
Practical guidelines for establishing, maintaining and 
assessing the usefulness of insectary plantings on your farm

This manual provides some steps for the planning, establishment, maintenance, evaluation and 
adaptation of insectary plantings.  The mechanisms by which insectary plantings can help natural 

enemies of crop pests and other beneficial arthropods are complex, and their effectiveness can vary 
greatly from site to site depending on the specific situation.  For this reason, it is especially important 
that insectary plantings are planned and assessed on a case-by-case basis, and integrated into whole-

farm plans for pest management and other farm operations.  The recommendations provided in this 
manual are aimed at agricultural settings in the Pacific Northwest, but much of the information applies 

to other regions and settings in a general sense.

Introduction
Insectary plants are most commonly 

described as plants that readily 
provide nectar and pollen food 
sources in a form that is attractive to 
natural enemies of crop pests.  These 
plants can also provide alternate prey 
or host food and shelter to the natural 
enemies in some instances, but this 
handbook will focus on the floral 
resources.  It is also important to note 
that other beneficial insects, such as 
pollinators, as well as some pest 
insects,  can also receive benefit from 
insectary plants.

If carefully selected, these floral and 
extra-floral resources contained in 
insectary plantings can potentially 
attract, retain, and/or enhance the 
reproduction, longevity and 
effectiveness of a wide range of 
natural enemy groups, examples of 
which are pictured on the right. 

Many species of beneficial insects that 
require food and shelter for their 
survival and effectiveness may not 
meet their full potential in agricultural 
landscapes where these resources 
are lacking.  It may be difficult to 
determine how limited natural 
enemies are in a given situation, and 
what the causes of those limitations 
may be, but well-chosen insectary
plantings can at least serve as 
supplemental resources, and may 
contribute to population increases 
when planted on a large enough 
scale.
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Getting Started – Planning for Insectary Plantings

Insectary plantings that are well thought out can maximize the benefits to natural enemies and minimize 
the benefits to pest species (Pfiffner & Wyss 2004, Quarles & Grossman 2002).  Although certain rules 
of thumb can help guide the planning process (see box below), it important to first collect information on 
and/or consider some biological and farm management factors when planning for insectary plantings.

Some basic steps in this process can include:

1)  Looking to see which key natural enemies and pests are present in and around crops, fields and farm 
areas of interest. It is important to first correctly identify these organisms.  Some references that are good for the 
identification of species and key groups of pests and beneficials in this region are Beers et al. 1993, Stoltz et al. 1003, 
Berry 1998, and Capinera 2001 (see ‘References’ pages 9-10).  Basic recommendations for monitoring, sampling, 
collecting and identification are given on page 5.  See Appendices I & II for farm monitoring forms.

2)  Learning more about the biology of these specific organisms and what they need to thrive.  
Here is a table suggesting some relevant questions to ask and how to get answers to those questions:

3)  Creating an inventory of existing habitat and plant resources in and around the farm.  This can be 
accomplished with a brief visual survey and organizing the informationinto a map (eg. Wrysinkski 2002).  See 
Appendix II for the types of resources to look for in a given plot, field, farm section, farm or landscape on a map.

4)  Matching up the habitat and resource requirements of the organisms to what actually is present.
Appendix II is a  form which helps match insect needs with what is actually present in the location being monitored.

5)  Making a plan to add the lacking resources and habitat by selecting the appropriate plant species 
and planting configurations.  Insectary plantings  need to be tailored to the specific agricultural system (Pfiffner & 
Wyss 2004, Gurr et al. 1998). Also see Appendix III for ecological, agronomic and economic questions to consider.

Information of this type exists in some specific cases, eg. Colley 
& Luna 2000 and al Doghairi 1999, but can vary (eg. Cowgill
1993a).  Additional observation  may be needed, using App. I.

Are there different preferences among these organisms 
for various species and arrangements of  insectary plants?

This information is more difficult to find for each species, but
some good general  descriptions of plant food requirements are 
included in Dufour 2000, Bugg 2001, and Jervis & Kidd 1996.

Are there different requirements for nectar and pollen 
foods (or other habitat types) among  these organisms?  
[also see ‘rules of thumb’ text box below] 

References which are good for local natural enemies species 
include Hoffman et al. 1993, Flint et al. 1998, Capinera 2001, 
and Weeden et al. 2004;  or ask a local  official.

Which of these natural enemies attack which pests at 
which times, and what are their dispersal abilities?

