
Table 1. Bedding Plants and Some of Their Common Problems
in the Greenhouse

Plant Cultivar(s) Pest(s)

Ageratum All

Alyssum All

Begonia All

Begonia Tuberous

Celosia All

Whiteflies, WF thrips, aphids, spider mites

Whiteflies, WF thrips, aphids

Rhizoctonia (damping off), WF thrips?

INSV, WF thrips, Xanthomonas (bacterial
blight)

WF thrips, aphids

Dahlia Seed-grown Aphids, WFthrips, Botrytis

Dahlia Tuber-grown TSWV, aphids, WF thrips

Dianthus All

Gazania

Geraniums

Geraniums

All

Cutting-
grown

zonals

Cutting-
grown

Aurora,
Snow Mass

Ivy types
Geraniums (cutting-

grown)

Geraniums

"Martha

Washington"
types (cut
ting-grown)

WF thrips, Botrytis

WF thrips

Botrytis, Xanthomonas (bacterial blight),
Phythium (root rot), fungus gnats

Same as other cutting-grown zonals plus
whiteflies, Fe/Mn toxicity esp. on Aurora

WF thrips (esp. Sybil Holmes),
Xanthomonas (bacterial blight) oedema

Whiteflies, Pythium root rot

Geraniums Seed-grown Botrytis, Pythium (root rot), Xanthomonas
zonals (bacterial blight) if near infested cuttings

Herbs

Impatiens

All

All wallerana

(sultani)
and hybrid
varieties

Whiteflies, aphids, WF thrips, mites

WF thrips, green peach and melon aphids,
TS spider mites, TSWV/INSV, Rhizoctonia
(crown rot, damping off), Botrytis
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Biopesticides
Leanne Pundt

Extension Educator
Commercial Horticulture

i n recent years, several biopesti
cides have become available to

the greenhouse industry. The active ingredients in biopesticides
may include bacteria, fungi, nematodes or viruses. Interest in
biopesticides has increased for several reasons including 1)
environmental concerns due to the dependence on chemical
pesticides and their effect on groundwater pollution and nontar-
get organisms, 2) development of resistance to chemicals, 3)
increased implementation of integrated pest management (IPM)
practices and 4) recent advances in biotechnology.

Some advantages of biopesticides are their selectivity to a tar
geted pest, lower toxicity to beneficial insects and greenhouse
workers, and shorter reentry intervals (REIs) compared to tradi
tional chemicals. Biopesticides are most effectively used as part
of an 1PM program. Regular monitoring ensures early detection
of the targeted pest. Monitoring also will enable growers to spot
treat infestations and to evaluate treatments.

However, in spite of these advantages, there are some disad
vantages to the use of biopesticides. Biopesticides may be less
effective than traditional pesticides. You may not see the quick
knockdown of pest populations. Because biopesticides tend to
be slower acting than traditional pesticides, youmust not expect
immediate results. Biopesticides tend to have less of an broad
spectrum effect than traditional pesticides. In addition, some
products are more expensive than traditional chemicals.

The following table is a partial listingof selected biopesti
cides (Avid, Gnatrol, Naturalis-O, Spod-x-LC, SoilGard 12 G) and
materials that tend to be more compatible with biological con
trol agents (Azatin EC, Citation, Precision, Sunspray Oil, Enstar
II, Insecticidal Soap).

Future Directions

University of Vermont researchers are investigating the use of
additional entompathogenic (insect-killing) fungi for use against
certain greenhouse pests. These fungi are not adversely affected
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Product and

Active

Ingredient

Avid

(abamectin)
that is pro
duced by
soil microor

ganisms
Streptomyces
auermitilis

Azatin EC,
Neemazad

(azadirachtin)

Citation

Enstar II

(kinoprene)

Gnatrol

(Bacillus
thuriengiensis
H-14)

Hot pepper
wax

Trageted Pests

Two-spotted
mites,
leafminers

Whiteflies,
thrips, leafmin
ers, mealybugs,
loopers, cater
pillars, beet
armyworms,

aphids

Dipterous
leafminer lar

vae, fungus
gnat and shore
fly larvae

Aphids, white
flies, soft-
bodied and

armored scales,
mealybugs, lar
val and adult
fungus gnats

Fungus gnat
larvae

Aphids, spider
mites, thrips,
leafminers,
whiteflies, lace
bugs, leafhop-
pers and scale

Comments

Not considered disrup
tive to natural preda
tors or beneficial

insects. May take
three to four days
to see maximum

effectiveness

Acts as insect growth
regulator, feeding and
oviposition deterrent.
May be used on cer
tain herbs and vegeta
bles.

