BIOLOGICAL CONTROL

A hemipteran pest killed by an insect-killing fungus. The white fluffy
mass is fungal material growing out of the insect’s body.

Lady beetle larva feeding on aphids

Note the parasite egg (arrow) that has been laid on the
surface of the body of a larval pest.




A crab spider feeding on an insect pest. Photo by E. Memmler.
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BIOLOGICAL CONTROL

Biological control is the use of living organisms - natural enemies such
as predators, parasites and pathogens - to regulate pests. Some crops
and their pests are better suited to biocontrol than others. Biocontrol
agents regulate pests by consuming them (predators), parasitizing them
(parasites, parasitoids), or infecting them (pathogens). Several types of
organisms are available for greenhouse use, including insects, mites,
bacteria, fungi, and nematodes.

The Advantages:
e Reduced reliance on pesticides
e Reduced health risks to workers and the environment
e Few phytotoxicity problems
e Delayed development of pesticide resistance
e No re-entry delays after application or release

e Increased crop value

The Disadvantages:
e Requires some specialized knowledge
e May not completely eliminate the pest
e Must be used with other IPM tactics
e May cost more than some pesticide treatments
e Sensitive to temperature and environmental conditions
e Not always compatible with chemical pesticides

e Pest population reduction occurs slowly
Keys to Success. Biologicals do not work in the same way as chemi-
cals and it takes time to learn how to use them effectively. They are

best used in the early stages of an infestation, as a preventative means
of control, not after an outbreak has occurred. Regular scouting, pest
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identification, and an understanding of the pest and natural enemy
biology are critical for success. Some pesticides may be compatible
with biological control if applications are made at the right time.
Some important points to remember when considering using biologi-
cal control:

e Identify the pest(s); some biologicals are pest-specific.
e Develop a plan before you start.

e Start small, don’t try to solve all of your pest problems with
biological control the first time.

e Know the history of the greenhouse; persistent pesticides can
kill many biological control agents.

e Select areliable biocontrol supplier (one who can also provide
technical support).

e Place your order in advance so natural enemies arrive on
time.

e Purchase only what you need and use them promptly, some
cannot be stored.

e Handle natural enemies properly to ensure their survival.
e Follow recommended release rates and schedules.

e Make sure temperature, humidity and lighting are right for
the beneficial at the time of release.

e Monitor and record success with natural enemies.

Before using biological control, a grower must explore options for
the pest. Biological control information is available from the As-
soc. of National Biological Control Producers (www.anbp.org),
P.O. Box 1609 Clovis, CA 93613-1609 Tel: (559) 360-7111. For a
list of commercial sources of biological control agents on the web:
http://www.cdpr.ca.gov/docs/pestmgt/ipminov/ben_supp/contents.htm

Additional references and useful websites are listed at the back of
the book. When talking to a supplier, you will be asked for details
on the target pest, level of infestation, crop type, area to be treated,
etc., before calculations on release rates can be made.
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BASIC INFORMATION ON
BIOLOGICAL CONTROL AGENTS

Lady Beetles

Adults and larvae are predators of soft-bodied insects such as aphids, scales,
and whiteflies. Adults (0.06-0.4 in. long) come in various colors. There are
>500 naturally occurring species in North America. Wild lady beetles may enter
greenhouses and live there if pesticides are used selectively.

Adult ladybird beetle

Species commercially available:

Coleomegilla maculata (pink-spotted ladybird beetle)
Adalia bipunctata (two-spotted ladybird beetle)
Hippodamia convergens (convergent ladybird beetle)

Oblong, upright, yellowish
eggs are laid in clusters on
the undersides of leaves.

Life Cycle

3-6 weeks

Adults come in many Larvae are soft-bodied,
sizes and colors. -~k ” covered with spines,
— and have diverse
color patterns.

and attached to the
undersides of leaves.

