CHAPTER 6

Beyond Integrated Pest Control: Insects,
Disease, Weeds and Other Pests

The organiculturalist must realize that in him is placed a sacred trust,
the task of producing food that will impart health to the people who
consume it. As a patriotic duty he assumes an obligation to preserve
the fertility of the soil, a precious heritage he must pass on, undefiled
and even enriched, to subsequent generations.

— J.I. RODALE “THE ORGANICULTURIST'S CREED,” ORGANIC
GARDENING MAGAZINE, JANUARY, 1948



ANAGING A PERMACULTURE FARM begins with organic farming
practices and expands on them by integrating habitat into the
farm and garden landscape. Ecological design is an ongoing
process. This chapter explores disease and pest control from

an ecological perspective. | begin with a discussion of sall

management as the basis of healthy ecosystems. This is followed by
discussions of plant disease, beneficial insect ecology and control
options for a wide range of pests.

Organic Methods

Whether or not a farm is certified organic, using recognized organic
standards as a guide helps a farm’s management to produce safe
and healthful products. Organic pest control practices and material
used in farm activities are defined by the USDA’'s National Organic
Program (NOP). The national organic standards fill at least 400
pages. The NOP was established by The Organic Foods Production
Act of 1990, and was a part of the 1990 US Farm Bill. The act
authorized the secretary of agriculture to appoint the National
Organic Standards Board (NOSB). The 15-member board is made
up of farmers and growers from four regions of the US; its members
also include food processors, retailers, consumer advocates,
scientists, environmentalists and organic certifiers. The board’s
mission is to assist the USDA in developing standards for organic
production and to advise the USDA on implementing the national
organic program.

Farm managers and workers should be familiar with the NOP
standards that apply to farm crops and livestock. Because new
practices and materials continue to be developed and organic
markets are expanding, the standards change over time. The farmer
is responsible for keeping up with current standards. Membership in
a certification organization is the best way for a farmer to stay
updated.

Materials for crop production, pest control, soil improvement, and
animal feed are either allowed, restricted, or prohibited under organic
standards. Associated standards also govern organic food
processing. The Organic Materials Review Institute (OMRI)



publishes the OMRI Generic Materials List, which lists 900 materials
that are allowed, restricted, or prohibited.

Restricted materials may be used with certain precautions and
prohibitions. Rotenone is an example of a restricted product. Once a
staple organic insecticide because it is derived from plants (a
botanical insecticide) and breaks down in a few days, rotenone is
now restricted because it is toxic to earthworms, fish, insects, and
mammals, including people. We do not use rotenone at Three
Sisters Farm.

The shortcoming of the NOP is that the intent is to assure the
public that organic products and their production meet minimum
standards. Such minimum standards are indeed necessary to assure
the integrity of the term organic, but they do not in themselves
promote excellence. Organic farming and gardening, which began as
a way to promote the health and vitality of the food system and the
environment, is in danger of becoming simply a minimal threshold to
cross into a more lucrative market.

Soil Management

The development and continuous care of healthy soil is a primary
concern of the organic farmer. This is done through management of
manure and composted farm waste and the use of green manure
crops and mineral fertilizers to create a healthy nutrient cycle that will
build the soil. Crop rotation is a primary strategy to maintain fertility
and reduce pests and disease. Tillage methods that preserve soil
structure and nutrients are encouraged. Author Ray Wolf described
biodiversity as “a natural balance in the ecosystem.” Biodiversity is a
vital component of the farm for natural pest and disease control.

Mineral fertility is a primary concern for the market garden. The
mineral nutrients phosphorus, potassium, nitrogen, carbon,
magnesium, silica and oxygen are the main components of plants by
volume and weight. Trace minerals, including calcium, iron, zinc,
copper, manganese, chlorine, molybdenum, boron and sulfur are
used by plants as biocatalysts. They are required in minute
guantities for many metabolic processes including photosynthesis,
growth, flower and seed formation, and disease resistance. Trace



mineral deficiency can be identified through soil tests; it can also be
observed directly in defects in plant growth, such as misshapen or
discolored leaves. The chemistry of trace minerals is complex. Many
minerals can be toxic when overabundant, and too much of some
can limit the availability of others. For this reason, organic methods
rely on unrefined rock minerals and biological sources of trace
minerals. The nutrients in unrefined mineral products are made
available as needed by the natural reactions of plants, fungi, and soil
chemistry.

Biological sources of plant nutrients include manures, composted
organic matter, accumulator plants, fish emulsion and seaweed.
Again, the natural action of soil and plant chemistry releases
minerals held in the soil and organic matter. Thus the standard
organic dictum: Feed the soil, not the plants.

Whole-systems Planning

Permaculture builds on organic practices by attempting to design the
integration of farm components into a whole system. Farm
watershed management, use of accumulator plants, and integration
of animals into the system promote on-farm nutrient cycles. This
view of the permaculture farm as a whole — an integrated system —
is strongly influenced by biodynamic agriculture. Rudolf Steiner’s
writings (and the work of others who contributed to the development
of biodynamic methods) stress the view of the farm as an organism.
The health and vitality of the farm and its products are the result of
the total health of the farm system. The ideal biodynamic farm is self-
contained, with minimal off-farm inputs.

Small-scale farms, especially in suburban and urban areas, are
more dependent on off-farm inputs. Organic materials for compost,
animal feed, hay and mulch may all need to be imported from
elsewhere. Organic standards and practices help guide the use and
management of off-farm resources.

Promoting Health



Health is something we can easily perceive. In many ways, our
innate sense of natural beauty gives us the ability to recognize
healthy landscapes. When a plant is healthy, we can see it: good
color; strong, firm stems; a balance in proportion of leaves and
flowers; and an overall appearance of vitality. A walk through the
garden early on a summer evening, after a late afternoon rainstorm,
when the rainbow has faded and the air is still, will reveal plants at
their peak. The air is fresh and aromatic, the insects are calm, leaves
are spread wide and are full of moisture. Flowers fluoresce as the
sun sets. The smell of moist soil attracts robins and other birds
hunting bugs in the garden paths. Sitting on a bench in the garden to
rest a while, the evident health of the landscape has a therapeutic
effect on the gardener as well.

Conversely, we can also recognize what is not healthy. Plants
weakened and stunted by nutrient deficiency, competition with other
plants, disease, insects, or drought are readily apparent.

The same general combination of factors that promote health in
people and animals also promotes plant health. Good nutrition, clean
water, the right amount of stress at the right time and a proper
environment are all required for strong and productive plant growth.
The new axiom in permaculture is that nutrientdense soil produces
nutrient-dense food. Plants need access to a steady supply of
moisture, nutrients, proper pH, and, often, an association with soll
bacteria and fungi. They also need a certain amount of air
circulation, both for respiration and for building strong stems and root
systems. The need for strengthening by stress is analogous to the
need for adolescents to have sufficient exercise to build a skeleton
strong enough to carry them through their next 60 to 80 years.

Unfortunately for gardeners, many other creatures also recognize
and seek out a healthful food source. While insect pests are
attracted to weak and stressed plants, that is not the whole story. No
matter how healthy our soil or how well we manage plant growth to
promote productivity and vigor, some living being will want to share
our harvest. A tenet of ecology is that anytime a resource is
available, somebody will use it. Spilled grain attracts mice and rats.
Unprotected gardens attract woodchucks and rabbits. Plants attract



aphids, slugs, flea beetles, thrips, whiteflies, and so on. So
gardeners must defend their plants.

Ridding a farm of any living being presents a problem for a
permaculture farmer who is also concerned with the health of the
entire farm landscape. But using design and management to exploit
the natural workings of an ecosystem can provide solutions. Control
of pests begins with an understanding of a pest’s habitat, life cycle,
and the predators and diseases that affect them — and, in effect,
using that understanding against them. For example, a particular
pest may be minimized by reducing their available habitat or
promoting their natural predators.

Masanobu Fukuoka, a Japanese pioneer in natural farming
methods, has said, in his seminal book One Straw Revolution, that a
different pest and predator relationship manifests each year. We
have found this to be true, so pest control is an unfolding process of
learning and adjusting. For example, spiders are abundant some
years, and frogs and toads another. As weather conditions and field
conditions vary, so do the dynamics of the farm ecosystem. As
ecological farmers, we promote biodiversity and attempt to develop
an awareness of the ongoing dynamics on the farm.

Environmental Stress

Crop plants need to be suited to the soil and climate to be productive
and healthy, and the pH of the soil needs to be suitable for the crop.
Without these basic needs being met, plants are much less likely to
flourish when they are stressed.



Spring peeper.
Photo Credit: DARRELL FREY

Weather is, of course, an important and variable environmental
factor. A cool, wet fall can send a tomato or potato blight through a
bioregion, causing a quick decline in yields in September. Hot, dry
summers can cause lettuce to bolt faster than usual. Seed
germination is greatly dependent on soil temperatures. Many seeds
planted too early, in cool soils, will rot away rather than grow. (This is
the main reason that seeds are sold with fungicidal treatment.) But
cooler fall soils are required for the germination of self-seeded
chickweed, chervil and mache.

After the shelter of a greenhouse and grow lights, full sun and
wind can quickly damage plants. Hardening off is the process of
gradually exposing seedlings to the outdoor environment before
placing them into the soil. Protected seedling frames provide a
transition for seedlings by protecting them from the wind and
moderating the sunlight they receive. Use of row covers, polytunnels,
cold frames and greenhouses for crop production mitigate some of
the environmental stresses to crops by creating sheltered
microclimates.