Insect growth regula
tor. Available in water

soluble packets.

Insect growth regula
tor. Do not apply
through any type of
irrigation system.

Make three weekly
applications.
Compatible with
beneficial nematodes,
Hypoaspis mites.

Insect repellent con
taining hot pepper
extract and paraffin
wax concentrate and

herbal extracts.
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Cost

1 quart
$206.50

Azatin EC:

1 quart =
$163.80

Neemazad:

1 quart =
$225.45

1 packet =
$37.60

5 oz. =

$74.41

1 gallon =
$36.74

1 quart =
$19.95

become serious problems. Reductions in plant quality or out
right crop losses may result.

Environmental or cultural conditions adverse to healthy plant
growth can also cause plant disease symptoms, such as leaf
spotting from a misapplied spray or root damage from high solu
ble salts.

Table 1 lists the key (problem-prone) bedding plants and their
key (most common) pests. Each greenhouse may have its own
unique problems, some of which may not be listed.

The foundation ofeffective monitoring (or scouting) is train
ing one's powers ofobservation to recognize disease symptoms
and environmental conditions which favor outbreaks, and learn
ing to associate particular crops with particular problems.
Experience increases a scout's ability to correctly identify the
causes of plant disease symptoms.

Controlling bedding plant diseases in greenhouses requires
some knowledge of the conditions allowing the problem to
develop in the first place. Adisease outbreakdepends on the
presence of four interactingelements:a pathogen, susceptible
plant(s), environmental conditions conducive to disease and
timefor the problem to develop. Some disease-causing organ
isms, such as Botrytis cinerea, are almost inevitably present in
every greenhouse, but infections may occur only when plant sur
faces are wet for extended periods of time. In other cases, the
pathogens are introduced to the greenhouse with seeds, cuttings
or plants, and the grower may become aware ofthem only when
environmental or cultural conditions shift to favor the
pathogens. Disease outbreaks are often traceable to cultural
problems (e.g. wet foliage in the case ofBotrytis') which persist
long enough for an outbreak to occur.

An IPM approach to controlling bedding plant diseases
involves targeting these four elements essential for disease
development in a natural strategy for disease prevention—using
a source of clean plant material, monitoring regularly to recog
nize problems early and providing optimum cultural conditions
for thecrops. Fungicides and bactericides, where they are effec
tive, are useful tools, but much can beaccomplished through
good cultural management practice.
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The IPM Way to Manage
Bedding Plant Disease

Part I: General Information and Contagious Diseases

Dan Gilrein
IPMSpecialist

Cornell Cooperative Extension
Margery Daughtrey

Senior Extension Associate
Department ofPlantPathology, Cornell

(Editor's Note:This is a three-part article provided to help growers
better understand how to manage bedding plant diseases. Part I will
discuss some general information and contagious diseases; Part IIwill
discuss foliar diseases caused by viruses and bacteria; and Part III will
review noncontagious diseases. Adherence to the basic principles out
lined here plus using good growing techniques willallow growers to
produce quality plants. Part II and III will appear in the next issue of the
Connecticut Greenhouse Newsletter.)

u nlike growers of outdoor
crops, greenhouse growers

are able to control many aspects of the environment, including
growing media, temperature, light, humidity and pest access, to
favor the crop in production. Upsetting one or more elements of
this balancing act can cause symptoms of plant disease directly
(leading to noncontagious, stress-related diseases) or lend the
advantage to pathogens (encouraging contagious diseases).
Producers of greenhouse crops, including bedding plants, can
utilize environmental and cultural controls to minimize plant dis
ease problems and dependence on fungicides. The IPM
approach involves learning what the expected disease problems
are on each crop, then devising simple monitoring and control
strategies for those problems.

