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Disease Management Strategies for Greenhouse and Field

Dr. Mary K. Hausbeck (517-355-4534)
Michigan State University, Department of Plant Pathology

Damping-off (caused by Pythium spp., Phytophthora spp. and Rhizoctonia sp.) affects all
vegetable seedlings and is also common among flowering bedding plants. Damping-off results in
collapse of the plant at the soil surface. To prevent damping-off, avoid over-watering because some fungi
that cause damping-off prefer wet conditions.

Good sanitation is the key and ensures that root rot problems from one crop are not carried over
to another crop. Root rot pathogens survive in the greenhouse in soil particles or plant parts clinging to
containers, benches, walkways, and equipment. If root rot occurs, remove and destroy the diseased
plants. Also, remove healthy-appearing plants that are immediately adjacent to the dead plants because
the disease may have already spread to them although they are not yet showing symptoms. Plug sheets
containing diseased transplants should not be reused.

Botrytis gray mold can infect all vegetable transplants causing an irregular brown spotting or
“blight” of leaves and stem cankers. This is the same Botrytis that infects a wide range of floriculture
crops producing gray masses of powdery spores. In vegetable transplants, Botrytis is a threat when plants
grow and form a canopy of leaves keeping the relative humidity high which favors disease. Since the
fungus that causes gray mold depends on water to germinate on the plant surface, increasing air
circulation through fans and reducing the relative humidity by venting or heating (depending on outside
temperatures) will help prevent condensation of water on plant surfaces and thereby reduce the
occurrence of gray mold. Watering early in the day will help ensure that the plants dry by evening,
reducing the occurrence of disease.

Bacterial disease can infect celery resulting in blighting. Not all spotting on the foliage is caused
by fungi. It is important to distinguish between spots caused by fungi and bacteria because disease
management differs. Bacterial disease causes small, dark-brown spots surrounded by a yellow “halo” on
the leaves. A diagnosis from an extension agent or other knowledgeable professional is often warranted
to separate symptoms of bacterial diseases from symptoms caused by fungi or other causes.

Celery seedlings with bacterial disease should be immediately removed from the greenhouse and
destroyed. In addition, seedlings immediately adjacent to those showing symptoms should also be
removed and destroyed. Although epidemics may seem to appear overnight, chances are it began in just a
few plants and progressed unnoticed for a couple of weeks. Plug sheets containing infected transplants
should not be reused. Removing infected transplants from the greenhouse is the most critical component
of managing bacterial diseases once they’ve been introduced.

Bacteria move readily in a film of water and can spread through splash droplets. It is important,
therefore, to water plants early enough in the day to ensure that the foliage dries completely by evening.
Good ventilation, circulation, and low relative humidity are also important in helping to maintain dry
foliage. Clipping, pruning, or any other type of injury provides a means for the bacteria to enter the plant
and should be avoided.



Evaluation of fungicides for control of late blight on celery

This study was conducted at the Michigan State University Muck Soils Research Farm in
Laingsburg, MI on a Houghton muck field previously planted to onion. Eight-week old celery ‘Dutchess’
transplants were planted 7 in. apart in rows spaced 32 in. apart on 31 May. Treatment plots consisted of
one row 22 ft long with 5 ft of unsprayed buffer between plots in the same row. Two buffer rows were
left unsprayed between each treatment row. Six treatments were replicated four times in a randomized
complete block design. Products included in the treatments are listed in Table 1. Septoria inoculum (2.9
x 10" spores/fl 0z) was prepared by soaking dried infected celery leaves for 10 min in water and straining
through two layers of cheesecloth. Inoculum was applied with a hand-pump backpack sprayer to all
plants in the trial on 25 Jul using one hollow cone nozzle that delivered 6 gal/A. Fungicides were applied
with a CO, backpack sprayer equipped with three XR8003 flat fan nozzles spaced 19 in. apart and
calibrated to deliver 50 gal/A at a nozzle pressure of 50 psi. Eight applications were made at weekly
intervals on 7, 13, 18, and 26 Jul; 2, 8, 14, and 21 Aug. Leaf blight severity was evaluated on 28 Aug,
and ten plants from the middle of each treatment row were hand-harvested and trimmed to fresh market
specifications (14 in. length). Petiole disease incidence and severity were assessed, diseased petioles
were removed from the plants, and yields were recorded. Data were analyzed using Sigma Stat version
3.1 (Systat Software Inc.) and treatments were compared using the Fisher LSD multiple comparison test.
Average monthly minimum and maximum air temperatures (°F) were: May (46.6 and 69.0); Jun (51.5
and 78.5); Jul (58.1 and 83.7); and Aug (56.6 and 80.4). Rainfall totals (in.) were 5.5, 2.9, 7.1, and 3.2 for
the same respective months.