Water — either too much or too little — can damage or kill plants.
New transplants and germinating seedlings are especially vulnerable
to water stress. It is important to keep soil moist, but drained, until
plants have established an adequate root system.

In a time of changing climate and variable weather, a wise farmer
will grow multiple crops. A great year for cabbages and greens may



be marginal for tomatoes and peppers. The next year, the situation
may reverse. Growing many different crops for a CSA or a produce-
subscription enterprise helps reduce the effects of extreme weather.

The Good Earth

Understanding your soil type and quality is the first step to promoting
plant health. Just observing which plants are growing in an area can
indicate whether the soil is acid or alkaline, wet or well-drained,
fertile or deficient in nutrients. These observations can help you
better allocate your soil testing budget by identifying the locations
that require testing.

When the pH is low, plants that prefer acid soils such as docks
and sorrels will grow. Wet and poorly drained soils will harbor
milkweeds, Joe Pye weed, ironweed, smartweed, goldenrods and
asters. We rely on field guides and the biodynamic classic Weeds
and What They Tell by Ehrenfried Pfeiffer to help us understand our
annual observations.

Do not be hasty in assuming that the presence of a particular plant
always indicates a specific condition. We have good stands of sheep
sorrel and milkweed in our well-tended gardens. That doesn’t mean
our soil is too acidic. But if widespread, or several indicator plants
are present, you can make general deductions. Spring walks around
the farm can reveal changing conditions.

Our woodland had a thin soil covered with mosses, ground pine,
sheep sorrel and young wild blueberries. This indicated to us that
years of heavy farming and grazing had eroded the soil and allowed
calcium to wash away, leaving a poor, acid soil behind. Rich,
balanced soil is also easy to read. Walking around our farm in the
spring when green manure is growing fast, it is obvious which of our
gardens have had the most improvement. The thickest growth is in
the gardens we have used the most: the Pond Garden, and the
South and East gardens (Zones 1 and 2). The Zone 3 gardens have
had less compost over the past 20 years — and it is apparent to the
observant gardener.



Ecological Pest Control

Ecological pest control involves understanding the life cycle of the
pest or disease and finding key points in the organism’s life cycle to
disrupt the spread of the problem. In a natural system, what we call
pests are part of the natural balance. When they affect our ability to
produce a marketable crop, we seek controls. Pest populations are
controlled by predators, parasites and diseases. Finding the right
natural control, and the best time to use it, helps keep pest problems
minimal. Some crops may not be suitable in a given season or even
In a given area due to pest pressure. On our farm, the prevalence of
cucumber wilt (carried by cucumber beetles) makes it difficult for us
to grow marketable cucumbers and squashes. Resistant varieties
are our best option.

Gray tree frog at Three Sisters Farm.
Photo Credit: DARRELL FREY

Not all pest damage is bad. A few nibbles can induce a plant’s
natural defenses and result in an increase of beneficial
phytochemicals in the crop. The key question is whether a pest or
disease is causing economic damage by reducing yields or
marketability of the crop.

Many pests and diseases certainly do kill or stunt crops, but pests
and disease are often a problem more for humans than the crop.
Flea beetles can destroy young eggplant seedlings but only do
cosmetic damage to arugula. Minor insect feeding on leaves may
actually stimulate plants to grow stronger, but it is difficult to sell
arugula with holes in the leaves. The scale of the problem also




determines the response. A few flea beetles on potatoes may not be
a problem, but in a dry year when leaf growth is slower, flea beetles
can stunt early growth and reduce vyields.

Control Methods
Using Insect Disease Against Them

Insect diseases are becoming important tools in pest control.
Bacillus thuringiensis (BT) is used to control many types of
caterpillars. (BT should be used with care to avoid non-target
species.) Milky spore disease kills the larvae of Japanese beetles in
the ground. Beauveria bassiana is one of a number of fungal
diseases that kill insects. (It is discussed in detail later in this
chapter, in “Insects in the Bioshelter.”)

Botanical insecticides are often used — with restrictions — in
organic crop production. Pyrethrum, rotenone, sabadilla, and neem
tree oil are some examples. (These products all require precautions
to protect the farmer who uses them.) They are of biological origin,
so they break down in sunlight and in the soil. But they may persist
longer in the greenhouse. We know organic farmers who rely on
botanical insecticides, but we do not use them at Three Sisters Farm
because we feel they affect beneficial insects.

Pheromone traps are useful for control of some insects. These
traps emit subtle chemicals to attract insects. Insects are lead to
believe they will find a mate, only to be trapped (sort of a “sting
operation”). Care must be taken not to attract pests. They are best
located away from the plants you want to protect. While Japanese
beetle traps are very effective, we have found they work best for us
when the neighbor puts them in their yard.

Pheromone traps are also used for monitoring and control of
orchard pests. Monitoring the numbers of trapped pests helps
determine when more controls are needed.

We have found that the dynamics of insect pests vary from year to
year and farm to farm. We have never had trouble with bean beetles
or Colorado potato beetles at the farm, but in a garden at our home,
just five miles away, they were both present in high numbers.



Songbirds as Insect Control

The role of songbirds in the farm ecosystem is of vital importance in
pest control. Each species of songbird has a role to play. The
goldfinches eat thistle seeds, the Baltimore orioles patrol the orchard
for caterpillars and the indigo buntings gather grasshoppers in the
meadow. When they are raising their young in the spring, birds will
gather an amazing amount of insects as food.

Certainly, birds also eat our fruit. Blueberries, especially, need
protection from birds. The mulberries also attract a lot of birds
competing with us for fruit. But on balance, we cannot do without the
service songbirds provide. The aesthetic value of birds in the
landscape alone is incentive enough for us to encourage them to
visit our gardens and fields.

The book American Wildlife and Plants: A Guide to Wildlife Food
Habits provides a wealth of data on the foods each type of bird and
mammal eats in the US. The book is an important tool when
designing a bird-friendly landscape.

Again, diversity is key. A varied landscape of meadows, shrubs,
trees, hedgerows, gardens and buildings can provide nest sites and
forage for numerous species. Adding a pond and lots of birdhouses
further increases their presence.

Bluebirds and other songbirds provide important insect pest control.



American Goldfinch nest at Three Sisters Farm.
Photo Credit: LEO GLENN

Insects on the Farm
Bees and Wasps

When we observe the many varieties of insects visiting the flowers
on our farm, we are astounded at their diversity. The order
Hymenoptera, which includes wasps and bees as well as ants, is
especially well represented on the farm. Bees and wasps are
important predators in the insect world. They come in countless
varieties, ranging from nearly invisible parasitic wasps to big, furry
bees. Bumblebees and their furry kin may be all black, black with
white stripes, black with yellow stripes, or yellow with bands of black;
some are tiny and some are quite large. Furry bees come in many
shades, as do metallic bees. Wasps come in even greater variety.
They can be shiny blue-black, brown and yellow, have narrow
waists, or be full-bodied. Some have hair-like ovipositors longer than
their bodies. Miniature wasps may be shades of black or brown, with
red, white or yellow patterns and markings. Paper wasps are the
most abundant. They can be found nesting in the polytunnel framing
and practically any spot sheltered from the rain. Mud daubers are
also abundant, though less so than the paper wasps.

Where the vast majority of these reside in the farm landscape is
an ongoing mystery. Ground-dwelling hornets and bees are usually
discovered by painful accident, while working in garden beds or
shoveling aged compost. Other bees and wasps must find lodging in
undiscovered hideaways in trees, shrubs, meadows, and the odd
crevasse in a building. When we do identify a beneficial insect’s



residence, we try to preserve it. Since the fine spring day | observed
tiny metallic bees emerging from a nest in the pith of the previous
fall's tansy stem, we are more careful when pruning dead plant
stalks. We leave a foot or two of stalk in a tansy patch, rather than
trimming to the ground. Now, instead of using pithy plant stems to
aerate the bottom of a compost pile, we often toss them along the
edge of the tree line to provide the bees with more places to live.

Practically all wasps and bees are beneficial. In addition to
pollinating plants, most wasps and hornets are predatory. Depending
on the species, they may gather spiders, caterpillars, crickets and
other insects. The wasps paralyze their prey, attach one of their own
eggs to it and place it in a cell of a nest. The larval wasp consumes
the live insect, starting with the non-vital parts.

Chalcid, braconid and ichneumon wasps, and the aphelinid
whitefly predator wasp, Encarsia formosa, are parasitic wasps that
deposit their eggs inside the bodies of other insects.

The 2,000 species of chalcid wasp in North America include the
parasite of the tomato hornworm. Chalcids are among the smallest
known insects, as small as .008 inches. They may lay their eggs in
the eggs of other insects. Some species are hyperparasites,
parasitizing other parasitic insects.

Braconid species number around 1,700 in North America. They lay
eggs inside many types of insects and caterpillars, including aphids.
Braconids are commonly found anywhere aphids are found. They
are especially active in the bioshelter. They came in on their own the
first year we began to garden indoors. They have been present ever
since, as have their host, the aphid. Infected aphids are easily
recognized; they become mummified and are a shiny bronze color.

Bees and Wasps at Three Sisters Farm
» Honeybee, Apis mellifera

» Orchard bees, Osmia spp.

» Eastern carpenter bee, Xylocopa virginica

* American bumblebee, Bombus pennsylvanicus

» Paper wasps, Polistes spp.



» Potter wasps, Eumenes fraternus

 Eastern yellow jacket, Vespula maculifrons

» Braconid wasp, Apanteles spp.

