
Most experiments in North America and Europe have
generally shown S. feltiae to be the better nematode to use
against fungus gnats. Hypoaspis mites at predatonprey
ratios of either 1:10 or 1:5 were more effective than any
nematode evaluated. As mentioned above, these mites
have been quite successful in controlling fungus gnats.
A combination of mites and nematodes also is effective.
Results against shore flies have not been as clear, pos
sibly because of the habitats in which the larvae are
found. The nematodes and predatory mites used for insect
control are not aquatic organisms and may not survive
well in areas containing shore fly larvae.

For fungus gnat management, the first few weeks of
establishing a new planting are the most important. Shore
flies usually appear later. Monitoring for fungus gnat
adults (and shore fly) larvae is very important.

(Reprinted from the Proceedings of the 1994 New
England Greenhouse Conference, pp 110-112. Note: If you
missed the 1994 NEGC and would like a copy of the
proceedings see instructions on page 28.)
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Preventing Pest Problems
During Propagation

Leanne Pundt
Extension Educator

During propagation, grow
ers may suffer losses due

to diseases or insects. This article will discuss potential
problems on vegetatively propagated material including
geraniums, impatiens and bedding plants.

Prevention

Prevention with a thorough sanitation program is the
first step in pest management. If possible, the propagation
area should be separated from the main growing area.
This will help to reduce the emigration of flying insects,
windblown spores or weed seeds. A screen may be used
to isolate a propagation section of a greenhouse from the
main production area.

Walkways, tools, benches and growing containers
should be disinfected. Growers should select vigorous
disease-free cuttings and use a sterile well-drained
growing media. The propagation area should be free of
weeds and plant debris.

Pythium and Botrytis
Geraniums may become infected with Pythium, botrytis

blight and bacterial blight. Black leg caused by Pythium
sp. may affect cuttings or young plants. At first, growers
may see brown water-soaked lesions that develop at the
cutting base. These lesions darken to coal black and
progress up the stem from its base. Pythium infection may
be confused with botrytis blight or bacterial blight. Cut
tings infected by Botrytis blight tend to be dark brown in
color. Black leg has more of a water-soaked appearance
and develops more rapidly than bacterial blight. Growers
should use a well-drained growing media and avoid
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overwatering. Maintaining a root zone temperature
between 60 to 65°F will help discourage Pythium.

Botrytisblight caused by Botrytis cinerea is favored by
high humidity levels. Fuzzy grayish-brown spores
(conidia) form under humid conditions and are easily
spread by air currents or splashing water. Wounded
tissue is more susceptible to attack by Botrytis. Stubs left
after cuttings are taken from stock plants, flower petals
and injured leaves are the primary sites of infection. On
impatiens cuttings, Botrytis colonizes weakened scorched
leaf tips. Geranium seedlings grown under cool moist
conditions are susceptible to Botrytis blight.

Recently, researchers monitored the concentrations of
Botrytis spores in propagation areas. They found that the
highest concentrations of spores were present in the air
when growers were irrigating and fertilizing stock plants,
spraying pesticides, cleaning benches and harvesting
cuttings. During the seven- to 12-day period between the
planting of geranium cuttings and application of a fungi
cide, cuttings were exposed to peak levels of Botrytis
spores. Spore levels increased as the cuttings matured.

The first step in Botrytis prevention is to provide ade
quate ventilation and heating to lower humidity levels.
Adequate plant spacing is important to improve air circu
lation and help prevent leaf and flower petal infections
from spreading to adjacent plants. Fungicides are a useful
tool to supplement environmental management. However,
certain Botrytis populations may develop resistance to
fungicides that are used repeatedly in a spray program.

Dr. Moorman, from Pennsylvania State, has reported
botrytis populations resistant to dicarboximide fungicides
(Ornalin and Chipco 26019) or benzimidazole fungicides
(Benlate, Cleary's 3336 and Domain). Growers should
assess treatment effectiveness, especially if a fungicide
has initially worked well with declining effectiveness
though the season. If resistance is a problem, Dr. Moor
man suggests that growers use dicarboximide fungicides
when high levels of control are needed, perhaps only once
during the bedding plant season.

Bacterial Blight
An occasional wilted leaf may be the first symptom of

bacterial blight. Symptoms become more obvious in the
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Nematodes do not kill the insects directly but enter
bodies through openings and release bacteria, which
multiply rapidly. The bacteria, which are harmless to
humans and other animals, kill the insect. The insect
usually dies one or two days after invasion by the nema
todes. The nematodes reproduce in the body of the insect,
feed on the bacteria and leave the dead insect to seek or
await other hosts.

