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Loss of Landscape Structures Pesticide Use

Intensive Agriculture as a driver of Biodiversity decline
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Land Sparing vs Land Sharing?





By pitting nature against farming
environment and yield are presented as conflicting objectives 

Nature              Farming

...thus ignoring that nature and farming benefit each other 

Ecosystem Services



http://dingo.care2.com/pictures/petition_images/petition/567/401373-1414547343-wide.jpg

Pesticides and insect decline also threaten crop production 
http://lewiscountybeekeepers.org/yahoo_site_admin/assets/images/TIME_Cover_A_World_Without_Bees_Aug_2013.248102719_std.jpg

Pollinated crops

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwisitWoypfKAhXFRQ8KHQK5AswQjRwIBw&url=http://www.thepetitionsite.com/takeaction/401/373/567/&psig=AFQjCNFAOG6RbHSUlKg1vmTqU94RbUdPZQ&ust=1452251942088475
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjEnbnbvJfKAhVEKA8KHeq_DWgQjRwIBw&url=http://lewiscountybeekeepers.org/bees_in_the_news/neonicotinoids&bvm=bv.110151844,d.bGQ&psig=AFQjCNGFe8x6luVzKtmsf2UTgSOjxNCipA&ust=1452248270374536


ZiescheTM et al, 2023, J. Pest Science

Reduction in natural predators ->
Increase in pest pressure?



Key Bottleneck: Lack of floral resources

Flowers are vital for
Pollinators Insects providing natural pest control
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The impact of flowers on biocontrol efficacy



Flower feeding by different groups of biocontrol organisms

Type Plant-feeding 

stage

Arthropod examples can be found within: Type of plant food 

utilised

Reference

Life-history 

omnivory

adult Neuroptera:

Diptera: 

Hymenoptera:

Coleoptera:

Chrysopidae (green lacewings)

Syrphidae (hoverflies)

Cecidomyiidae (gall midges)

Tachinidea (parasitoid flies)

Ichneumonidae, Braconidae,

a.o.  (parasitoid wasps)

Vespidae (social wasps)

Formicidae (ants) 

Meloidae (blister beetles)

nectar, pollen

nectar, pollen

nectar

nectar

nectar

nectar

nectar, fruit

nectar

nectar, pollen

(Stelzl 1991)

(Hickman et al. 1995)

(Opit 1997)

(Gilbert and Jervis 1998)

(Jervis 1998)

(Lewis 1998)

(Cuautle and Rico-Gray 2003) 

(Beattie 1985)

juvenile Heteroptera: Pentatomidae (stink bugs) plant-juice

Temporal 

omnivory

adult Hymenoptera: 

Coleoptera: 

Ichneumonidae, Braconidae, 

 a.o. (host feeding parasitoids)

Cicindelidae (tiger beetles)

nectar

seeds

(Jervis 1998)

(Wackers 2003)

(Zerm and Adis 2001) 

juvenile Araneae: Araneidae (orb web spiders) pollen (Smith and Mommsen 1984)

Permanent 

omnivory

adult & 

juvenile 

Acari:Mesostigmat

Heteroptera: 

Neuroptera:

Thysanoptera:

Coleoptera: 

Phytoseiidae

     (predatory mites)

Pentatomidae (stink bugs)

Miridae (mirid bugs)

Geocorinae (big-eyed bugs)

Anthocoridae (flower bugs)

Chrysopa, Hemerobiidae 

      (brown lacewings)

Aeolothripidae, Phlaeothripidae

Coccinellidae (ladybirds)

Carabidae (ground beetles)

nectar

pollen

plant juice

plant juice

plant juice

pollen

nectar, pollen

leaves, pollen

nectar

pollen

seeds

(van Rijn and Tanigoshi 1999a)

(van Rijn and Tanigoshi 1999b)

(Ruberson et al. 1986)

(Gillespie and McGregor 2000)

Eubanks & Styrsky, this vol.

Eubanks & Styrsky, this vol.

(Stelzl 1991)

(McEwen et al. 1993)

(Kirk 1997)
(Pemberton and Vandenberg 1993) 

(Cottrell and Yeargan 1998)

(Goldschmidt and Toft 1997)



How to support natural pest control?
Traditional paradigm: Enhance diversity (diversity = stability = services)

Pimentel, D. (1961) Diversity-Stability hypothesis: 

The stability of a community increases with increasing biological diversity



Andow D.A. (Ann. Rev. Entomol. 36: 561-586)
Vegetational diversity and pest control

 

• 52% of published studies on agroecosystem diversification report 
reduced pest populations

• 33% had no effect or variable effects

• 15% resulted in increased pest populations.

Effects variable

Does it work?
Example biological pest control



How to support natural pest control?
Traditional paradigm: Enhance diversity (diversity = stability = services)

Biodiversity is more than just a number !



One size fits all? Tailor made !

Different organisms                  Different requirements

How to optimize Ecosystem Services?
Focus on groups providing biocontrol / pollination



Flower Selection Criteria   (Wäckers, 2005)

▪ Attractivity (Color, odor profile)
▪ Accessibility of nectar/pollen
▪ Nutritional composition of nectar/pollen
▪ Foraging risk

Select plants that optimize biocontrol



Aegopodium podagraria

Daucus carota

Origanum vulgare

Galium mollugoLeucanthemum vulgare

Erigeron annuus

Trifolium repensMedicago lupulinaTrifolium pratense

Achillea millefolium

Vicia sativa

Accessible 

nectar

Inaccessible 

nectar

A
tt

ra
ct

iv
e

N
o
n
-a

tt
ra

ct
iv

e

Select to optimize BC benefits

(Wäckers, 1996, 2004) 