» Green metallic bees, Augochlora spp.

» Ground dwelling hornets

* Furry bees/tiny wasps (undetermined species)
 Other unidentified wasps and bees

Ichneumons are the most abundant species in North America, with
over 3,000 species. Most are internal parasites of other insects, as
evidenced by their often-prominent ovipositors. They bore into wood
and use the ovipositor to deposit their eggs in wood-eating larvae.

Some wasps’ larvae feed mostly on plants, including the over 600
species of gall wasp, Cynipid spp. Gall wasps secrete hormones into
a plant to induce gall formation. The developing larvae then live
inside the gall, eating the gall walls. Gall wasps are primarily
parasites of oak trees, but some species form their galls on roses,
willow, daisies and other plants.

Other Beneficial Insects

A syrphid fly larva (family Syrphidae) will eat up to 400 aphids
between hatching and pupating about ten days later. Most of the 900
species in North America resemble bees and wasps. The larvae
resemble slender green slugs, with lovely yellow markings on their
back; they can be seen searching for their prey on the underside of
leaves. The adults hover and dart quickly, seeking nectar to fuel their
flights.

Ladybugs, members of the Coccinellidae family, come in variations
of red, yellow and orange, many with black spots. Both adults and
larvae are predatory, consuming aphids, mites and other soft-bodied
insects. A common species, the convergent ladybug, Hippodamia
convergens, will live for several months and lay up to five hundred
eggs. These orange eggs are usually in clusters of one to two dozen.
Upon hatching, the larvae begin to hunt aphids, consuming many
dozen before pupating. Adults winter over in leaves, under tree bark



and in crevasses of building. Native ladybugs, such as the nine-
spotted ladybug, have been heavily endangered by competition with
non-native species.

Fireflies, including Photinus pyralis, Photinus scintillans and
Photuris pennsylvanica, certainly enchant a summer evening with
their aerial dance and flashing display. While the adults do not
appear to eat anything, their larvae spend late summer through fall
preying on slugs, snails and insects. (Firefly larvae, sometimes
known as glow worms, are also luminous.) After resting through the
winter in leaf litter and underground, they again feed on their prey for
a few weeks before transforming into adults.

Praying mantis, Mantis religiosa, is a native of Europe introduced
to North America early in the 20th century. After hatching from their
brown, foam egg case in late spring, these voracious predators
consume their kin. The fittest then proceed to patrol the landscape
for prey, which includes caterpillars, moths, butterflies, bees and
flies. Sitting perfectly still, praying mantis wait near leaf and flower,
capturing and devouring any insect that comes within reach of their
lightning-fast clutches.

Green lacewing, Chrysopa spp., larvae are predators of aphids,
mites, caterpillars, and other soft insects and insect eggs. North
America has dozens of species of these lovely lacy green insects.
We have purchased green lacewing larvae for release in the
bioshelter twice. Green lacewings, active in late spring and summer,
lay their eggs on a silken stalk, which the books will tell you is done
to prevent cannibalism as they hatch. But in the bioshelter, they have
always disappeared, presumably having consumed one another.

Brown lacewing larvae, Hemerobius spp., also prey on aphids,
scale, mites and other soft insects. While plainer than their green
cousins, the dozen or so species of brown lacewings are important
predators in the garden and the orchard. Both green and brown
lacewings are attracted to bright lights at night. Because of this, we
try to limit our use of outdoor lighting to avoid distracting all insects
from their natural routines.
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Green lacewing, a predator of aphids, thrips and whiteflies, on bronze
fennel.
Photo Credit: DARRELL FREY

Minute pirate bugs, Orius spp., are an often-overlooked predator,
because of their size, just 1/8 inch long. They have an easily
recognized brown and tan diamond-patterned body. Nymphs and
adults feed on a wide range of prey, including caterpillars, thrips,
mites, aphids, and their eggs. Like a pirate, they stab their prey with
a sword-like beak, after which they suck out the prey’s juices. Minute
pirate bugs are most abundant in a diverse garden landscape. They
are attracted to legumes, corn and pollen-producing composite
flowers. From these they move about, following their prey.

Dragonflies and damselflies, both of the order Odonata, are busy
predators throughout their lives. More than 1,000 species are found
in the Upper Midwest of North America alone. All spend their nymph
stage as aquatic predators, devouring mosquito and other larvae in
ponds and other standing water. Adults of damselflies and
dragonflies range far from the water in search of prey. Dragonflies
catch flies and mosquitoes in flight. Damselflies are known to eat
almost any insect they find.

Predatory thrips, Scolothrips spp., are usually abundant in the
summer garden, but you have to know where to look. They are one
of the reasons pest thrips and spider mites are less of a problem
outdoors than indoors. Predatory thrips resemble the pest thrip but
are darker and have jagged or hairy sides, as opposed to the
smooth-sided pest thrip. They consume many pests and their eggs,



including spider mites, thrips, aphids and whitefly. Like other thrips,
they are very small, about 1/20th of an inch. We find them on
daisies, where they are drawn to the pollen as an alternate food
source. It is likely that any composite flower will host them.

Aphid midges, Aphidoletes aphidimyza, are an easily overlooked
beneficial insect. Adults look like small mosquitoes. They eat the
honeydew secreted by aphids, whiteflies and scale. Eggs are laid on
plants near aphid colonies. Aphid midge larvae, small, red and
maggot-like, are voracious predators of aphids. After consuming
dozens of aphids in about two weeks, aphid midge larvae pupate in
the soil. They have up to six generations a year outside. Inside the
bioshelter, they begin to appear in April and continue to patrol for
aphids until late October.

Other beneficial insects are found on our farm in smaller
populations. Soldier beetles pierce and consume prey, much like a
minute pirate bug. Assassin bugs, robber flies, tachnid flies and
predatory mites all find a niche in the ecologically managed garden.



Thrips, aphids and whiteflies are major greenhouse pests.

Spiders on the Farm

The diversity of spiders on a permaculture farm can rival the diversity
of insects. Spiders are an important part of the farm’s pest control.
Those we have identified are described below, but dozens of others
spin webs and crawl about everywhere on the farm. All are predators
that eat some type of insect. Luckily, we do not have the black widow
or (we hope) the brown recluse spider in our area. Generally, when a



spider is forced to bite a human, the result is not much worse than a
mosquito bite. Hundreds of American house spiders (Achaearanea
tepidariorum) live inside our bioshelter. These diminutive (Y4 inch)
spiders string their irregular strands around the window frames,
among the grow lights, and in odd corners. Small colonies of house
spiders weave erratic networks of silk, which become festooned with
winged aphids, fungus gnats, flies, cabbage butterflies and other
insects drawn to the window’s light. Because cobwebs are unsightly,
we clear out older webs every now and then, especially before tours.
We try to allow the spiders time to retreat to the corner, or drop to the
sill. They soon return.

Crab spiders include around 200 species in North America. Rather
than weave a web, they sit on a flower and wait for their prey to land.
White crab spiders will sit on a white rose, yellow on a goldenrod
flower, and pink on a red rose. Some species are reported to adapt
to the color of the host flower. The goldenrod spider is white with
lovely pink lines; it will turn yellow on a yellow flower. Other types of
crab spiders are shades of green or brown, depending on their
chosen habitat.

Wolf spiders (family Lycosidae) are often seen prowling for prey on
the ground while carrying their egg sac. The more than 200 species
are fast-moving nighttime predators of ground-dwelling insects. Like
crab spiders, they do not weave webs, preferring to live in muich,
leaf litter, small tunnels, under rocks or in buildings.

Jumping spiders are common in the bioshelter and around the
farm. The two most common are the pretty Metaphidippus spider,
which is furry black with green spots on its head, and the daring
jumping spider (Phidippus audax), which smaller and gray and black.
Funnel spiders were an endless source of summer entertainment to
me and my childhood friends, much to the dismay of the flies we fed
into the wide funnel webs. Similar in appearance to wolf spiders,
their ground-hugging webs are built in grass and weeds and
alongside rocks, planters and other shelter. They are quick to rush
out and grasp any insect that falls into their web.

Garden spiders



 Black-and-yellow argiope, Argiope aurantia
» Shamrock spider, Araneus trifolium

» Goldenrod spider, Misumena vatia

 Crab spider, Misumenoides formosipe

» Marbled orb weaver, Araneus marmoreus
» Jumping spider, Metaphidippus spp.

» Wolf spider family, Lycosidae

Bioshelter spiders
» Jumping spider, Metaphidippus spp.
» Wolf spider family, Lycosidae
* American house spider, Achaearanea tepidariorum

More conspicuous web builders on the farm include the shamrock
spider, the marbled orb weaver and the black-and-yellow argiope, or
garden spider. The argiope female grows to over an inch long —
plus its long legs — and builds conspicuous webs in prominent
locations. The smaller, male argiope lives on the edge of a female’s
web and makes a zigzag line when it moves across the web. The
bright yellow marbled orb weaver and the brown shamrock spider
are nearly as large, up to an inch long, but with shorter legs than the
argiope. They like to nest along buildings, arbors and in shrubs and
brambles. All three make an egg sack in the fall. Young spiders
overwinter in the sack by the hundreds and emerge in the spring.
They wait until the wind is right, and then drift away on a web strand
to be scattered randomly across the landscape.

Daddy longlegs are arachnids but are not considered true spiders.
The over 200 species in North America include both predators and
scavengers. Most are nocturnal hunters of small insects, but they will
also eat decaying organic matter. Some are said to prey on slugs
and earthworms as well as spiders and flies.