Insectary Plant Planning – Some Rules of Thumb:  

If time or resources do not allow for the type of systematic insectary plant plan suggested above, then 
the following general guidelines or strategies can help serve as a guide for insectary plant planning.

1.  provide continuous bloom
2.  bigger, closer and more interconnected patches of resource are better than small patches
3.  maintain a diverse range of flower types, colors, plant architectures, and perennials & annuals
4.  native and traditional varieties can be better than the newer, sometimes nectarless varieties
5.  nectar in flowers with long, narrow corollas is accessed primarily by insects with long mouthparts 

such as bees, butterflies and some flies, so florets with small, shallow corollas (such as in umbels) 
are generally better for smaller beneficial insects with shorter mouthparts
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Types of Insectary Plantings
Insectary plants can be included in cropping systems in many different configurations. They can be broken 

down into the following categories based upon similarities in management.  More information on the 
establishment and maintenance procedures specific to each of these types are given on the following page.

In cover crops:

Flowering buckwheat cover crop, Persephone Farms, OR

In plantings within the current crop field or orchard in strips or smaller blocks:

Strip insectary plantings of coriander and 
agastache, Persephone Farms, OR

Block  insectary planting of alyssum, 
Stahlbush Island Farms, OR

In plantings 
outside of the 
crop field, 
among hedgerow 
plants, or as 
perennial or 
annual plantings 
in crop margins: Annual border planting of phacelia in 

front of a hedgerow in New Zealand

In selectively managed 
weed patches:

Volunteer mustard left in field until 
seeding, Persephone Farms, OR
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Insectary 
plantings 
within the 
current 

crop field 
or 

orchard:

Insectary 
plantings 
within the 
current 

crop field 
or 

orchard:

Insectary 
plantings 
outside of 
the crop 
field:

Insectary 
plantings 
outside of 
the crop 
field:

Insectary 
plantings in 

cover 
crops:

Insectary 
plantings in 

cover 
crops:

Insectary 
plants in 

selectively 
managed 
weed 

patches:

Insectary 
plants in 

selectively 
managed 
weed 

patches:

Source-sink effects of  weeds (Bugg et al. 1987)
Increased hoverfly egg-laying  at and near unsprayed 

weed headlands in UK wheat (Cowgill et al. 1993b)
Increased numbers of hoverflies at & near flowering weed 

field margins in Switzerland (Frank 1999)
A review on weeds for beneficials (Nentwig 1998)
A comprehensive review of arthropod interactions with 

weed in agriculture (Norris & Kogan 2000)

Advantages:
Saves some work in the 

establishment of 
insectary plants.

Disadvantages:
Requires careful timing 

to avoid seeding.

Certain weed 
species left  to 
flower outside of 
crop fields can 
provide floral 
resources that are 
just as valuable to 
beneficials.

Survey of insectary cover crops in Pecans  found 
sesbania, buckwheat, showy partridge pea & hairy 
indigo to have the most natural enemies (Bugg & 
Dutcher 1989)

Increased hoverfly numbers  in German apple orchards 
undersown with a 17 flower mix  (Vogt et al. 1999)

Reduced leafhoppers and thrips in California vineyards in 
conjunction with well-timed mowing of buckwheat and 
sunflower covers (Nicholls et al. 2000)

Local cover crop guide (Sattell & Dick 1998)
Cover crop methods & how to guide (Bowman et al. 1994)

Advantages:
Other benefits, eg. weed 

& erosion prevention, 
as well as  nutrients.

Disadvantages:
My not be present at the 

right time between 
seasons, or may act 
as sink within-season.

Undersown covers can 
be difficult to manage.

Insectary plants as 
cover crops can be 
included in annual 
or perennial crop 
systems either 
between crop 
seasons, or sown 
under the crop or 
orchard during the 
season.

Borders of sown wildflowers increased hoverfly numbers 
in adjacent UK wheat fields (Harwood et al. 1994)

Increased hoverflies and parasitoids in UK wheat fields 
with P. tanacetifolia borders (Holland et al. 1994)

Decreased aphids and increased predators in wheat fields 
near insectary strips in Germany (Hausammann 1996)

Inreased hoverfly numbers in UK wheat fields bordered by 
P. tanacetifolia (Hickman & Wratten 1996)

Increased parasitoid activity in Californai lettuce close to 
borders of sweet alyssum (Chaney 1998)

Increased parasitoid activity near sown wildflower strips in 
cabbage fields in Switzerland (Pfifner et al. 2003)

Hedgerow methods and how to guides  (Kimball & Lamb 
1999, (Earnshaw 2004, Hobbs & McGrath 1998)

Advantages:
Increases function of 

‘unused’ areas.
Disadvantages:
May have extra work 

with weed control 
during establishment .

