride’ tomato plants treated
with various fungicides.
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Managing Phytophthora Root Rot with Resistant
Cultivars and Fungicides
Charles Krasnow and Dr. Mary Hausbeck, Professor, 517-355-4576
Michigan State University, Dept. of Plant Soil and Microbial Sciences

Phytophthora blight poses an annual threat to pepper production in Michigan. Growers have had
difficulties combating this pathogen due to its soilborne nature, long term survival, and the relatively low
number of effective fungicides that are registered for soil application. Notwithstanding, fungicides
continue to be one of the key tools in Phytophthora blight management and products are often applied to
peppers as foliar sprays, banded-drench applications, or via the drip irrigation lines. Research from MSU
has demonstrated that soil-applied fungicides offer superior protection against Phytophthora root and
crown rot when compared to traditional foliar sprays (see Phytophthora Fact Sheets at veggies.msu.edu).
Although the systemic fungicide mefenoxam (Ridomil Gold) may not be highly effective in certain
regions of the state due to resistance of the Phytophthora pathogen, newer systemic fungicides with high
efficacy towards Phytophthora are also available that offer protection when applied as soil drenches or
via drip lines. In conjunction with fungicide management, cultural control practices, such as growing
peppers using raised bed culture with trickle irrigation, are beneficial for pepper production in
Phytophthora-infested soils. This system not only permits application of fungicides via the drip irrigation
lines, but raised beds improve soil drainage and may help prevent soil from splashing onto fruit. One of
the drawbacks of this mode of production, however, is its cost, and reusing the same beds to grow
vegetables for more than one year may increase Phytophthora pressure in the field. An additional
component of disease management is the use of Phytophthora-resistant pepper cultivars. This practice is
often regarded as desirable due to its ability to reduce the number of fungicide applications necessary for
Phytophthora control. Trials were conducted at the Michigan State University Southwest Michigan
Research and Extension Center in Benton Harbor to assess cultural and fungicide management practices
that could potentially be used by pepper growers in Michigan.
2011 - 2013 fungicide trials: The trials conducted from 2011 to 2013 tested fungicides and
application methods to control pepper Phytophthora blight. Seedlings of pepper cv. Red Knight were
transplanted into 6" raised beds covered with low density polyethylene mulch. Soil-applied drenches
were directed to the crown of the transplant after transplanting using a backpack sprayer equipped with a
hand wand and TeeJet XR8010 nozzle, 3.5 oz treatment solution per plant. Foliar applications were
made using a backpack sprayer with a two-nozzle boom and XR8003 flat fan nozzles (40 psi) spaced
~15" apart and directed at a 45° angle towards the plant crown. Drip applications were made using CO2pressurized canisters that injected the fungicide solution into the drip line via anti-backflow drip emitters
over approximately 1 hour. All plots were inoculated with Phytophthora to create uniform disease
pressure. The first (2011) and second (2012) trials tested the effectiveness of fungicides applied as
transplant drenches followed by drip applications or foliar sprays; the third trial (2013) tested transplant
drenches followed by foliar sprays applied every 7 days.

Table 1. Treatment, application method, and disease incidence (%) in Phytophthora fungicide trials
Disease incidence
Treatment*, rate/A, and application method
(%)
2011 Phytophthora trial
Untreated...............................................................................................................

67.5

Revus 2.08SC 0.5 pt drench at transplant and 7 day drip application ...............

2.5

Presidio 4SC 0.19 pt drench at transplant and 7 day drip application .................

2.5

2012 Phytophthora trial
Untreated................................................................................................................

42.5

Presidio 4SC 0.25 pt drench at transplant, Presidio 4SC 0.25 pt alt Revus
2.08SC 0.5 pt 7 day foliar spray ....................................................................

5.0

Presidio 4SC 0.19 pt drench at transplant and 14 day drip application ...............

12.5

Zampro 4.4SC 10 fl oz drench at transplant and 14 day drip application...........

20.0

2013 Phytophthora trial
Untreated................................................................................................................

47.5

Presidio 4SC 0.19 pt drench at transplant, Revus 2.08SC 0.5 pt alt Presidio
4SC 0.19 pt 7 day foliar spray ........................................................................