Many other spiders fill every niche on the farm, weaving webs of
various sizes, cruising the underbrush, and generally hanging out
waiting to catch unwary prey. Very few spiders here are poisonous,
though many can give a nasty, stinging bite. All are beneficial to the



farm ecosystem. In addition to catching insects, spider webs are an
important material for hummingbird nest construction.

Orb weaver.

Design for Ecological Control

With so many players “in the field,” design for beneficial insect
habitat is best approached with a broad strategy of providing a wide
range of nectar and pollen plants throughout the growing season.
Inside the bioshelter, with its reduced diversity, more specific
strategies can be employed. The list of plants we use in the
bioshelter and outdoor gardens gets longer as we observe insect
behavior and add new flowering species. Some insect species have
such short adult life spans or live in such small populations that we
would only find them if we could devote all our time to observation
and research. More practically, we try to provide suitable habitat and
trust in nature to find a balance.

Plant-Insect Interaction

The biochemical interactions between insects and plants are both
mysterious and fascinating. Many insects inject plants with chemical
compounds that encourage the plant to form galls or release volatile
chemicals. Predatory insects are drawn to plants besieged with



insect pests by chemical clues that some plants release when
distressed. Similarly, male gall wasps find their mates by following
chemical clues emitted by infected plants.

The complex chemistry of plants and the interactions of plant-
produced compounds with soil, insects and other plants are likely to
never be fully understood. From the permaculture designer’s point of
view, these complex interactions are yet another reason to approach
ecological design with humility and to support native diversity in our
landscape.

Good garden sanitation will reduce many pest populations.
(Sanitation measures include removing and composting crop residue
or tilling it into the soil in a timely manner.) However, some beneficial
insects overwinter under mulch and in soil. Uncultivated and fallow
areas in and near gardens will act as refuge and reservoir for
repopulating the garden ecosystem after cleanup and tillage. When
clearing crop residue, we look for praying mantis egg cases, spider
eggs sacks and dormant wasp nests. Moving these to a safe spot
helps maintain populations.

As the diversity of trees and other plants increased in our tree
lines and windbreaks, biodiversity increased. Certainly, the wide
range of native pollinators helps keep our fruit trees, shrubs and
brambles productive. The panicle and osier dogwood shrubs and
viburnum species all provide forage for countless varieties of insects
and many birds. The many other plants and trees each add some
forage for insects and birds. Each flowering plant offers some food
and shelter for insects. Leaf litter, mulch, dead fallen branches and
tree bark all offer shelter and brooding places. As with most aspects
of ecological design, we must acknowledge our limited information
and allow for a wide range of species to fill in the gaps of our limited
knowledge.

Below is a description of the beneficial habitat plants we use in our
gardens, as well as those we allow to grow in the uncultivated areas
between our gardens.
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The monarch caterpillar feeds only on milkweed species. Note the
caterpillar in the flower.

Beneficial Habitat Plants in Outdoor Gardens

Tansy, Phacelia tanacetifolia, tops our list of beneficial insect habitat
plants. We have established plantings of tansy near all of our
gardens and in central locations between them. Doubling as a cut
flower for drying, tansy never fails to host ladybugs and their larvae.
Other beneficial insects on tansy leaves and flowers include soldier
beetles, assassin bugs, robber flies and syrphid flies. Tansy persists
where it is planted, so be careful where you establish it. It spreads
easily by runners. We put it along the fence line of the South Garden
and in a swale between the East and South gardens, as well on the
edge of the Pond Garden and West Garden. Tansy grows at least 4
feet tall and tends to fall over in late summer and fall. Most of our



patches are located where we can tie them to the fence line with
cotton string. Other patches are surrounded with several stakes and
tied, or simply left to fall over where they are out of the way.

Mints and their relatives have found many niches on the farm.
(Mints will spread and can be hard to contain, so think before you
plant.) All provide nectar for honeybees, metallic bees, and small
wasps. The many members of the genus Mentha, like most of the
family Lamiaceae, produce abundant, small flowers over a long
period of time. These flowers are readily accessible to even the
tiniest insects. Most produce abundant nectar, as well as oils and
medicinal compounds. We have established patches of various
mints and other Lamiaceae throughout the farm. In the West Garden
orchard, ajuga, peppermint, Mentha x piperita var. piperita, and
spearmint, Mentha spicata, are planted between trees. Peppermint
and water horehound, Marrubium vulgare, are found along the
pond’s edge. Permanent patches of spearmint allow us to do a
weekly rotation of harvest sites. English pennyroyal, Mentha
pulegium, has found a home in a wet swale surrounding the fire
circle. American pennyroyal, Hedeoma pulegioides, gathered from
an old farmyard, has become well established along the swale that
drains the north side of the bioshelter, and around the summer
kitchen. Pennyroyal hosts gatherings of tiny bees and wasps, big
wasps, syrphid flies, and lots of types of ichneumon wasps.
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Flowering oregano is a preferred habitat for the beneficial syrphid fly.

To promote insect diversity, provide:
» diverse pollen and nectar sources in each garden
e uncultivated wildflower areas between gardens
* plant diversity in tree lines and windbreaks

Spearmint and peppermint are also planted in the farm’s kitchen
garden and in our polytunnel. Several patches of spearmint are
tended inside the bioshelter. These are rotated every few years.

Ajuga, Ajuga reptans ‘Atropurpurea,’ or common blue bugle,
flowers in late spring. While we collected it primarily for its striking
purple leaves and bright blue flower spikes, it is relished by the early
generations of beneficial insects.

Purple flowering oregano, Oreganum vulgare, is an excellent
habitat plant. This spreading plant produces its clusters of dark pink
blossoms from late June through fall, with a few clusters lingering
until a hard frost. All summer, they are busily worked by syrphid flies,
bumblebees, metallic bees and other small bees. Less aromatic than
culinary oregano, this plant is mainly used as a habitat and



ornamental planting; we also often include it in our herbal bouquets.
Our initial planting at the door to the bioshelter kitchen has spread
around the north side of the building to fill an area of about 30
square feet. Other patches are established in our other gardens
among the shrubs and along the fences.

Other oreganos we grow include the aromatic Greek oregano and
the ornamental culinary golden oregano. Neither of these stands out
as insect habitat, mostly because we discourage flowering by regular
harvest.

Motherwort, Leonurus cardiaca, nurtures a great diversity of tiny
wasps all summer long. Honeybees love to visit the ever-rising spire
of fuzzy pale lilac flowers, each a small vial of nectar. Until killed
back by frost, this herbaceous perennial member of the mint family
will continue to produce its lovely flowers around its slow-growing
stalk. Motherwort is allowed space in the middle or on the edge of
our gardens and orchards. It spreads slowly by division and possibly
by seed. As the name implies, motherwort is a traditional medicinal
plant for women.

Catnip, Nepeta cataria, like motherwort, is a medicinal plant. It too
has established itself in our gardens. Growing to over 6 feet tall on
the edge of our chicken yard, catnip thrives in the rich, moist soil. It
flowers continuously all summer and helps give the chickens shade
from the hot mid-day sun in July and August. Catnip will spread by
seed, though not as aggressively as the root-running spearmint and
peppermint. The clusters of white and pink flowers feed honeybees,
metallic bees, bumblebees and many tiny wasps. We occasionally
have allowed catnip to live in the bioshelter, but it is not a high-value,
marketable culinary plant, so we only keep a few small, self-seeded
plants, which are allowed to flower in summer.

Catmint, Nepeta mussinii, is a small, delicate relative of catnip. It
grows in clusters of 6- to 8-inch-long prostrate stems with lovely
leaves and blue flowers. We mainly grow catmint for our herbal
bouquets. It grows well in partial shade under our kiwi arbor and in
the bioshelter beneath the lemon verbena.

Anise hyssop, Agastache foeniculum, flowers from early summer
until stopped by a heavy frost. These dark purple flower spikes



attract honeybees, metallic bees and many tiny wasps. Beautiful in
the landscape, delicious in tea, edible and medicinal, anise hyssop
has a prominent place in our bioshelter and herb gardens. It is an
herbaceous perennial, though perhaps not long lived, though it
readily self-seeds. Inside the bioshelter, excess anise hyssop
seedlings are cut for the spring salad mix. The fresh flowers look
good and are long lasting in an herbal bouquet. Picked with care,
anise hyssop will branch densely and produce flowers all summer.

Thyme’s tiny florets grow in clusters and attract many wasps and
bees. We grow several varieties for the herb and edible flowers.
German thyme, Thymus vulgaris, has a very good flavor and grows
upright for easy harvest. Creeping thyme, Thymus serpyllum, also
has good flavor and flowers profusely. It grows in low, self-mulching
mats. Creeping thyme lives up to its name by creeping into the yard,
where it competes well with grasses. When mowed regularly, it is
fragrant and soft to walk or lie on (not that we have the time to lie in
the thyme). We also grow silver thyme, Thymus vulgaris ‘Argenteus;,’
for bouquets, flowers and culinary use. Lemon thyme, Thymus x
citriodorus, is established in the bioshelter and several gardens. It is
known to be a mosquito repellant. We do not seem to have many
mosquitoes, but we do keep some lemon thyme handy in the Zone 1
areas of the farm. A large patch in the Spiral Garden is readily
accessible for workers and visitors relaxing in the kiwi arbor. We
simply pick a handful of lemon thyme stems, rub them in our hands
and then rub the oil on our shoulders and neck to ward off irritating
mosquito attacks.