Figure 1 shows results of a laboratory experiment in
which nematodes and Hypoaspis were used for fungus
gnat control. Fungus gnat larvae were placed in moist
potting mix in plastic petri dishes. A single application of
nematodes or Hypoaspis was made. Percent mortality was
calculated based on the number of larvae placed in each
petri dish and subsequent adult emergence. All nema
todes provided some control, but there were differences. S.
carpocapsae from Biosys (^Exhibit from Ciba) was the
least effective nematode.

Untreated

Hypoaspis (1:5)

Hypoaspis (1:10)

S.f. (Biosys)

S.c. (Biosys)

H.b. (Hydrogardens)

S.c. (Hydrogardens)

S.c. (BloLoglc)

100

Figure 1. Laboratory evaluation ofnematodes and Hypoaspis
predatory mites for fungus gnat larval control Bars represent
percent mortality, based on adult emergence. All nematodes
applied once at 3 billion/acre. S.c. - Steinemema carpocapsae;
S.f. - Steinemema fettiae; H.b. - Heterorhabditis bacteriophora.
Numbers in parenthesis after Hypoaspis are predator.prey ratios.
Words are company sources ofthe nematodes.
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Table 1. Insecticides registered for control of fungus
icnats in the U.8.

Pestici de Adults Larvae

azadirachtin (Azatin) X

BacUlus
thuringiensiS'H14
(Gnatrol)

X

chlorpyrifos
(Duraguard) X X

fenoxycarb (Precision) X

kinoprene (Enstar II) X

oxamyl (Oxamyl 10G) X

cyfluthrin (Decathlon) X

resmethrin (resmethrin
EC26, PT 1200) X

pyrethrum (PT1600A,
PT170) X

Biological Control
Biological controls include predatory mites and entomo-

pathogenic (beneficial) nematodes. Nearly all of the experi
mental data have been obtained against fungus gnats, not
shore flies. The predatory mite Hypoaspis miles are being
successfully used for fungus gnat control on greenhouse
vegetables and ornamentals. The tiny mites are released
at a rate of five to 50 per container and will feed on fungus
gnat larvae. The mites can even be pre-mixed in the
potting media.

Beneficial nematodes are available for fungus gnat
control and are also being evaluated against shore flies.
Worldwide, several nematode species and isolates within
species are now available for fungus gnat control. In the
U.S., Steinemema carpocapsae isolates are commonly
used, but other species, notably S. feltiae and Heteror-
habditis sp. are, or soon will be, available.
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spring as temperatures and plant handling increase. Look
for small (less than 1/8 of an inch) round brown leaf
spots within a v-shaped wedge. Because there is no con
trol, diseased plants must be rogued. (For more informa
tion on preventing bacterial blight, see "Spring Cleanup
Advance" in CGNL issue #182.)

Damping-off

Damping-off is the most serious problem affecting bed
ding plant seedlings. Soil-borne fungi such as Pythium or
Fusariumor Rhizoctoniamay cause damping-off. These
soil-borne fungi are difficult to eradicate from the green
house environment.

There are two major types of damping-off, pre-emer-
gence damping-off and postemergence damping-off. In
pre-emergence damping-off, seed decay occurs before
germination. In post-emergence damping-off, seedlings rot
just below the soil line. Older plants may develop fungal
stem and root rots.

Damping-off is favored by excessive soil moisture and
overcrowded seed beds. Before germination, low soil tem
peratures (below 68°F) favor damping-off. Aftergermina
tion, high soil temperatures (above77°F) favor damping-
off. The use of bottom heat will help to maintain media
temperatures between 70° and 75°F to aid in seed
germination.

If damping-off is detected early, growers may discard an
isolated infested flat or spot treat. Broad spectrum treat
ment may be needed, but first, growers should consult
the label for information on crop sensitivity to fungicides.
Fungicide treated seed may be another option for
management.

Researchers are investigating the use of beneficial fungi
against damping-off. Currently, a beneficial fungus, Glio
guard {Gliocladium virens) is labeled for use against
Pythiumand Rhizoctonia damping-off. Growers need to
allowone day for incubation of G. virens before seeding or
transplanting. Glioguard should not be used with chem
ical fungicides.

Recently, researchers evaluated Glioguard against
damping-off on celosia, geranium and zinnia. Overall,
fungicides were more effective than Glioguard. G. virens
was more effective against damping-off on the faster
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germinating zinnias and celosia than the slower germin
ating seedling geraniums.

Fungus Gnats and Shoreflies
The moist environment common to propagation areas

encourages both fungus gnats and shoreflies. Fungus
gnats may cause direct plant injury, especially on thick-
stemmed cuttings such as geraniums and sedum. Losses
from 20% to 40% have been reported in propagation
areas. Fungus gnats help transmit Pythium sp. and
Thielaviopsis basicola (the causal agent of black root rot
on pansy).