7.5

Zampro 4.4SC 0.88 pt drench at transplant and 7 day foliar spray .....................

17.5

Ranman 3.3SC 0.17 pt drench at transplant, Zampro 4.4SC 0.88 pt alt Presidio
4SC 0.19 pt 7 day foliar spray ........................................................................

32.5

Ridomil Gold 1pt drench at transplant, Revus 2.08SC 0.5 pt alt Ridomil Gold
Copper 2 lb 7 day foliar spray.........................................................................
* alt = alternate

35.0

2014 Drip fungicide trial: This trial was conducted to test drip-injected fungicides for managing
Phytophthora root rot of pepper, cv. Tomcat. Soil drenches were made at transplant followed by drip
applications at 14-day intervals. The plants were inoculated with Phytophthora to create uniform disease
pressure. The following two treatment programs were effective with fewer than 20% plants dying: 1)
Presidio as a drench at transplant followed by Revus (8 fl oz/A) alt Presidio (4 fl oz/A) or 2) Presidio as a
drench at transplant followed by V-10208 (4 fl oz/A) alt Presidio (4 fl oz/A) (Figure 1).

Figure 1: Effect of fungicide treatments on Phytophthora root rot and yield of ‘Tomcat’ pepper.
Many of the fungicides tested in the 2011-14 trials are limited by number of applications and quantity of
product that can be applied per season. Table 2 provides information on products labeled for soil
application to pepper. Check the fungicide labels for additional information. Based on the trials
conducted at MSU a fungicide program to control pepper Phytophthora blight could include:
 Zampro, Ranman, or Presidio at transplant as a soil-drench.


Drip application of Presidio tank mixed with another fungicide (per label specification) alternated
with Ridomil Gold* or Zampro.



Foliar fungicide applications to limit disease on above-ground plant parts using Presidio, Tanos,
Revus, or Zampro tank mixed with the appropriate protectant fungicide such as Bravo
WeatherStik.



Fungicides should be rotated and applied at the highest labeled rate and application interval when
disease pressure is high.

Table 2. Fungicides labeled for soil application or transplant water (foliar rates not listed) to
control pepper Phytophthora blight.
Trade
Application
Common name
Rate/acre
Comments
name
method
Tank mix required, 10
Soil-drench
Presidio
Fluopicolide
3-4 fl oz
day application
Drip
interval
2-3 qt/100 gal
Drip
3+ day application
Fosphite
Phosphorous acid salts
2 qt/100 gal
Pre-plant root dip
interval
2-3 week application
Phostrol
Phosphorous acid salts
2-4 pt
Drip
interval
Serenade
Soil-drench
Apply at any growth
Bacillus subtillus
2-6 qt
Soil
Drip
stage
Ametoctradin
Soil-drench
Max. 2 consecutive
Zampro
14 fl oz
Dimethomorph
Drip
applications
Soil-drench,
7-10 day application
Ranman
Cyazofamid
2.75 fl oz
Transplant water
interval
Ridomil
Soil-drench
30 day interval (max.
Mefenoxam*
1 pt
Gold
Drip
3 applications)
*Mefenoxam (Ridomil Gold) resistant Phytophthora may be present in infested fields.
Pepper cultivar trial for Phytophthora resistance: Eight cultivars and pre-commercial cultivars
were tested for resistance to Phytophthora blight. Seedlings were transplanted into raised plant beds
covered with black polyethylene mulch. Two weeks after planting, the trial was inoculated with
Phytophthora. The susceptible cv. Camelot plants were nearly all dead (90-100%) by the end of the
season, however, all other cultivars included in this study had very low disease (<10%) (Table 3).
Table 3: Incidence of Phytophthora root rot in a 2014 pepper cultivar trial.
Cultivar
Seed source
Phytophthora resistance level
Incidence of infection (%)
Camelot X3R
Seminis
Low
98.6
AP4835
Seminis
Moderate-high
8.3
Aristotle
Seminis
Moderate
8.3
13SE12671
Seminis
Moderate-high
8.3
AP4841
Seminis
Moderate-high
4.2
AP4839
Seminis
Moderate-high
2.8
Archimedes
Seminis
High
2.8
Paladin
Syngenta
High
0
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