Zone of influence may 
be out of range for 
poorly dispersive 
beneficials.

Annual or perennial 
plantings along the 
crop field  borders 
such as in 
hedgerows, or in 
larger areas further 
away from the crop 
field as in ‘set 
aside’.

More  hoverflies near a strip of coriander &  Phacelia
tanacetifolia in New Zealand wheat (Lovei et al. 1993)

Dill and coriander strips increased predation of colorado
potato beetle eggs in eggplant (Patt et al. 1996)

Natural enemies fed on border insectary plants and 
moved into the crop fields (Long et al. 1998)

Increased parasitoid activity in apple plots with undersown
buckwheat in New Zealand (Stephens et al. 1998)

Strips of coriander increased number of hoverlfies in 
cabbage in Japan (Morris et al. 2000)

Increased hoverflies in UK barley (Sutherland et al.  2001)
Increases of  a leafroller parasitoid  in vineyard areas with 

buckwheat strips (Berndt et al. 2002)
More  parasitoid activity in wheat (Tylianakis et al. 2004)

Advantages:
Zone of influence right in 

with the crop plants.
Disadvantages:
Can take some crop 

land out of production.
Smaller blocks and 

individual insectary
plants can be difficult 
to manage & assess 
in the crop field.

Can be included in 
a crop field in 
larger strips, 
smaller blocks, or 
as individual 
companion plants 
interspersed 
throughout the 
crop field. 

Defined + / - Selected Examples & Resources
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Monitoring & Evaluating the Effectiveness of Insectary Plantings

Practical considerations for sampling, sorting and identifying arthropods

For monitoring visitors to insectary plantings, the best method is visual observation of the 
relative amount of each species visiting the flowers, with some sweep net collection of 
those small or hard-to-identify species for later identification with a magnifying glass.

If monitoring is to be done over multiple years, it is useful to make a reference collection of 
those species that are not readily recognized;  for detailed methods, see Schauff 2004.

For monitoring insects in the canopies of crop plants, weeds and other vegetation, sweep nets 
and beating branches over a cloth work well for ‘hidiing’ and fast-moving arthropods, but 
there are also many types of traps specific to certain arthropod types, see Flint et al. 1998 
for details.

Some insect types can also be monitored by their droppings or feeding remains of prey and 
vegetation.

Initial monitoring attempts will yield a large number of species and types that will be difficult to 
identify down to species immediately.  Consider prioritizing the monitoring of those species 
and types that are  1) known to be, and  2) appear to be relatively important in the system 
or farm area of interest.

Practical considerations for sampling, sorting and identifying arthropods

For monitoring visitors to insectary plantings, the best method is visual observation of the 
relative amount of each species visiting the flowers, with some sweep net collection of 
those small or hard-to-identify species for later identification with a magnifying glass.

If monitoring is to be done over multiple years, it is useful to make a reference collection of 
those species that are not readily recognized;  for detailed methods, see Schauff 2004.

For monitoring insects in the canopies of crop plants, weeds and other vegetation, sweep nets 
and beating branches over a cloth work well for ‘hidiing’ and fast-moving arthropods, but 
there are also many types of traps specific to certain arthropod types, see Flint et al. 1998 
for details.

Some insect types can also be monitored by their droppings or feeding remains of prey and 
vegetation.

Initial monitoring attempts will yield a large number of species and types that will be difficult to 
identify down to species immediately.  Consider prioritizing the monitoring of those species 
and types that are  1) known to be, and  2) appear to be relatively important in the system 
or farm area of interest.

The overall effectiveness of insectary plantings ideally should be evaluated by looking at their 
relative attractiveness to pest and beneficial species, their effect on these species in other parts 
of the farm, and the cost vs. benefit of their establishment and maintenance.

Information about the relative attractiveness to floral visitors can be collected by using the tear-
out-and-copy form in Appendix I. Information about the effect of insectary plants relative to 
other parts of the farm can be collected by using the tear-out form in Appendix II.  