Photos by Alton N. Sparks Jr., Lance S. Riley, and Cheryl Frank.
© University of Vermont, Entomology Research Laboratory 2005
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Lady Beetles cont’d Small Wasps

DELPHASTUS. Adults and larvae attack eggs and nymphs of greenhouse and
silverleaf whiteflies, consuming up to 10,000 eggs over its life. Adults are shiny
black with a reddish-orange head; larvae are pale yellow. Adults are strong fli-
ers, detecting prey by smell. Females must eat 100 prey/day to reproduce, so
beetles will not persist without the host. Beetles recognize and avoid parasit-
ized whiteflies, so they can be used together with parasitic wasps (Encarsia and
Eretmocerus).

ENCARSIA. These tiny wasps are about 0.02 in. long and lay their eggs in
whitefly larvae or pupae on the undersides of leaves. Parasitized hosts turn into
black or brownish cases. Adults have a black or brown head and thorax. The ab-
domen is yellow. They are commercially available on hanging paper tags, which
should be placed on plants that are highly susceptible to whitefly.

Encarsia (indicated by arrow)
Delphastus (0.06 in. long) feeding on whitefly. on hanging tag

Species commercially available:
Encarsia formosa

Species commercially available:
Delphastus pusillus (= catalinae)

Beetles deposit eggs (left)

within or around clusters | 13 . .

of whitefly eggs (below). Wasps Eopescae i
whitefly larvae or pupae.

Life Cycle ¥ 48 T P ‘ e : Lilie Cycle
3 weeks i : ’ . v ; 3.5 weeks

New adults are cream = - ale yellow predatory
colored, turning black : % larvae feed for 7-10 days.
over time.

Adult wasp emerges ey p—— Parasite completes 3 larval
from case. Gk it stages inside host
4 (see arrow).

The non-mobile pupa looks /asp pupates within
like a cadaver attached to darkened case.
the undersides of leaves.

Photos by Jack Kelly Clark, UC IPM Program, Bradley Higbee, John Ruberson, and Ken Grey.

Photos by Cheryl Frank, Mark Hoddle, John A. Weidhass, Jack Kelly Clark, and Lance S. Riley.
© C.E. Frank & M. Skinner, University of Vermont, Entomology Research Laboratory, 2006

© University of Vermont, Entomology Research Laboratory 2005
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Small Wasps cont’d Small Fly

APHIDOLETES. These tiny predators (called gall midges by some) are about
0.1 in. long and attack about 60 different species of pests. When aphids are
plentiful they will attack and kill more individuals than they can eat. They inject
a poison into the aphid and suck out the contents, leaving a shriveled brown

APHIDIUS. These small wasps are about 0.08-0.12 in. long that parasitize
aphids. They lay many eggs and complete their life cycle quickly. Some species
are host-specific, so care must be taken to select the right species for the aphid
present in your greenhouse. Some species occur naturally and may enter your

greenhouse on their own. ' carcass. They do not bite humans. Adults are inactive during the day and swarm
at night. Some are temperature and light-sensitive, which limits their use during
certain times of the year.

Aphidius preparing to parasitize
an aphid

Species commercially available:
Aphidius colemani, Aphidius ervi,
Aphidius matricariae

Adult gall midge

Species commercially available:
Aphidoletes aphidimyza

Wasp eggs are laid
inside the aphid. eggs are laid near
aphid colonies.

Lite Cycle ‘ \ : " ‘ ; Life Cycle
2 weeks _ ‘ 5 3-4 weeks

Adult wasps emerge through - - Parasite completes 4 larval i Tiny mosquito-like adults R T Larvae are reddish-
a hole they cut in the e i, stages inside host. have long legs v 2 orange soft-bodied
mummy. 4 i l e and antennae. 2 e ey maggots.

Midges pupate in the top
layer of the soil in cocoons
covered with grains of soil.
They overwinter as pupae.

Wasp pupates inside aphid,
which becomes a round,
golden-brown case or
“mummy.”