Table 1. Products included in the trial.

Product Active ingredient Labeled
Amistar 80WG ... azoxystrobin yes
Bravo Ultrex 82.5WDG...........c.ccovevenenne. chlorothalonil yes
Kocide 2000 54WG .......ccceeevveveiinnnnn, copper hydroxide yes
SWItch 62.5WG......ccoviiiiiiiieccs cyprodinil/fludioxonil yes
Tilt 3.6EC......c.ccovevviviiiiiiiciecceeciee, propiconazole yes

All treatments provided significant foliar blight control (Table 2). Applications of Amistar
80WG (0.31 Ib) alternated either with Bravo Ultrex (1.8 Ib) or Tilt (0.25 pt) and Bravo Ultrex (1.8 Ib)
applied alone were significantly better for foliar blight control and trimmed yield.

Table 2. Results of trial.

Foliar late Yield (1b/10 plants)

Treatment and rate/A, applied at 7 day intervals blight (%)° ~Trimmed” Total

UNEFEAEEM ......v ettt ettt e e sttt et e s e senere e 525 c* 74 b 14.2
Amistar 80WG 0.31 Ib alternate Bravo Ultrex 82.5WDG 1.8Ib... 0.0 a 146 a 14.7
Amistar 80WG 0.31 Ib alternate Tilt 3.6EC 0.25pt .......cceecvvnenne 13 a 149 a 15.0
SWitch 62.5WG 0.69 1D 338 b 101 b 15.2
Bravo Ultrex 82.5WDG 1.8 ID....coccviviviiiiii e, 38 a 139 a 14.0
Kocide 2000 54WG 151D ...cuoviiiiiiiiici et 263 b 92 b 14.6

’Based on a visual estimation of percentage of plant infected.

YDiseased petioles removed from plant according to production standard.

*Column means with a letter in common or with no letter are not significantly different (Fisher LSD
Method; P=0.05).



Evaluation of disease predictors and thresholds for managing late blight

Predictors: Late blight, incited by the fungus Septoria apiicola, is the most important foliar
disease of celery in Michigan and results in necrotic lesions on leaves and petioles that can reduce yield
up to 80%. Most celery growers apply the fungicide chlorothalonil as frequently as every seven days to
protect the crop, but some of these applications may not be needed when environmental conditions do not
favor disease development. The purpose of this study was to evaluate disease predictors using a standard
(chlorothalonil) and a reduced-risk (azoxystrobin alternated with chlorothalonil) fungicide program for
managing late blight on ‘Dutchess’ celery in a 3-year study. Fungicides were initiated one week after
transplanting and reapplied every seven days or according to the Septoria, Cercospora, or TOM-CAST
predictors. The TOM-CAST predictor was tested using 10, 15, and 20 disease severity values (DSV) as
thresholds for fungicide application. In each year of this study, timing sprays according to the TOM-
CAST 10-DSV predictor resulted in disease control comparable to the 7-day interval, but required up to
five fewer sprays, and reduced fungicide costs up to $215/ha. The Septoria, Cercospora, and TOM-CAST
15-DSV predictors often provided control similar to the 7-day interval, but these predictors were
somewhat inconsistent compared to TOM-CAST 10-DSV. The TOM-CAST 20-DSV predictor required
the fewest number of sprays but unacceptable levels of disease resulted. The standard and reduced-risk
fungicide programs frequently provided similar control, but azoxystrobin alternated with chlorothalonil
was more effective than chlorothalonil alone when disease pressure was high.