Lavender, Lavandula angustifolia, flowers for only a short period of
time, so we harvest the flower stalks for everlasting bouquets before
they fully open. When not harvested, lavender flowers over several
weeks and nurtures insects in early summer, when its cousins are
just beginning to flower. Bumblebees and other tiny bees are
attracted to the fragrant flowers.

Cilantro, Coriandrum sativum, and dill, Anethum graveolens, both
attract large numbers of tiny bees, wasps and syrphid flies. We plant
them every other week through the growing season to allow a steady



harvest of their leaves. Many of these plantings are allowed to flower
and set seed, for both culinary use and to promote biodiversity.

Bronze fennel, Foeniculum vulgare dulce ‘Rubrum,’ is given a
prominent place in our Spiral Garden and is planted in several other
gardens as well. When flowering, it attracts a steady stream of small
bees, syrphid flies and wasps of all sizes. Bronze fennel is a
perennial. We gather the self-seeded seedlings each spring for our
plant sales. Through the summer we add the dark, ferny foliage to
our salad mix, stripping the narrow, anise-flavored leaves from the
stalks. The two-inch-wide umbels of yellow flowers are popular as an
edible dessert garnish.

Lamb’s ear, Stachys byzantina, attracts bumblebees and tiny
wasps. Grown primarily for cut flowers and dried arrangements, the
silvery, furry leaves and lavender flowers are quite lovely. We grow it
in several locations to promote the population of wasps.

Wildflowers

Cultivated and unmanaged wildflowers, shrubs and vines all provide
some degree of habitat and food for beneficial insects. We are still
observing and learning about the dynamic relationships between
plants and insects.

Queen Anne’s lace, Daucus carota, the wild sister of the garden
carrot, attracts syrphid flies, tiny bees and wasps. The delicate, flat
white umbels bloom over a long season mid to late summer. They
are an excellent craft material when dried. Because they are a
biennial taproot, they are also important in maintaining an aerated
soil.

Milkweed, Asclepias spp., is important summer forage for many
insects. We have observed honeybees, bumblebees, butterflies, tiny
wasps, small bees, wasps and hummingbirds all foraging on
milkweed’s fragrant pink flowers. Because milkweed is the sole food
of the caterpillar of monarch butteries, we give it special privileges on
the farm. Small, permanent patches of milkweed are protected from
mowing on the edges of our gardens. Random milkweed plants are
allowed to grow in our gardens most years. Because the first



monarchs appear in early July here, we are very careful about
pulling out milkweed plants after July 1. Any unwanted plant is
inspected for eggs and young larvae. These are relocated to other
milkweed patches as needed. Swamp milkweed has also been
established in the Pond Garden and near the pond. This more
delicate looking plant hosts the same insects as regular milkweed.

Wild yarrow, Achillea millefolium, self-seeds all over the farm and
is left standing anywhere it is not in our way. Syrphid flies, metallic
bees, other small bees and tiny wasps make steady use of its easily
accessible flowers. Yarrow has established itself in sections of our
yard as well. Mowed yarrow makes a soft, ferny carpet that spreads
by underground runners, never getting a chance to flower. Some of
our yard areas are thick with mowed yarrow.

Goldenrods provide important habitat for beneficial insects. With
over 80 species native to North America, it is a common perennial.
Canadian goldenrod, Solidago canadensis, is the most abundant at
our farm, but at least a dozen species are found near the farm. We
allow large patches of goldenrod to grow between and around our
gardens. Goldenrods begin blooming in August and continue through
October. They are an important honeybee forage plant, and they
also support a wide range of beneficial insects. Several species are
good for dried flower arrangements and cut flowers. Goldenrods are
allelopaths, which means they have a capacity to suppress the
germination of other plants’ seeds.

Stinging nettle, Urtica dioica, has inconspicuous flowers but is
known to host a wide range of beneficial insects. Nettles are
valuable as a spring cooking green. Nettle tea, because it provides
soluble nutrients, is used as a foliar spray to promote healthy plants.

Ox-eye daisy flowers, Chrysanthemum leucanthemum, host
predatory thrips. If you look closely at the sunny yellow disc of a
daisy, you can often see the tiny, slender, black insect crawling
among the florets. Predatory thrips are distinguished from the
smooth-bodied, plant-eating thrips by having a distinctly jagged
appearance. They consume pest thrips, aphids, and other soft
insects.



Asters and daisy fleabane are also common among our gardens.
Daisy fleabane, Erigeron annuus, begins to bloom in June and can
continue to flower until fall, feeding honeybees and other bees with
pollen and nectar. Many asters, including the New England aster,
Aster novae-angliae, calico, and crooked-stem asters are found in
our meadows, tree line and orchard. Most flower in the fall and are
important to honeybees and the last generations of bees and wasps
in the fall.

Burdock, Arctium lappa, and bull thistles Cirsium vulgare, are
favorites of the honeybee and bumblebee. Both are biennial tap
roots and so help loosen and enrich the soil. Bull thistle is allowed
space on the edge of our gardens, where it often supports large orb
weaver spider webs.

Honeybees in the Gardens

Honeybees, Apis mellifera, deserve special mention. Their economic
importance is considerable. They pollinate tens of millions of dollars
worth of fruit and vegetable crops each year. As | write, the mystery
of colony collapse disorder is unsolved. This sudden die-off of many
bee colonies across North America is the latest disorder to plague
honeybees. The varroa mites and tracheal mites that appeared and
spread through bee colonies in the last part of the 20th century have
already made beekeeping a more difficult enterprise. It is likely that
the colony collapse disorder is the result of multiple stresses.
Together, all the challenges of beekeeping raise the cost of honey
production and the cost of pollination services bees provide. They
have also led to a general decline in beekeeping as a hobby.

Certainly the troubles of the honeybee confirm the need to provide
food and habitat for the native pollinators. Nonetheless, the products
bees provide, honey, wax, propolis (described below) and pollen
make the effort to maintain bees worthwhile. Rather than provide a
detailed study of beekeeping, which is the topic of many good books,
here we will focus on the placement and management of bees and
bee plants in the permaculture landscape.

Bees are best located away from high traffic areas. They also
need regular tending to be productive. This places them in a Zone 3



management area. Some farms keep a hive or two of bees but do
not tend or harvest them. This places them in Zone 4.

At Three Sisters Farm, our beehives are located along the north-
west edge of the pond, well away from the main work areas. The
hives are set on concrete blocks at the base of a small slope where
they are somewhat protected from the prevailing wind. (We are
planting a hedge of useful shrubs to the north and west of the hives
to provide additional wind protection.) The hives receive full sunlight,
and the additional light reflected from the pond helps warm them
early in the morning. Ready access to water is important to the bees.

When beekeeping in suburban and urban areas, bees should be
located where they will not bother anyone. Bee stings are a minor
irritation to most people but can be deadly to those with allergies to
bee toxins. Rooftops and secluded back yards are the most
reasonable locations. In rural areas, bears and raccoons will break
into a hive. Raccoons can be deterred by placing a heavy stone or
concrete block on top of the hive. Bears may be deterred by a
heavy-duty or electric fence.

Honeybee Forage

Literally hundreds of wildflowers are foraged by bees for pollen and
nectar. While most of these are only minor nectar sources, producing
little if any excess honey, they are nonetheless important to the hive
for building strong colonies in the spring and sustaining them
between major nectar flows. Major honey plants vary with the
bioregion. White clover, sweet clover and buckwheat are well known
for their distinctive honey. Raspberry, blackberry, thistles, asters,
goldenrod and milkweed also provide abundant bee forage. Willow,
redbud, tulip poplar, catalpa, black locust, basswood, sumac, and
sourwood are all important nectar-producing trees. Willow produces
abundant pollen early in the year, providing an important food for the
hive as it expands its population in the springtime.

We have a theory that bees collect and use a wide range of
nectars and pollens to keep healthy. Just as we require a diverse
diet, bees also, we suspect, need a wide range of plants to stay
vigorous. The use of essential oils, including peppermint and



wintergreen, rosemary and thyme, by beekeepers to kill and
suppress tracheal mites and varroa mites, seems to support our pet
theory. Formic acid, part of the sting of stinging nettles, also kills
these mites while not harming the bees. For this reason it is good to
have stinging nettle and peppermint, as well as other aromatic herbs,
growing close to beehives.

Many plants should be observed for bee forage potential. For
example, cowslip, Calthus palustris, a potherb found in sunny
swamps and springs, is one of the earliest flowers each year.
Whether it is worked by bees or not, | cannot say, but it flowers at a
time when bees really need a good food supply. Any flowering plant
might be used by bees from time to time, in any given location.

The distinction between major and minor bee forage is rarely
absolute. The degree to which bees utilize a nectar source can also
vary from year to year and place to place. When a minor plant is
especially abundant, it can become a major source — as can a
minor spring source, given an exceptionally warm, dry spring and a
strong hive. A major nectar source might be a poor producer if the
weather is unfavorable when it blooms. At such a time, bees will fall
back on flowers they otherwise might ignore.

In our area, two species of viburnum, nannyberry (wild raisin) and
arrowwood, and a shrub called ninebark, Physocarpus opulifolius,
inhabit sunny, open wetlands and stream banks. Each alone is only
minor bee forage. However, they bloom in a succession. First
nannyberry (a fruit-bearing shrub that grows to 25 feet) flowers,
followed by the blooms of arrowwood (a smaller shrub growing to 8
feet high) that are similar flat-topped umbels of white florets. After
about a week, the arrowwood blossoms fade but the ninebark
branches are loaded with lovely snowballs of florets 1%z inches in
diameter for another week. These three shrubs together provide the
colony with three weeks of forage, leading them to the major nectar
flows in flowers of such trees as tulip, basswood and catalpa. If there
is an abundance of blackberries, these shrubs may be largely
ignored by the bees, who will work the high-nectar bramble
blossoms instead.