Photos by Peter J. Bryant and Cheryl Frank.
© University of Vermont, Entomology Research Laboratory 2005
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Photos by Jack Kelly Clark, Syngenta Inc., Maria Keating, Cheryl Frank, Biobee Inc.
© University of Vermont, Entomology Research Laboratory 2005

55



Predatory Mites

Many species of mites (which are not insects) occur in greenhouse crops, some
are predatory and others plant feeders. As adults they typically have round or
oval bodies with 8 legs. Common pests of greenhouses are two-spotted spider

mite, russet mite, broad mite, Lewis mite, carmine mite and European red mite.

Predatory mites are often slightly larger and a different color from pest mites.
They tend to move quickly over plant surfaces in search of prey.

two-spotted spider mite (left).

Stage 1: Egg

Oval or oblong, deposited
ually on
undersides of leaves.

Stage 5: Adult r. Stage 2: Larva
Life Cycle
Few days to weeks —
Duration is temperature 6 legs, usually
and humidity clear color, may
dependant or may not feed.

5, active
edator.

Stage 4: Stage 3:
Deutonymph Protonymph

8 legs, usually very active

Photo by Jack Kelly Clark, UC IPM Program
© C.E. Frank & M. Skinner, University of Vermont, Entomology Research Laboratory 2006
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Adult predatory mite (right) with

o O
HHEEHEEEEEEHEBEE

COMMONLY USED PREDATORY MITES

Neoseiulus (Amblyseius) cucumeris Neoseiulus (Amblyseius) californicus

» Target pest: Thrips immatures, » Target pest: Spider mite, broad mite,
spider mites. cyclamen mite.

* Tan-yellowish; survives on pollen * Pear shape; clear to pale yellowish-
and spider mites in the absence of orange; slower predation rate; also
thrips. survives on pollen.

Neoseiulus (Amblyseius) fallacis Hypoaspis miles & Hypoaspis aculeifer
* Target pest: Spider mite, russet mite, * Target pest: Fungus gnat and thrips

European red mite, cyclamen mite. larvae and pupae; shorefly larvae.
* Pear shape; clear until it feeds on ¢ Dark tan above, light tan below;
prey; high predation rate; survives soil-dwelling.

on pollen without prey.

Phytoseiulus persimilis Amblyseius swirskii
* Target pest: Spider mites (all * Target pest: Thrips larvae and
stages). whitefly eggs and immatures.
* Bright red-orange; fast-moving; * Whitish; high predation rate; works
very high predation rate. in cool winter months; can survive
on pollen.

Photos by Jack Kelly Clark, UC IPM Program, D.A. Raworth, Agriculture and Agri-Food Canada,
Koppert Biological Systems and Syngenta Bioline
© C.E. Frank & M. Skinner, University of Vermont, Entomology Research Laboratory 2006
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Banker plants, Lemon Gem Marigolds in use for early
detection of thrips
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Barley acting as banker plants.

Timing is everything for biological control, and early intervention is
critical for success. Banker systems offer cost-effective methods of pro-
viding a continuous supply of the beneficial organism, even if the pest
population is very low. Research is underway to assess the effective-
ness of banker plants as a reservoir for alternate hosts of biological con-
trol agents. An example of a banker
plant system is the use of barley
plants for aphid control. Barley
plants are placed in a greenhouse
with an introduced host popula-
tion of bird cherry aphids already
established on the plants. The bird
cherry aphids feed only on grasses
and are not a threat to most green-
house crops. Aphidius, a tiny wasp
commonly used to control greenhouse aphid species, is then released
on barley. The Aphidius lay their eggs inside the aphids, creating a self-
sustaining population of Aphidius parasites. These Aphidius will then
disperse throughout the greenhouse searching for other aphids. Other
examples of banker plants are marigolds for sustaining predatory mite
populations that feed on spider mites and thrips and papaya plants in-
fested with papaya whitefly as a reproductive site for Encarsia, a white-
fly-controlling wasp.

Marigold banker plants.
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