Disease Thresholds: Michigan celery growers typically begin applying fungicides one to three
weeks after transplanting and reapply fungicides at 7- to 10-day intervals to manage late blight. Using
disease thresholds and/or predictors to prompt fungicide sprays may reduce the number of applications
needed for effective disease control. Weekly treatments of azoxystrobin alternated with chlorothalonil
were initiated early (one week after transplanting), preventively (four weeks after transplanting), or when
disease symptoms were detected at a trace, 5%, or 10% level on ‘Dutchess’ celery plants in years 1 and 2.
The early and preventive programs were equally effective in preventing petiole blight and yield loss. The
preventive program required three fewer applications, at a savings of up to $134/ha, when compared to an
early fungicide program initiated one week after transplanting. Delaying the initial fungicide application
until disease symptoms were detected resulted in high disease levels at harvest that were often similar to
untreated control plants. Additional field trials were established in years 2 and 3 at a research farm where
S. apiicola inoculum was applied and at a commercial field where early blight, caused by Cercospora
apii, developed from naturally-occurring inoculum. A fungicide program that alternated chlorothalonil
with azoxystrobin was initiated preventively and reapplied weekly or according to the Septoria predictor
or TOM-CAST 10-DSV and was compared with the standard, weekly application program initiated early.
Combining the use of preventive initial applications with the Septoria predictor or TOM-CAST 10-DSV
reduced the number of sprays by two to six while providing disease control that was comparable to the
standard weekly fungicide program initiated early. These programs reduced fungicide expenditures by
$71 to $213/ha compared to the weekly fungicide program initiated early.

This work was funded by the USDA CSREES Risk Avoidance and Mitigation Program Project
Award No. 2002-51101-01908, and by Celery Research, Inc.



Celery Insect Control Update

Beth A Bishop
Department of Entomology, Michigan State Univeristy
December 2007
(517) 355-5154 bishopb@msu.edu

A number of different insect pests feed on celery, reducing yield, and affecting marketability. Three of
the most challenging for growers are aster leafhoppers, aphids, and tarnished plant bugs.

Aster leafhoppers feed on a variety of crop plants and weeds. They damage plants primarily by vectoring
aster yellows, a serious disease of celery and other vegetable crops. Infection causes stunted, distorted
and discolored foliage and death of younger plants. Aster yellows is transmitted through feeding by
infected aster leafhoppers. No treatment is effective once plants become infected; the only way to control
the disease is to control the leafhopper vectors.

The risk of aster yellows to celery depends on both the number of aster leafhoppers and the prevalence of
aster yellows in the leafhopper population. The proportion of aster leafhoppers carrying aster yellows
varies from year-to-year, location-to-location, and over the season. This proportion, the infectivity rate,
determines the populations level at which insecticide treatment is required to prevent significant aster
yellows infection. Small changes in infectivity rate can significantly affect treatment threshold.

Since 2001, we have coordinated aster yellows testing of aster

Infectivity Rate Treatment leafhoppers collected from Michigan carrot and celery fields. In
Threshold 2007 we submitted 19 samples of leafhoppers to Diagnostic
(leafhoppers per Services for testing. These samples were collected from six
100 sweeps) different celery fields in Allegan County, one field in Newaygo
1% 35 County, one in Ottawa County and one in VVan Buren.
2% 17.5 Leafhoppers were collected from one to four times during the
5% 7 growing season from each field.
10% 35

As in previous years, the proportion of aster leafhoppers
carrying aster yellows (i.e., infectivity rate) was low during most of the growing season. Of the 19
different samples submitted, only four tested positive for aster yellows. Two of those positive samples
were of aster leafhoppers collected from celery fields in Allegan County in mid-June, one was from
Newaygo County, also in mid-June, and one was from VanBuren County in mid-July.

Prior to 2000, when faster, less expensive methods became available to test aster leafhoppers for aster
yellows infection, a single treatment threshold was used for the entire state and the entire season. This
treatment threshold depended on a presumed infectivity rate, or one that was determined very early in the
season. Usually that infectivity rate was 1 to 3%.

We compared treatment thresholds and resultant insecticide application recommendations between those
that would have resulted from the older method (using a constant infectivity rate of 2.5%) and those
generated by current methods of testing leafhoppers (using the most recent infectivity rate).



Of the 19 aster leafhopper samples tested, aster leafhopper populations at that site on that date exceeded
the “new” treatment threshold only 1 time and also exceeded the older treatment threshold only 1 time.
However, they were not the same dates and sites. So using the “old” treatment threshold would have
resulted in one unnecessary insecticide application and one necessary application would have been
missed. Despite the low aster leafhopper populations in southwestern Michigan celery fields over the past
few years, testing aster leafhopper populations for infectivity rates helps identify times when insecticide
application is crucial as well as helping to prevent the cost (financial and environmental) associated with
unnecessary applications.