Bees are attracted to flowers by color and scent. Bees see the
colors blue, blue-green, yellow and ultraviolet. Strongly scented
flowers generally have a lot of nectar. Pollen from a wide range of
plants is gathered to raise young bees, especially in the spring.
Plants also produce resins used by bees to make propolis, a glue-
like substance that has been used in the production of antibiotics.
Some plants also produce extra-floral nectars. It is believed that
extra-floral nectar is secreted to attract ants. Ants then protect the
plants from would-be foragers. Bees sometimes collect “honeydew”
secreted by aphids. This is considered by some to make poor-grade
honey due to its generally strong flavor.

Beekeeping for marketable production requires a good deal of
care at the same time that the small farm requires lots of crop
production. Spring is the time to monitor hives and expand
production by dividing hives. Maintenance and regular harvest after
honey flows can conflict with gardening schedules. For this reason it
can be difficult to do both well. Commercial-scale beekeeping should
be viewed as one of the seasonal businesses that can be developed
by enterprising partners on a small farm.

Insects in the Bioshelter (and Other Creatures)

Because the bioshelter is a semi-enclosed environment, the insect
dynamics are a little more complex to manage. Three of the biggest
greenhouse pests — aphids, mites and thrips — are rarely a
problem outdoors. In the gardens, they are kept under control
because they have to contend with environmental stresses (rain,
humidity, direct sunlight, etc.) and a wide range of natural predators.
Inside the bioshelter, these pests can quickly expand in numbers
when predator numbers are low.

Whiteflies have fewer natural predators in our area and when
allowed to leave the bioshelter on infected plants, they can become
a summer pest. Inside the bioshelter, they are more subject to
control. When we have whiteflies on our plants, we make sure to
treat them with soap spray and do a close inspection before they are
taken out to the gardens.



Habitat Management in the Bioshelter

Habitat management is at the heart of bioshelter management.
Flowering plants that provide insect habitat are kept in the bioshelter
all year: alyssum, scented geranium, blue basil, thyme, oregano,
marjoram, lavender, and Johnny jump-ups are some examples.
Alyssum is especially important. This low-growing plant flowers all
year. It never needs deadheading, and it grows well in small planters
and in the holes of the 6-inch concrete block walls that form our deep
beds. Alyssum also looks good. Available in both white and violet
varieties, the masses of flowers and green foliage hanging over the
edge of the concrete block is quite lovely — as it provides pollen and
nectar to adult parasitic wasps.

Pest control inside a bioshelter relies heavily on the greenhouse
manager to keep track of populations of both pests and their
predators, and to step in with other organic control measures when
necessary. Below are some of the players in the bioshelter
ecosystem. Chapter 10 provides detailed discussion of bioshelter
pest management.

The Cast of Characters:

The Bad Guys
* aphids

e thrips

» whiteflies

* spider mites

* pill bugs

e ants

* scale insects
* slugs

» cabbage moth
* leaf miner

* spittlebugs



The Good Guys
* labybugs

» Encarsia formosa
* syrphid flies
 aphid wasps

* gall midge larvae
* spiders

* predatory thrips

* predatory mites
 ground beetles

* lacewings

* bumblebees

Other Players are

* toads
* tree frogs
* Soil organisms

Insect Control Methods

Insecticidal soap

Insecticidal soap is fast, easy and effective at killing insects. To work,
the spray must cover the insect. Most die within a few minutes
(sometimes as quickly as 30 seconds) as their cell walls dissolve.
Made from potassium salts and fatty acids, insecticidal soap is non-
toxic on skin contact for humans and wildlife. It can damage leaves,
though, so it should be rinsed off within a day of application. It is best
to apply soap spray in the evening, when whiteflies are less active.

We use distilled water for mixing the soap for application. Minerals
in our water (which is hard) tend to reduce the soap’s effect. When
we do not have distilled water handy, we just add a little more soap
than the directions call for. As with any product used on the farm, be



sure that the brand you use is acceptable for organic certification.
Some products contain pesticides or unnecessary additives. A small
hand-held sprayer is appropriate for greenhouse use. In the gardens
and for dealing with bees and wasps, it is better to have a backpack
sprayer with a longer spray wand.

When bees and wasps build their homes in the wrong location,
soap spray will eliminate them. It can take patience to stand near a
nest long enough to spray every wasp as it enters or exits a nest, but
it is preferable to applying pesticides.

Spider mites, thrips, aphids, scale, mealybugs and whiteflies are
all effectively controlled with soap spray. But soap will also kill
beneficial insect predators, so it is best to use soap sparingly in
seasons when they are active.

Sticky traps and Other Methods

Thrips and whiteflies are attracted to color, especially yellow. Coating
yellow paper with a clear, sticky substance makes an effective trap.
(Thrips are also attracted to light blue traps.) For many years we
bought the Tangle-Trap brand of trap coating. It is a petroleum-based
product, but it is approved for organic production. Coated traps
remain sticky for days or weeks and so continue to trap insects for a
long time.

However, sticky traps also attract insect predators, so we use
these traps only when we have major infestations. In recent years,
we have begun to use cooking oil as a coating for paper traps. The
oil is effective only for a day, but is easier to apply than Tangle-Trap
coating. Because it is only sticky for a short time, the effect on
predators is less severe. We have begun to experiment with adding
essential oils to the cooking oil. Lavender oil has proven extremely
effective. We fold a 14-inch by 24-inch piece of paper over a clothes
hanger and cover both sides with the scented oil. Infested plants are
shaken with the trap held a foot or two away. Whiteflies are drawn
like magic and stick to the oil.

Occasionally, we have resorted to vacuuming up pests with a
portable hand-held vacuum cleaner. When a major outbreak occurs,



this is an effective way to catch whiteflies and thrips.

For controlling caterpillars, slugs and larger insects, picking them
off by hand is sometimes the best solution. On a garden scale,
though, this is impractical. Sometimes, pests can be knocked off
plants with water. Aphids and other small pests infesting flats of
seedling or potted plants can be rinsed off with a watering wand or
rubbed off by hand.

Beauveria bassiana

Our need to import predators was greatly reduced by the
appearance of the insect-consuming fungus Beauveria bassiana in
the bioshelter and surrounding gardens. This entomopathogenic
fungus spends the warm months breaking down organic matter in
the soil. When the air temperature cools in the fall, we find it infecting
aphid colonies in the gardens. The fungus becomes active in the
bioshelter in November and early December, just as the insect
predators are becoming less active. With our assistance, the
Beauveria fungus virtually eliminates aphids, whiteflies, spider mites
and thrips until March, when it becomes too warm inside for the
fungus to infect insects. By then, the predators are active again. In a
sunny winter, the fungus is not as effective, due to higher
temperatures and lower humidity.

This fungus occurs naturally in organic soils when conditions are
right, that is, when the humidity is high and temperatures are cool.
Every November, it first appears on aphids that are feeding on the
underside of low-lying leaves of tatsoi mustard, spinach and borage.
Infected aphids first appear stiff and yellowish, then become white,
with a bloom of spores. As the building gets cooler in December, the
fungus can rapidly spread among colonies of aphids and quickly
eliminate them.

Beauveria bassiana spores grow into the cuticle of susceptible
insects, including whiteflies, thrips, aphids and spider mites.
Soildwelling insects tend to be immune to it, but many leaf-dwelling
insects succumb to various strains of this fungus and other
entomopathogenic fungi. Because the spores are heavier than air,
they need assistance getting to the insect host. Washing aphids off



of plants and onto the soil may bring them in contact with spores. A
spray application of the fungus is more effective.

Beauveria bassiana is available from commercial sources. It is
labeled as effective for specific pests at specific humidity and
temperatures. However, | suspect finding and using your own local
strain is a better alternative. We collect fresh, infected aphids and
place them in a clean plastic deli tray. We add a little distilled water
and place them in a cool, shaded spot for a few days to spore. With
proper moisture and temperature, each infected aphid will produce
millions of spores. We then add more water to the trays and shake
them vigorously to suspend the spores in the solution. We use a
spray applicator to spray the solution onto our seedlings and infected
plants. We apply the fungus on a Friday or Saturday after a harvest
and plant clean-up; a cloudy cool day is preferable. Infected aphids
do not readily wash off, so infested leaves need pruned off and fed to
the chickens (after we have collected the specimens we want for
spore culture). After one or two applications, insect populations are
so reduced as to not be a problem for a while. Spring seedlings are
sprayed weekly to prevent leaf-dwelling insects from colonizing.

When not infecting insects, the spores can lie dormant in the soill
and also work as decomposers of decaying organic matter.

The US EPA lists Beauveria bassiana as non-toxic and non-
infective to mammals, noting that it grows at temperatures well below
human body temperature. It is approved for outdoor use and indoor
use in greenhouses. However, there is a slight possibility it could
cause an allergic reaction in susceptible individuals. It is best to
apply the spores in solution to avoid creating excess airborne
spores. A dust mask is always a reasonable protection for



application of any spray. Also, follow any guidelines on commercially
available strains. The EPA also warns of potential to infect
honeybees. For more information, visit
WwWWw.epa.gov/pesticides/biopesticides/ingredients/index.htm.