When making this assessment, remember that these plants can also enhance natural enemies 
through the provision of alternate hosts and shelter, so observing and recording actual feeding 
visits to flowers can help to determine if the floral resources are being used.

This information can then be used to compare effects such as:  
1) relative amount of different insects visiting insectary plantings before and after planting
2) natural enemy and pest activity near to and far from insectary plantings in crop areas
3) visitation to and effects of different species, densities or arrangements of insectary plantings
4) visitation to control plots, or other locations of interest in and around the farm

The information gathered from each of these two forms can then be fed into an overall 
cost/benefit evaluation, a guide table is included in the tear-out form in Appendix III.
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Appendix I, Field monitoring form for the evaluation of insectary plantings

This form is to be used for individual insectary plantings of interest.  The information on this form can be used to keep a 
record of the attractiveness of the insectary plant species or insectary plant mixes to certain arthropod species.

sampling methodfeeding on 
flowers? 
[y/n]

# of 
immatures

# of 
adults

pest or beneficial group***pest or beneficial species

Insectary plant species _____________________________     Date __________    Time _________     Temp ________

Type of configuration* ____________________________     Other weather conditions _________________ 

Approximate size of planting monitored __________________       Approximate #flowers/area ____________

Distance from other insectary planting(s)/habitat __________      Pest management activities**__________________

Insectary plant species _____________________________     Date __________    Time _________     Temp ________

Type of configuration* ____________________________     Other weather conditions _________________ 

Approximate size of planting monitored __________________       Approximate #flowers/area ____________

Distance from other insectary planting(s)/habitat __________      Pest management activities**__________________

*  ‘infield planting, field border, conserved weed patch, or cover crop’

**  e.g. list the pest management actions taken near that planting

***  Choices for names of beneficial groups include:  ‘ladybird beetle, syrphid fly, lacewing, tachinid fly, 
parasitoid wasp, predacious wasp, predacious bug, bee, etc.     Choices for names of pest groups in include:  
‘aphid, true bug, butterfly or moth, etc. 
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Appendix II, Field monitoring form for comparing amounts of arthropods on 
different parts of the farm

This form is to be used for individual plots, fields, farm sections, whole farms, or landscapes of interest (as in ‘preliminary 
planning’ steps 1, 3, & 4 on page 2.).  The information on this form can be used to keep a record of the status of certain pests, 
beneficials, insectary plants and crop health in these individual locations on a farm map.  It can also be used to compare 
locations for potential ‘before and after’ or ‘near and far’ effects of insectary plantings, either in a spreadsheet, or manually.

Location on map _________________________________         Date ___________        Time ____________     Temp ________

Approx. size of area sampled __________________       Other weather conditions _________________________________

Crop/veegation type ________________________________     growth stage __________________________________

Pest management activities*___________________________    Other crop health factors** _____________________

Location on map _________________________________         Date ___________        Time ____________     Temp ________

Approx. size of area sampled __________________       Other weather conditions _________________________________

Crop/veegation type ________________________________     growth stage __________________________________

Pest management activities*___________________________    Other crop health factors** _____________________

•e.g. list the pest management actions previously taken at that location

** eg soil fertility, or other conditions that can affect insect numbers

*** Choices for names of beneficial groups include:  ‘ladybird beetle, syrphid fly, lacewing, tachinid fly, parasitoid wasp, 
predacious wasp, predacious bug, bee,  etc.     Choices for names of pest groups in include:  ‘aphid, bug, butterfly or moth, etc.

† ‘infield planting, field border, conserved weed patch, or cover crop’

sampling 
method

other signs of 
presence or 
damage? Amount?

# of 
immatures

# of 
adults

pest or beneficial group***pest or beneficial species

If insectary plants are present at or near the location being sampled: Date planted _______________ 

Type of configuration †____________________________        Approximate # flowers/area ______________

Approximate size of insectary planting __________________   Distance from the  insectary planting(s) ___________   

If insectary plants are present at or near the location being sampled: Date planted _______________ 

Type of configuration †____________________________        Approximate # flowers/area ______________

Approximate size of insectary planting __________________   Distance from the  insectary planting(s) ___________   
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Appendix III, Planning form for basic cost/benefit assessment

This checklist is to be used for the pre- or post-comparison of insectary plant species, types, or configurations under 
consideration (as described in ‘preliminary planning’ step 5 on page 2).