The most common contagious bedding plant diseases are
caused by plant pathogenic fungi, bacteria and viruses. Some
pathogens are quite specific to certain plants while others can
affect a wide range of hosts. Under favorable environmental con
ditions for disease development, contagious diseases can
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M-Pede

Gnsecticidal
Soap)

Naturalis-0

(Beauveria
bassiana

JW-1)

Spod-X-LC
(Spodptera
exigua)

SoilGard 12G
(Gliocladium
virensGl-21)

X-Gnat,
Scanmask

(Steinernema
feltiae)

Sunspray
Ultrafine

Horticultural

Oil

Aphids,
mealybugs,
plant bugs,
scales, thrips,
whiteflies and

spider mites

Aphids,
thrips, mites
and whiteflies

Beet army-
worm

Beneficial fun

gus that
inhibits

Pythium and
Rhizoctonia

Fungus gnat
larvae

Aphids,
mealybugs,
scales, white
flies, spider
mites

May be used on herbs,
spices and vegetables
applied up to day of har
vest. Phytotoxicity a con
cern, esp. with repeated
applications.

Three to five applications
may be necessary to man
age populations. Good
spray coverage is essential.

A nuclear polyhedrosis
virus (NPV). Early instar
larvae must ingest product.
Temperatures above 90°F
will inactivate virus.

Suppression has been
shown on geraniums, vinca
and zinnia. Must be added
during the media mixing
process to ensure even

distribution of granules.

Check to see that the

nematodes are alive before
treatment. Apply when
media temperatures are
between 55° and 90°F.

Slower drying time of oil on
leaves may cause phytotoxi
city. Use on noncloudy days
to promote rapid drying,
spot test first and avoid
application on sensitive
plants such as coleus, wax
begonia and flowering bed-
ding plants among others.
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1 gallon
$29.32

1 quart
$48.43

1 gallon
$276.00

Price not

available

at this

time.

X-Gnat: 1

case of 12

pint con
tainers =

$290.64

ScanMask:

25 million

nema

todes =

$37.50

2.5 gal.
$31.72



Triact 90 EC

(clarified
hydropho
bic extract
of neem

oil)

Black spot
on roses,

anthracnose,
rust, pow
dery mildew,
downy
mildew,
botrytis,
whiteflies,
thrips,
mealybugs,
leafminers,
loopers,
caterpillars,
beet army-
worms,

aphids,
psyllids,
mites, scales

Do not apply through any
type of irrigation system. Do
not use on food crops. Apply
every 7 to 14 days for
disease prevention. For
insects, spray every 7 to 14
days depending upon sever
ity of pest problem.

Price not

available

at this

time.

byshort day lengths which can be a limiting factor on the use of
some natural enemies such as Orius sp. However, thorough
spray coverage is important to ensurecontact with the targeted
insect. Currently, application methods and compatibility issues
with chemicals and biological control agents are under investiga
tion. 6

Try biopesticides on a small scale to increase worker safety
and to reduce the adverse environmental effects of traditional
pesticides. Use biopesticides in your IPM program and treat spot
pest infestations as soon as you detect them.
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flat drops to $0.15 and the 1,000 square feet of area can be filled
in 12 labor hours. The paybackfor this machine can be as little
as 10,000 flats.

Automatic transplanters are becoming more popular with
larger growers as technology advances. These require a crew of
eight to 10 people to operatethe complete system from flat fill
ing to setting the plants in the greenhouse.

Depending on manufacturer, rates of production vary between
50 and 800 flats/hour. Most transplanting machines require two
to four people tooperate with one person or more checking for
skips. The rate perperson can beas high as 100 flats/hour.
Assuming 65 flats/person/hour and theabove-listed parameters,
the cost per flat is $0.09.

With a price tag of $30,000 to $60,000, the payback requires a
large production volume. In our example, ifweassume that we
now have a transplanting conveyor system and are considering
purchase of a machine that costs $60,000, the greenhouse opera
tion would have to produce slightly over 300,000 flats/year to
have a three-year payback period.

Based on comments by a panel at the recent Professional
Plant Growers Association meeting in Buffalo, the greatest
advantage to the automatic transplanter is the rapid replanting
that can be done to fill growing areas that have been shipped.
Keeping the production area full of plants increases the gross
dollars from the greenhouse.

The above examples are given to show that there are signifi
cant differences in the cost of transplanting. Whether you
should consider changing toa new system will depend on a
number of factors that should include accurate data on the pre
sent output and costs.

Connecticut Greenhouse Newsletter
3