Predatory Mites

We purchase predatory mites as needed to help reduce populations
of thrips and two-spotted spider mites. These microscopic relatives
of spiders consume the eggs, nymphs and adults of their prey.
Spider mites apparently are also killed by the Beauveria fungus, but
as the bioshelter warms in the spring, the fungus is less active.

When we see populations of spider mites in the bioshelter, we
order the predatory mite Phytoseiulus persimilis from a commercial
insectary. It is best to release these predators in late winter, when
the bioshelter is neither too hot nor too cold for the predator to be
active. After placing the order, we spray several applications of
insecticidal soap to reduce the populations. After that, the persimilis
mite is very effective in controlling the two-spotted spider mites.

We sometimes release the predatory mite Amblyseius cucumeris
in spring to help control the population increase of thrips in the
bioshelter. Thrips are especially active consumers of nasturtiums.
Again, we first make several applications of soap spray to reduce
populations of thrips before releasing the predator.

Weed Control

A weed, to repeat the old saying, is just a plant in the wrong place.
Many plants some gardeners consider as weeds are valuable wild
edibles to us. These, of course, can get out of control and suppress
the main crop. Bioshelter weeds include snapdragon and nicotiana,
which both self-seed profusely.

Ehrenfried Pfeiffer, the biodynamic farmer and writer, outlines
three types of biological weed management. First is planting the crop
seeds thick enough to outgrow and choke out weeds. This can be a
good strategy for planting lettuce in warmer months. In colder
months, a dense planting can cause disease in the lettuce.


http://www.epa.gov/pesticides/biopesticides/ingredients/index.htm

The second strategy is to plant a crop that has allelopathic
properties to suppress weeds. Rye grass is a good winter crop for
suppressing winter and spring weeds, and clover can suppress
weeds in the summer.

The third biological weed control Pfeiffer offers is to improve the
soil with compost, manure, lime and drainage. Soil improvement is
an ongoing process, though, and we wonder if this really only
changes the type of weeds that grow.

To Pfeiffer’'s measures, we add that weed control begins with seed
control. Undesired weeds should not be allowed to seed. When
weeds go to seed, those seeds can continue to germinate for many
years. Each seed has a slightly different chemistry for breaking
dormancy. Sunlight, moisture and time are all elements.

If a farm has sufficient space to produce its own mulch, weed
seeds will not be as big of a problem. It's imported mulch and
manure that will bring in weed seeds. This is where our field got its
Canada thistle and probably its red dead nettle. Canada thistle is a
noxious weed by legal definition. It spreads by seed and perennial
roots. We strive to eradicate it by mowing and cutting it before it can
flower. When patches do flower, we burn them with a torch before
cutting the stalks and burning them in the fire pit. Admittedly, each
weed has some virtue: Canada thistle is a wonderful bee and
butterfly forage plant. But that does not make it a desirable plant.

Disease Control

When a disease appears in the garden, the problem is often
environmental. Weather, soil type, fertility, and other factors can
stress plants and allow them to become diseased. A farmer should
keep references on hand to identify plant disease. State plant
inspectors are happy to help identify problems.

Mosaic Viruses

There are tomato, tobacco, lettuce, and cucumber mosaic viruses.
All are similar — making it hard for the average gardener to identify
which one is the problem. All are spread by infected seeds or carried



from plant to plant by aphids and other sucking insects or the
gardener’s hands when managing diseased plants. The virus can
survive up to two years in infected plant residue.

Cucumber mosaic virus, especially, is carried by many weeds and
their seeds. Aphids get it from infected plants and transfer it to other
plants. As with many pathogens, it is likely that mosaic virus has
some benefit to the aphid. The weakened plants do draw other
aphids. Cucumber beetles quickly spread the disease among
cucumbers and squashes. Planting resistant varieties is often the
only way to prevent crop loss.

There are three times when you have a chance to control these
viruses: when buying seeds; when weeding out infected plants; and
when choosing how to control vector insects.

Control in the bioshelter begins with the use of mosaic-tested
lettuce seeds (MTO0). These seeds are tested and declared to be
virus-free by the seed company. Using only mosaic-tested seeds in
the greenhouse will help reduce or prevent lettuce mosaic virus.

Because mosaic virus is present in the outdoor gardens, it
eventually is carried inside a greenhouse by aphids and other
sucking insects. The virus may be present is a healthy looking plants
and not appear until the plant is stressed. In winter, when the soil is
cooler and plant defenses are low, the virus’ effect appears. The
misshapen leaves and stunted plants are easily recognized. Infected
plants should be gathered and fed to the chickens as soon as they
are found.

Many plants in the bioshelter are susceptible. Our self-seeded wild
edibles, chickweed, wood sorrel, purslane, lambsquarters and
amaranth can all carry cucumber mosaic virus. (Because these all
self-seed, infected plants can be hidden on the floor, under planters,
and in odd corners of our polyculture beds.) Our collection of
ornamental oxalis is prone to mosaic virus. During the summer,
plants will appear fine, but in the middle of winter the leaves will be
misshapen and stunted. Self-seeded snapdragons also are a
common host. When they germinate and begin to grow in the winter
greenhouse, obviously infected plants are removed, and healthy



looking plants are allowed to grow. It is best to remove all infected
plants as they appear.

Aphids are most able to spread the virus when they begin to grow
wings in the middle of winter.

Powdery Mildew

Powdery mildew is often a problem in the bioshelter, primarily in the
cooler months. Mildew doesn’t usually overwinter outside in cold
climates such as ours, but it returns with the summer rain. Outdoors,
it appears in early fall on red clover, plantain, and other plants. Inside
the bioshelter and cold frames it can grow as a faint white powder on
the leaves of pansy, columbine, tomatoes, calendula, rosemary and
a few other crops. The mildew can spread under cool, moist
conditions and will kill a plant if unchecked. The first control for
powdery mildew is environmental: Do not get leaves wet when
watering. Water sitting on leaves in cool, cloudy weather will provide
the conditions for powdery mildew to get established. Keeping
leaves dry is not easy when watering. Poor air circulation in a closed
building makes the problem worse. Also, there is a trade-off,
because wetting leaves can help reduce other pests, such as
whiteflies, thrips and especially spider mites. This is probably
because wetting helps promote parasitic fungus and other insect
disease. So a decision must be made whether to wet leaves or not.
This is often a major source of disagreement between bioshelter
managers at our farm. As with all agricultural practices, timing is
everything. If spider mites and thrips are present and mildew is not,
wetting the leaves will help control the pests.

When plants do become infected with powdery mildew, it can be
cured by dusting the leaves with powdered sulfur. The sulfur will kill
the mildew, but also will kill the leaf. So the treatment must be timely
to save the plant. We have noticed that plants treated with the sulfur
powder often grow back looking healthier; we suspect powdery
mildew is related to sulfur deficiency.

Slugs and Snails



Terrestrial mollusks, slugs and snails can be the bane of the market
gardener. Continuous battle is necessary some years to control their
numbers. Our worst pest is the grey field slug, Deroceras
reticulatum. This native of Europe has followed gardeners all over
the planet. We also do battle with the garden arion slug, Arion
hortensis. This is also a European immigrant that is partly identified
by its orange mucus trail. We began to see a small snail in our
gardens in 2003. While not overabundant, it has spread throughout
the farm. The appearance of snails can indicate an increase in
available calcium, which is necessary for snail shell formation.

Slugs and snails are a favored food of fireflies. With all the
thousands of fireflies we see each summer, | shudder to think how
many more slugs we would have if there were no fireflies. Snakes
also eat slugs, as do some songbirds.

The population of slugs in our gardens has risen and crashed
several times in the past 20 years. Slugs are the worst in wet years
and after mild winters. Old, damp straw and hay can harbor slugs
and their eggs, so mulching with straw is often a big mistake. Slugs
eat a wide range of crops and seedlings, including most salad and
cooking greens.

When our children were young, we paid them a penny a piece to
collect slugs. Wearing latex gloves, they picked slugs off plants by
hand. Consequently, each spring, the kids had plenty of money for
bike rides to the local ice cream store. Slugs come out in the early
evening and can be collected in buckets of water. They are eagerly
consumed by chickens. Since the children have grown, | have
inherited the job of collecting both slugs and snails. Beer traps are
effective and can collect dozens of slugs in a night when infestations
are severe. | fill a tray half-full of beer and set it down into the soil.
Slugs crawl into the beer and drown. Beer traps need to be emptied
right away though, because slugs smell horrendous after they are
dead a few days. It is best to feed them to the chickens each
morning when they are freshly “pickled.”

Diatomaceous earth, with its sharp, jagged texture, will deter
slugs, but our gardens are far too large for its use to be practical. We
do treat our outdoor seedling frames with diatomaceous earth. Slugs



like to hide under the flats and come out at night to devour young
seedlings. Between collection and the diatomaceous earth, we have
been able to minimize slugs’ effect on our seedlings.

In recent years, we have reduced our use of imported straw mulch
and increased our use of leaf mulch. This may be responsible for the
major crash of slug populations in 2006.

Mammals
White-tail Deer

The most common question we receive when presenting garden
workshops is “How do you control deer?” | suggest a double fence
system and a good dog. We have had almost no problem with deer
on our rural farm in 20 years. | attribute this to the presence of our
farm dogs and the local hunters who keep populations under control.
Occasionally, a deer will sneak in to eat fallen apples, but they
generally avoid us.