Does this plant type have an effect on these organisms on 
other parts of the farm? [see Appendix II]

Is this plant type more attractive to these organisms than 
other plants on the farm? [see Appendix II]

Does this plant and/or habitat type fulfill the requirements 
for nectar and pollen foods or other habitat for the 
organisms of interest?

Estimated or observed outcome with plant type:

Positive Neutral Negative
Indicator

Is the insectary plant known to serve as an alternate host 
for crop diseases?

Are the plants  toxic to livestock or other local animals?

How competitive is the insectary planting with the crop, or 
does it harbor other weeds?

A
gr

on
om

ic
A

gr
on

om
ic

If land is taken out of production with the planting type, 
what is that cost?

How do these costs and availability of insectary plantings 
compare to other management options?

What are the costs of seed, establishment and maintenance 
under the specific conditions?

Can the insectary plant be harvested and sold as a crop?

Ec
on

om
ic

Ec
on

om
ic

Do the insectary plantings provide sufficient floral 
resources for the organisms of interest at the right times 
and places in the system? [see Appendix I]

Does the insectary planting attract the natural enemy away 
from the target pest? [see Appendices I & II]

Ti
m

in
g

Ti
m

in
g

It may not be possible to obtain exact information relevant to all the factors above, but simply considering those 
factors can at least help to insure that an insectary planting will be useful.  If information is not available in 
advance for certain aspects that are of a high priority, it may be necessary to carry out some targeted on-site 
research and/or monitoring to get that information during the first seasons in which the insectary plantings are 
implemented.

O
rg

an
is

m
O

rg
an

is
m

8



al Doghairi, M. A., and W. S. Cranshaw. 1999. Surveys on visitation of flowering landscape plants by common biological control agents in Colorado. Journal 
of the Kansas Entomological Society 72: 190-196.

Baggen, L. R., and G. M. Gurr. 1998. The influence of food on Copidosoma koehleri (Hymenoptera: Encyrtidae), and the use of flowering plants as a habitat 
management tool to enhance biological control of potato moth, Phthorimaea operculella. Biological Control 11: 9-17.

Berndt, L. A., S. D. Wratten, and P. G. Hassan. 2002. Effects of buckwheat flowers on leafroller (Lepidoptera: Tortricidae) parasitoids in a New Zealand 
vineyard. Agricultural and Forest Entomology 4: 39-45.

Bugg, R. L., and J. D. Dutcher. 1989. Warm-season cover crops for pecan orchards: horticultural and entomological implications. Biological Agriculture and 
Horticulture 6: 123-148.

Bugg, R. L. 2001. Benficial insects and their associations with trees, shrubs, cover crops and weeds, pp. 59-61. In P. Robbins, R. et al. [eds.], Bring farm 
edges back to life!  Yolo Co. Resource Conservation District, Woodland, CA.

Bugg, R. L., L. E. Ehler, and L. T. Wilson. 1987. Effect of common knotweed (Polygonum aviculare) on abundance and efficiency of insect predators of 
crop pests. Hilgardia 55: 52pp.

Chaney, W. E. 1998. Biological Control of Aphids in Lettuce Using In-Field Insectaries., pp. 73-82. In C. H. Pickett and R. L. Bugg [eds.], Enhancing 
biological control: habitat management to promote natural enemies of agricultural pests. University of California Press, Berkeley.

Colley, M. R., and J. M. Luna. 2000. Relative attractiveness of potential beneficial insectary plants to aphidophagous hoverflies (Diptera: Syrphidae). 
Environ. Entomol. 29: 1054-1059.

Cowgill, S. E., S. D. Wratten, and N. W. Sotherton. 1993a. The selective use of floral resources by the hoverfly Episyrphus balteatus (Diptera: Syrphidae) 
on farmland. Ann Appl Biol. 122: 223-231.

Cowgill, S., S. D. Wratten, and N. Sotherton. 1993b. The effect of weeds on the numbers of hoverfly (Diptera:  Syrphidae) adults and the distribution and 
composition of their eggs in winter wheat. Annals of Applied Biology 123: 499-515.