Tarnished plant bugs and aphids are both challenging to control for celery growers. Tarnished plant bugs
are mobile insects that feed on a variety of crops. Winged adults can move into a celery field, feed for a
few hours, and fly out again leaving only their feeding damage behind. Aphid populations can build very
quickly in the hot, dry days of late summer, causing problems close to harvest. Many insecticides only
exacerbate aphid populations by killing the natural enemies that keep them in control. Over the past
several years we have investigated the efficacy of pre-transplant neonicitinoid treatments for preventing
aphid and tarnished plant bug infestations later in the season. With the assistance of grower-cooperators
in 2007 we were able to evaluate pre-plant treatments of imidacloprid (applied to celery plugs several
days before transplanting into the field) against plant bugs and aphids. Tarnished plant bug populations
were low throughout the season in all three celery fields evaluated. However, less plant bug damage was
found on plants treated with imidacloprid at planting than on untreated celery. One field experienced an
aphid outbreak in August. Imidacloprid-treated celery plants were significantly less affected than
untreated plants; both the number of infested plants and the degree of infestation was lower in the treated
celery plants. Neonicitinoids continue to be an effective way of controlling these sporadic, late-season
pests.
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Biological control: As it relates to NRKN and Michigan conditions, most biological control aspects
are at the experimental stage. What we explored was the application of NVS in connection with
potential biocontrol agents against NRKN. In the second series of studies, the interactions of NVS
and Hirsutella minnesotensis isolate SD3-2 Chen, Liu & Chen, a recently discovered endoparasitic
fungus from soybean cyst nematode (Heterodera glycines Ichinohe) in the Midwestern USA (
Chen et al., 2000), was examined using greenhouse NRKN populations from Rhode Island (RI),
Connecticut (CT), Geneva, New York (NYG), Lyndonville, New York (NYL), and Michigan (MlI).
In a factorial design, the effects of NVS, at 0 or 1 g, and H. minnesotensis, at 0 or 0.1 g fresh
mycelium/100 cm® of soil, were tested on the populations of M. hapla over 900 + 120 DD (Mennan
et al., 2007). Both treatments suppressed nematode population densities about 30-90%. Across all
treatments, the NYG, CT and RI populations were more suppressed than the NYL and Ml
populations, indicating potential site-specific application of NVS. The combination of the two
agents resulted in greater nematode reduction compared with H. minnesotensis alone, but not
compared with NVS alone. The results suggest that it may be possible for the two agents to be
applied concurrently.

Biofumigant/cover crop sources: Oilseed radish (OSR, Raphanus sativus), which can be used as a
trap, cover, or biofumigant when incorporated as a green manure crop, has a potential for managing
soil-borne biotic factors (Lauzier, 2002; Ngouajio and Mutch, 2004). Exploiting OSR’s multi-
purpose traits, however, requires careful balancing of the biology of NRKN and the prevailing soil
conditions. When an OSR Line ‘RO4S-PSOSR’, and cultivar ‘Diakon’ grown in 300 cm? of sandy,
loamy sand or muck soils were inoculated with 3,000 eggs of the above described Michigan NRKN
populations and maintained for about 500 degree days (DD, base 10 °C), all nematodes completed
their life cycle in both hosts, with significantly more nematodes in the sandy soil (Table 1). OSR
shoot growth was significantly lower in the sandy soil compared with muck or loamy sand soils
(Table 2). All tested NRKN populations behaved the same and they did not affect OSR growth.
Depending on the purpose for which OSR is to be used, how much biomass to generate in what soil
needs to be considered. The effect of soil type on OSR growth and NRKN population densities is
to be expected. However, the nematodes’ completing a life cycle at about 450-500 DD suggests
that OSR hosts like Diakon may be best used as a trap crop and terminated before the nematode
completes a life cycle (Fig. 2).




Table 1. The effects of OSR
cultivar and soil type on the
total numbers and percent Nematodes/qg fresh root
females of Michigan NRKN 0
populations at 504 degree Total Yfemales
days (base 10 C) after
inoculation. Means Host RO4S-PSOSR 53 3
followed by the same letters -
are not statistically Diakon 43 80
significant (P = 0.05).
: ( ) Soil type | Sandy 104 a 80a
Loamy sand 32D 68 b
Muck 10c 82a
Table 2. The effects of soil type
on OSR cultivar ‘Diakon’ .
growth at 504 and 540 degree Soil type Degree days (base 10 C)
days (base 10 C) after 1 )
inoculation. Means followed by 504 240
the same letters are not Sandy 0.95b 52b
statistically significant (P = i :
0.05). Loamy sand 116a 105a
Muck 153 a 10.8a

1Dry and 2fresh shoot weight.