Thrips
Thrips tend to be less of a problem in propagation areas

due to the use of intermittent mist, which makes it diffi
cult for the delicate winged adults to fly. The tolerance
level for thrips is zero, due to their role as vectors of impa-
tiens spotted necrotic virus (ISNV). If possible, growers
should isolate seedling propagation from vegetatively
propagated ornamentals to reduce the possibility of
vul-nerable seedlings becoming infected with ISNV.

Thoroughly clean propagation areas and carefully
monitor incoming plant material to reduce pest problems
this spring.
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fresh media. Shore flies often appear after the fungus gnat
numbers begin to decline and after algae becomes wide
spread.

Yellow sticky traps are useful for detecting adults of
both insect groups. Vertical or horizontal traps can be
used, but horizontal traps are more effective. Check the
traps weekly to determine whether numbers are
increasing or decreasing. Fungus gnat larvae can be
detected by placing potato slices on the potting mix
surface. Lifting the slices after 24 hours or so will show
larvae on the potting mix surface as well as the potato
slices. This method will not work for shore fly larvae.

Integrated management consists of cultural, chemical
and biological methods. There are possibilities in all of the
categories.

Cultural Methods

Potting mixes vary in their attractiveness to fungus
gnats, and/or capacity to produce these insects. "Imma
ture" composts, less than six months old, may be more
attractive to fungus gnats and promote higher survival.

Water management may help reduce fungus gnat and
shore fly numbers. Overwatering will contribute to their
development, as will areas under benches that remain
constantly wet due to poor drainage, leaks, etc. Algae will
grow in these areas as well, providing a food source for
shore flies. Too little water may increase fungus gnat
injury, because the larvae may enter plant stems
searching for moisture.

Sanitation within the production areas will help. Green
houses with weedy areas may have more problems with
fungus gnats and shore flies than clean facilities. If
fungus gnats are constant problems in propagation areas,
separating these areas (e.g. using screening) from the
main plant production areas and the outside will help.

Chemical Methods:

Table 1 lists the insecticides specifically registered for
fungus gnat larval and adult control. A combination pro
gram involving larval and adult control will be necessary,
if the infestation is well established. Fenoxycarb is
registered for shore fly control.
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Management of Fungus
Gnats and Shore Flies

Richard K. Lindquist
Department ofEntomology

The Ohio State University/OARDC
Wooster, OH 44691

Rungus gnats and shore
flies are commonly asso

ciated with greenhouse plant production. Fungus gnats
are flies in the Family Sciaridae. There are several fungus
gnat species in the genus Bradysia, Shore flies are in the
Family Ephydridae and are often confused with fungus
gnats. This confusion probably is because the two insect
groups are found in similar locations within the green
house. The most common species found in greenhouses
in the U.S. is Scatella stagnaUs. Fungus gnats and shore
flies have four developmental stages—egg, larva, pupa and
adult.

In addition to being nuisances, both insect groups can
cause other problems. Fungus gnat larvae can damage
healthy roots, stunting or killing young plants during
propagation. There have been reports of 20% to 40% of
plants lost in propagation due to fungus gnat injury.
Shore fly adults and larvae feed on algae. They do not
normally injure plants through direct feeding. There are
links between fungus gnats and/or shore flies and several
plant pathogen genera, including Pythium, Verticillium,
Cylindrocladium, Sclerotinia and Theilaviapsis. Both,
adults and larvae may carry spores on or in their bodies
and may carry them from diseased to healthy plants.

Fungus gnats normally follow a predictable cycle in
any planting. The first two generations are the largest,
followed by a leveling-off or decline in numbers. Contin
uous production (i.e. adding new plants in fresh growing
media) may keep fungus gnat numbers high, because the
insects will keep moving to the potting mix containing the
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Designing a Root Zone
Heating System

John W. Bartok, Jr.
Extension Agricultural Engineer

o 'ptimum root temperature
reduces the time to root

cuttings and germinate seed. Also, research has shown
that root zone temperature is more critical than leaf tem
perature in achieving good plant growth.

If the root zone temperature is maintained at the opti
mum, the air temperature in the greenhouse can be
lowered as much as 15°F. This reduces heat loss from the
greenhouse and, thereby, energy consumption. Poinsettia,
cineraria, calceolaria, dieffenbachia, roses and bedding
plants will do well with a cooler night air temperature.

System Components
A typical system contains piping, circulating pump,

water heater or boiler and control system. To be effective,
the system must be designed to provide uniform temper
ature over the floor or bench area.

The system operates by circulating hot water (from
90° to 110°F) through pipe loopsconnected to supply
headers. By having the loops the same length and using a
reverse return supply system, temperature will be the
same anywhere in the heated area.
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