Frank, T. 1999. Density of adult hoverflies (Dipt., Syrphidae) in sown weed strips and adjacent fields. Journal of Applied Entomology 123: 351-355.
Gurr, G. M., H. F. van Emden, and S. D. Wratten. 1998. Habitat manipulation and natural enemy efficiency: implications for the control of pests, pp. 155-

183. In P. Barbosa [ed.], Conservation Biological Control. Academic Press, San Diego, CA.
Harwood, R. W., S. D. Wratten, M. Nowakowski, and E. P. J. Marshall. 1994. Wild flower strips and winter/summer populations of beneficial invertebrates 

on farmland. Bulletin OILB SROP 17: 211-219.
Hausammann, A. 1996. The effects of weed strip-management on arthropods in winter wheat fields. J. Plant Diseases and Protection 103: 70-81.
Hickman, J. M., and S. D. Wratten. 1996. Use of Phacelia tanacetifolia strips to enhance biological control of aphids by hoverfly larvae in cereal fields. 

Journal of Economic Entomology 89: 832-840.
Holland, J. M., S. R. Thomas, and S. Courts. 1994. Phacelia tanacetifolia flower strips as a component of integrated farming, pp. 215-220. In N. Boatman 

[ed.], Field margins: integrating agriculture and conservation. 18-20 April 1994. BCPC, Coventry, UK.
Jervis, M. A., and N. A. C. Kidd. 1996. Phytophagy, pp. 375-394. In M. Jervis and N. Kidd [eds.], Insect natural enemies: practical approaches to their study 

and evaluation. Chapman & Hall, London.
Long, R. F., A. Corbett, C. Lamb, C. Reberg Horton, J. Chandler, and M. Stimmann. 1998. Beneficial insects move from flowering plants to nearby crops. 

California Agriculture 52: 23-26.
Lovei, G. L., J. M. Hickman, D. McDougall, and S. D. Wratten. 1993. Field penetration of beneficial insects from habitat islands: hoverfly dispersal from 

flowering crop strips, pp. 325-328, 46th New Zealand Plant Protection Conference. 10-12 August 1993, Christchurch, New Zealand.
Morris, M. C., T. Alfoldi, W. Lockeretz, and U. Niggli. 2000. Intercropping with coriander attracts hoverflies and reduces pest infestation in Japanese 

cabbage fields, pp. 118. In T. Alföldi, W. Lockeretz and U. Niggli [eds.], 2000. IFOAM 2000, the world grows organic : proceedings, 13th International 
IFOAM Scientific Conference, Basel, Switzerland. 28 to 31 August 2000.

Nentwig, W. 1998. Weedy Plant Species and Their Beneficial Arthropods: Potential for Manipulation in Field Crops., pp. 49-72. In C. H. Pickett and R. L. 
Bugg [eds.], Enhancing biological control: habitat management to promote natural enemies of agricultural pests. UC Press, Berkeley.

Nicholls, C. I., M. P. Parrella, and M. A. Altieri. 2000. Reducing the abundance of leafhoppers and thrips in a northern California organic vineyard through 
maintenance of full season floral diversity with summer cover crops. Agricultural and Forest Entomology 2: 107-113.

Norris, R. F., and M. Kogan. 2000. Interactions between weeds, arthropod pests, and their natural enemies in managed ecosystems. Weed Science 48: 94-158.
Patt, J. M., G. C. Hamilton, and J. H. Lashomb. 1996. Impact of strip-insectary intercropping with flowers on conservation biological control of the Colorado 

potato beetle. Advances in Horticultural Science 11: 175-181.
Pfiffner, L., L. Merkelbach, H. Luka, W. A. H. Rossing, H. M. Poehling, and G. Burgio. 2003. Do sown wildflower strips enhance the parasitism of 

lepidopteran pests in cabbage crops? Proceedings of the 1st meeting of the IOBC WPRS study group 'Landscape management for functional 
biodiversity', Bologna, Italy, 11 14 May, 2003 26: 111-116.

Pfiffner, L., and E. Wyss. 2004. Use of sown wildflower strips to enhance natural enemies of agricultural pests, pp. 165-186. In G. M. Gurr, S. D. Wratten
and M. A. Altieri [eds.], Ecological Engineering for Pest Management: Advances in Habitat Manipulation for Arthropods. CSIRO, Melbourne.