Fig. 2. The
relationships among
OSR use, duration
of growth in degree
days (base 10 C),
and when our study
ended. Drawn from
Melakeberhan et al.,
2008.
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Emerging Strategies for Non-Pesticide Nematode
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Talk Outline:

i) Organic amendments

ii) Potential for biocontrol options

iii) Wise use of biofumigants/cover crops
iv) Options in the pipeline

v) How does it all fit into the big picture?

The Organic Amendment
N-Viro Soil ® (NVS)

e Recycled municipal biosolid
e Nutrient source

e Liming characteristics
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Conclusions (NVS)

1) There is some potential, but:

mechanisms unknown
agronomic challenges exist

2) Optimum conditions to apply

Brassicas (mustard) multi-purpose use:
®Trap crop (do not allow full development)

® Cover crop

® Biofumigant (glucosinolate => Isothiocyanaie

e Vegetable crop (some)
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SOME CONCERS? Methods
From the field into the lab:

Growers’ observation:

Increased infection after oil seed radish (OSR) use Soils pH | Crop | M. h?llpt'?
Type Sand population
Implication: Sandy 91% |7.1 | Nursery v
Potential loss of OSR use Loamysand |83% |73 | Nursery v
Muck 32% 5.5 Vegetable v
Questions:
What could be the basis for growers’ concerns? OSR: CV ‘Diakon’; Line ‘RO4S-PSOSR’

504 DD after inoculation

Growth of Diakon (grams).
Nematodes/g fresh root
Total efomales Soil type Degree days (base 10 C)

Host  |RO4S-PSOSR 53 73 504! 540

Diakon 43 80 Sandy 0.95b 52b

m -~ 03 ” Loamy sand 1.16 a 10.5a
an a a

Soil type | Sandy Muck 153 a 10.8a
Loamy sand 32b 68 b

"Dryand 2fresh shoot weight.

Muck 10¢ 82a

OSR’s use and growers’ concerns:
OSR’s use and growers’ concerns:

oTrap crop
®Trap crop

o Cover crop

o Cover crop i ey RS ® Biofumigant

. . o Combinations
© Biofumigant

e Combinations

0 500 1000
Degree days (base 10 °C)




POSSIBLE ANSWER TO THE CONCERNS

Will OSR work against M. hapla? Depends on use.

‘What is the likely basis for growers’ concern?

“NEMATODE COMPLETING A LIFE CYCLE”

LIFE CYCLE
ROOT-KNOT
NEMATODES

(Dr. R.S. Hussey, UOG)

iii) Wise use of biofumigants

LIFE CYCLE
ROOT-KNOT
NEMATODES

R.S. Hussey, U of G)

Background

Disciplinary loop and interactions

Brecding
Physiology

Cropping syste

Plant sciences
Soil science

Applied
Melakeberhan, 2007
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Weed Control in Celery

Bernard Zandstra
Michigan State University
East Lansing, Michigan
Zandstra@msu.edu
517-353-6637

Celery weed control trials were conducted at the MSU Muck Research Farm and at the Schreur Farm in
Hudsonville in 2007. Our objective is to find new herbicides that are safe on celery and to develop data
packages to support registration. In addition, we continue to test registered herbicides to determine the
most effective methods to use them on celery.

The registration for Chateau (flumioxazin) should be approved within the next year. It will be used as a
pretransplant or posttransplant treatment for control of most annual broadleaves and grasses. Chateau is
weak on composites, so weeds such as common ragweed, hairy galinsoga, common groundsel, and
marestail tend to appear 4-6 weeks after application. Unfortunately, these weeds tend to tolerate Caparol
and Dual Magnum also. The most effective method to use Chateau probably will be as a pretransplant
tank mix with Dual Magnum, followed by a postemergence application of Caparol 4-6 weeks later.
Lorox can be substituted for the Caparol. Do not apply the tank mix of Chateau plus Dual Magnum over
the top of the celery transplants because it can cause serious phytotoxicity.

We continue to discuss with Syngenta the possibility of a label change to allow two applications of
Caparol at 1 gt each. They have agreed in principle but the label has not been rewritten yet. We are
looking at KIH-485 as a posttransplant application, and GoalTender as a postemergence treatment to
control the composites and other broadleaves.