Many suburban communities struggle with the “Bambi
phenomenon” — heavy resistance to reducing deer populations
through hunting. This is the result of an unfortunate
misunderstanding of ecology. The natural processes of life require a
balance of predators and their prey. Deer populations in nature are
controlled by heavy predation. When we remove predators from the
system, we must work to restore balance. Choosing not to control
the population of deer and other game animals turns them into pests.

Groundhogs

You say groundhog, | say woodchuck. We both mean Marmota
monax. This wily rodent, most closely related to the squirrel, is the
bane of gardeners across North America. Woodchucks can destroy
a case or more of lettuce in a morning and will take a bite out of each
tomato that begins to ripen. They will climb over a fence or bite a
hole through chicken wire to get at your garden. The damage they
can cause goes beyond the loss of crops. They can even undermine
building foundations.



To control woodchucks, we must first examine their role in nature.
As a strict vegetarian, they are a primary consumer in the food chain.
They, themselves, are food for wolves, coyotes, dogs (and people).
Young woodchucks are among the prey of foxes, owls and hawks.
Their habit of digging extensive burrows does have the positive
effect of bringing mineral-rich subsoil to the surface and air into the
soil. When they abandon their dens, skunks, foxes, rabbits and other
creatures use them for shelter. In their natural environment,
woodchucks are an edge species, preferring to forage the meadow
from a burrow on the forest edge; they are a key species in the
ecological balance wherever they live.

Woodchucks begin to breed in their second year and can produce
a litter of up to six young. They actually do arise from three or four
months of hibernation in late winter and their young are born in early
spring.

Spring is a good time to inventory burrows and mark their location.
We like to fill in the borrow entrance and then come back to see if
the burrow is active. Later in spring and summer, we are alert for
new burrows as the young strike out on their own to seek new
pasture. They are elusive — up early and out late — though they
may forage at any time of day. They like to stand guard over their
burrows and watch for intruders. The only sign you may have of their
presence in the underbrush is their shrill whistle of warning as they
flee to their burrow.

Our primary control method has been to have a good-sized farm
dog. As discussed elsewhere, setting up predator-prey relationships
on the farm is an important part of ecological design. A young and
energetic dog can kill its own weight in woodchucks every week.
Older dogs that have been bit once or twice will get wary and may
need assistance from the farmer. As our first farm dog aged,
woodchucks and rabbits began to move into our tree lines and
gardens again. When he was not as good at chasing them down, we
had to help. One way was to flood out the burrow with the irrigation
hose. First, all exits but one are filled in. Then the hose is turned on.
When the animal comes out of the burrow, the dog can catch it.



We once had two dogs, ours and a neighbor’s, that developed a
tag-team approach. One would guard the burrow, while the other
chased the foraging woodchuck toward him.

If you have no dog, a .22 caliber bullet or two usually is sufficient
to kill a woodchuck. But be aware that there may be more than one
woodchuck per burrow.

You can also buy sulfur dioxide smoke bombs that will kill them by
asphyxiation. If you use these, be sure to cover all other holes and
then the hole with the smoke bomb. Follow all instructions and do
not breathe the smoke.

Woodchucks are easily caught in a large-sized live trap. Apples
are common bait. Once you have the animal in the trap, you should
either kill it or take it at least ten miles away. They are particularly
nasty when cornered and will bite, so use all necessary precautions
when handling, or otherwise controlling them (or any wild animal). |
personally do not think it is fair to give someone else my problem,
but perhaps you can take it to a state game land or other place
where it will not be a pest.

Once a woodchuck is dead, we usually bury it back in the hole it
came from. We do have friends who find the meat of the woodchuck
to be fine for roasting. It is indeed tender when the animal is young; it
IS similar to roast beef. They are best in July, when they weigh about
five pounds. But we do not usually eat them. If you chose to add
them to your diet, be sure to follow all precautions in handling wild
game. Woodchucks have several musk glands that need to be
removed. Woodchuck fur is too coarse to be of value, although
Native Americans used their hides for leather goods.

Rabbits

The Eastern cottontail, Sylvilagus floridanus, is the rabbit that we
share the land with. They, too, are primary consumers, and are even
more important to the diet of predators than the woodchuck. Rabbit
populations rise and fall on a ten-year cycle, in ecological step with
the populations of foxes and other predators. Rabbits can produce
three new generations each year. About 25 percent of these survive



to reproduce the next year. Fox, weasels, coyotes, dogs, cats, owls,
hawks and snakes all prey on rabbits.

Rabbits can cause considerable damage to crops. They especially
enjoy grazing on seedlings of lettuce and other greens. They can
quickly girdle and kill a young fruit tree in the winter by eating the
bark. Fencing for rabbits should be at least 2 feet high and bent flat
to the ground at the base to prevent them digging underneath.

Rabbit control includes predation of young rabbits by the farm cat.
We also hunt and eat them. During the summer month, rabbits often
have warbles, a fly larva parasite that lives under a rabbit’s skin, on
the back of its neck. So we usually hunt them in the early spring and
fall.

Rabbits can also be caught in a live trap and released off the farm.
Almost as soon as one is removed from the farm, though, another
moves in to take its place. The combination of hunting, fencing, and
predation helps keep them from becoming too much of a problem.

Small Rodents

A vole looks like a large mouse. The meadow vole, Microtus
pennsylvanicus, is a common and constant garden pest. Voles are
often mistaken for moles. Moles also burrow in lawns and gardens,
but they do not eat vegetables; they prefer worms, slugs, snails and
even small mice. Moles actually are beneficial because they loosen
and aerate soil while patrolling for their prey. Voles also burrow
through garden beds and loosen soil. But they eat our crops. They
can quickly ruin a crop of potatoes, bite into ripening tomatoes and
consume many root crops. They especially love mulched beds.

Voles are controlled by predators as well. Weasels and foxes hunt
them. Cats and dogs will catch them when they can. Dogs can learn
to locate and dig them out of the garden beds during winter months.
In the summer, when dogs are excluded from the gardens, we catch
them in rat traps baited with cherry tomatoes or root crops. Regular
rototilling between crops also seems to discourage them.

Voles occasionally move into the bioshelter’s deep beds. When we
see their tunnels, we set traps to catch and eliminate them.



Various types of mice can be a problem in the garden and
greenhouse. They will eat seeds and young seedlings of lettuces,
peas, squash and other crops. The farm cat and natural predators,
including snakes and weasels, keep down the outdoor population.
Inside the bioshelter, we regularly trap them to control the
population. Seeds are stored in sealed containers.

The Farm Dog

A good dog or two is essential for farm pest control. First of all, the
dog must be friendly and like children. They need to be almost a
year old to really begin training. Dogs, contrary to what many people
think, like to have a space of their own to hang out in. So being
chained to a doghouse is not so bad from dog'’s point of view — so
long as there is an adequate length of chain and access to fresh
water. What is needed is daily exercise. Training to follow
commands, including come, stop, walk, run, and sit is required.
Never try to train a dog if it is not on a leash. The best reward for
most dogs is a good rub behind the ears and words of praise, though
dog food treats can also help with training.

The dog should be trained to walk the farm’s pathways and to
avoid garden beds. Daily walks around the farm’s perimeter create a
routine and makes the dog familiar with his territory. Dogs need to be
trained to relieve themselves in appropriate places; in our case, that
means along certain parts of the tree line and under the utility line,
well away from foot traffic and harvest areas. Once the dog knows
the property, and it is trained to stay on the farm, you can begin
training it to hunt for pests. Most dogs have an instinct to Kill
woodchucks, chase rabbits and, sometimes, dig for moles. If the dog
you are working with does not have that instinct, consider finding it
another home and get another dog. Once they know the game, dogs
will spend a lot of time finding a woodchuck’s pathways and holes
and chasing them down.

The Farm Cat



Cats are territorial hunters. They will patrol an area of about four to
five acres. Young cats will climb trees and can catch birds. But as
they get older, cats seem to learn that ground-dwelling rodents are
easier prey. In the spring, they help control the population of young
rabbits. Cats are necessary in a landscape to control voles, mice and
young rats. Overfed cats are less likely to hunt as frequently, but this
varies from cat to cat.

The ecological view of cats in the landscape is based on carrying
capacity. One cat hunting on a five-acre farm is a good balance.
Even the occasional bird lost to a cat may be good for the ongoing
evolution of songbirds. But adding more cats can quickly overburden
an ecosystem. The classic food pyramid shows the population of
predators as the small triangle at the top of the food chain. Predators
are by nature territorial to keep in balance with their prey
populations. As food farm managers, it is important to keep the
number of cats in the neighborhood to a minimum. When we do get
a new cat at the farm, we always are sure to schedule a veterinarian
appointment for all shots and birth prevention procedures.

Cats should not be allowed to use the garden for their litter box.
We prepared a space in the tree line with sand and cat litter and
encourage our cat to use these facilities. Cats can carry the
protozoan parasite Toxoplasma gondii, which causes toxoplasmosis
in humans. Cats get the parasite from eating rodents and birds. The
parasite breeds in a cat’s intestines for several weeks and can
spread to people through contact with cat feces. The parasite can
live up to 18 months on the soil. While the effects are usually mild in
adults, pregnant women should avoid contact with cat feces.
Toxoplasmosis can cause severe complications for a developing
fetus.

Pests and Permaculture

As with other aspects of permaculture design, ecological pest control
Is based on an understanding of ecological systems, continuous
observation and experimentation. The diversity and balances that
have developed in our five-acre field are a small step, but they are a
good indication of the potential of permaculture design.