Quarles, W., and J. Grossman. 2002. Insectary plants, intercropping and biological control. IPM Practitioner 24: 1-11.
Stephens, M. J., C. M. France, S. D. Wratten, and C. Frampton. 1998. Enhancing biological control of leafrollers (Lepidoptera: Tortricidae) by sowing 

buckwheat (Fagopyrum esculentum) in an orchard. Biocontrol Science and Technology 8: 547-558.
Sutherland, J. P., M. S. Sullivan, and G. M. Poppy. 2001. Distribution and abundance of aphidophagous hoverflies (Diptera: Syrphidae) in wildflower 

patches and field margin habitats. Agricultural and Forest Entomology 3: 57-64.
Tylianakis, J., R. Didham, and S. Wratten. 2004. Improved fitness of aphid parasitoids receiving resource subsidies. Ecology 85: 658-666.
Vogt, H., A. Weigel, and F. Polesny. 1999. Is it possible to enhance the biological control of aphids in an apple orchard with flowering strips?, pp. 39-46, 

IOBC WPRS Working Group "Integrated Plant Protection in Orchards".

Insectary Plantings & Floral Resources for Natural Enemies

References Cited 9



General Pest and Beneficial Arthropod Biology, Sampling & ID

Beers, E. H., J. F. Brunner, M. J. Willett, and G. M. Warner. 1993. Orchard Pest Management: A Resource Book for 
the Pacific Northwest. Good Fruit Grower, Yakima, WA.

Berry, R. E. 1998. Insects and Mites of Economic Importance in the Northwest. Kinko's, Corvallis, OR. Accessible 
online through the website for the Pacific Northwest Insect Management Handbook: 
http://pnwpest.org/pnw/insects

Capinera, J. L. 2001. Handbook of Vegetable Pests. Academic Press, San Diego.
Dufour, R. 2000. Farmscaping to enhance biological control. ATTRA, Fayetteville, AK  Online:

http://attra.ncat.org/attra-pub/PDF/farmscaping.pdf.
Flint, M. L., and S. H. Dreistadt. 1998. Natural Enemies Handbook.  The illustrated guide to biological pest control. 

University of California Press, Berkeley, CA.
Hoffman, M. P., and A. C. Frodsham. 1993. Natural enemies of vegetable insect pests. Cornell Cooperative Extension, 

Ithaca, NY.
Schauff, M. E. 2004. Collecting and preserving insects and mites: techniques and tools. USDA  Online:  

http://www.sel.barc.usda.gov/selhome/collpres/collpres.pdf.
Stoltz, R. L., H. W. Homan, C. R. Baird, and J. M. Alvarez. 1993. Beneficial Organisms Associated with Pacific 

Northwest Crops. Joint publication of the Cooperative Extension services of the University of Idaho, Oregon 
State and Washington State Universities, Corvallis, OR.

Weeden, C. R., A. M. Sheldon, Y. Li, and M. P. Hoffman [Eds.]. 2004. Biological Control:  A Guide to Natural 
Enemies in North America Cornell University, Ithaca, NY. website:  
http://www.nysaes.cornell.edu/ent/biocontrol/.

Wrysinski, J. 2002. Monitoring on your farm. A guide to tracking and understanding the resources and wildlife on your 
land, utililizing low-cost, low-tech equipment and easy methods with minimal time input. Yolo Co. RCD, 
Woodland, CA.

Bowman, G., C. Shirley, and C. Cramer. 1994. Managing Cover Crops Profitably. USDA Sustainable Agriculture 
Research & Education program , Sustainable Agriculture Network Handbook Series #3.  Online: 
http://www.sare.org/publications/covercrops/covercrops.pdf.

Earnshaw, S. 2004. Hedgerows for California Agriculture. A resource guide. Community Alliance with Family Farmers, 
Davis, CA.

Hobbs, J., and D. McGrath. 1998. A Guide to Multifunctional Hedgerows in Western Oregon. Oregon State University 
Extension Service, Corvallis, OR.

Kimball, M., and C. Lamb. 2001. Establishing hedgerows for pest control and wildlife, pp. 11-15. In P. Robbins, R. et 
al.  [eds.], Bring farm edges back to life! How to enhance your agriculture and farm landscape with proven 
conservation practices for increasing the wildlife cover on your farm. Yolo Co. Resource Conservation District, 
Woodland, CA.

Sattell, R., and R. Dick. 1998. Using cover crops in Oregon. Oregon State University, Extension Service, Corvallis, OR.

Establishing and Maintaining Hedgerows & Cover Crops

References (con’t)

Comments or questions on the content of this 
manual are welcomed, and can be directed to 
the author: 

Mario Ambrosino
Integrated Plant Plant Protection Center (IPPC)
2040 Cordley Hall
Corvallis, OR 9733
(541) 737-2638
ambrosim@science.oregonstate.edu

Support for this project provided by:

10



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