Select plants that are attractive and accessible
...not all flowers feed natural enemies



Select plants that optimize biological pest control 
Choice Longevity (AFLI)

family species

Floral 

Nectar

depth

Hoverfly

E. balteatus

Hoverfly

E. balteatus

Lacewing

C. carnea
Parasitoids

References parasitoids

(species)

Apiaceae Ammi majus 0 + + + - Geneau et al., unpubl. (Microplitis mediator)

Apiaceae Coriandrum sativum 0 + + +/- Vattala et al., 2006 (Microtonus hyperodae)

Apiaceae Daucus carota 0 +/- + ++ + Winkler et al., 2009 (Cotesia glomerata)

Apiaceae Foeniculum vulgare 0 + + + Winkler et al., 2009 (Cotesia glomerata)

Apiaceae Heracleum spondylium 0 +/- + +/- Winkler et al., 2009 (Cotesia glomerata)

Apiaceae Pastinaca sativa 0 + + ++ +/- Foster & Ruessink, 1984 (Meteorus rubens)

Polygonaceae Fagopyrum esculentum 0 + + + + Winkler et al., 2009 (Cotesia glomerata)

Boraginaceae Borago officinalis 0 - + ++ - Nilsson et al., unpubl. (Trybliographa rapae) 

Ranunculaceae Ranunculus acris 0 + + - Kehrli & Bacher, 2008 (Minotetrastichus frontalis)

Caryophyllaceae Gypsophila elegans 1 +/- + ++

Asteraceae Matricaria chamomilla 1 +/- + + - Nilsson et al., unpubl. (Trybliographa rapae)

Asteraceae Achillea millefolium 1 +/- + +/- - Wäckers 2004 (Cotesia glomerata)

Asteraceae L Cichorium intybus 1 - - +

Asteraceae Chrysanthemum segetum 2 +/- + +

Asteraceae Anthemis tinctoria 2 - +/- +/-

Asteraceae Leucanthemum vulgare 2 +/- + - Wäckers 2004 (Cotesia glomerata)

Asteraceae Tanacetum vulgare 2 - - +/-

Asteraceae Calendula officinalis 3 - - Rahat et al., 2005 (Trissolcus basalis)

Asteraceae Centaurea cyanus (+EFN) 3 +/- + ++ +/- Winkler et al., 2009 (Cotesia glomerata)

Asteraceae Helianthus annuus (+EFN) 3 + +

Asteraceae Cosmos bipinnatus 4 - - +/- + Rahat et al., 2005 (Trissolcus basalis)

Malvaceae Malva sylvestris 4 - - -

Boraginaceae Phacelia tanacetifolia 4 +/- +/- +/- - Irvin et al., 2007 (Gonatocerus spp.)

Fabaceae Medicago sativa 4 - - - Kehrli & Bacher, 2008 (Minotetrastichus frontalis)

Fabaceae Vicia sativa  (+EFN) 4 - + ++ Geneau et al., unpubl. (Microplitis mediator)

Fabaceae Lotus corniculatus 4 - -

(Wäckers and van Rijn, 2012)

...not all flowers feed natural enemies



Pollinators Predators and parasitoids

ammi_majus_small

Flower visitation by groups of Service Providers 

http://www.alansflowerfarm.com/ammi_majus_large.gif
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(Campbell, Biesmeijer Varma & Wäckers, 2012)

Flower visitation by groups of Service Providers 



Can we select flowers that are not suitable for pests?
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Pieris rapae

Cotesia glomerata

Pest

Parasitoid

(Winkler et al., 2009)



http://bugguide.net/images/cache/HQA/RYK/HQARYK1RKQYQ20K0U0S020R0P0JRXQJRSQJR7QBR701RHQ1RYKURYKARHQTQ803Q3K3QM0YQG0BRM01RLQ9RM0JQRQ.jpg
https://c1.staticflickr.com/9/8333/8110493948_e5f7ee5456_b.jpg https://upload.wikimedia.org/wikipedia/commons/0/08/2010-04-28_(35)_Erdhummel,_Buff-tailed_bumblebee,_Bombus_terrestris.jpg

Hedgerows

Nectar
Extrafloral nectar
Pollen
Prey
Shelter
Nesting sites

http://www.google.be/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAkQjRwwAGoVChMIyPLNnaajyAIVgocaCh2SegLX&url=http%3A%2F%2Fbugguide.net%2Fnode%2Fview%2F304037%2Fbgimage&psig=AFQjCNE0aOS-_QeoEH6M5EKgmgEPmh1-YQ&ust=1443858509231273
https://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLn1p8imo8gCFYm6GgodFtYMbg&url=https%3A%2F%2Fwww.flickr.com%2Fphotos%2F78339404%40N07%2F8110493948&psig=AFQjCNG5YNv6TXmTRGFQ0Bu2LwBtnQsx3g&ust=1443858553150909
https://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCL6Qk5Cno8gCFUQuGgodREMJoQ&url=https%3A%2F%2Fet.wikipedia.org%2Fwiki%2FKarukimalane&psig=AFQjCNHMGKDy03VdvLyik0mbWFdgMn9FIw&ust=1443858684677693


Bevordering van nuttige organismen voor plaagbestrijding en bestuiving in open teelten (2022) 
Z.A. van Rossum, F.L. Wäckers, A. Janssen & P.C.J. van Rijn. Rapport in opdracht van LNV & Artemis
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Hazelaar Corylus avellana 6 - - +++ 1-3 +++ 5-7 ++

Zwarte els Alnus glutinosa 24 - - ++ 1-3 ++ 6 +

Gele kornoelje Cornus mas 6 - ++ +++ 3 -

Grauwe wilg Salix cinerae 10 +++ ++ 3-4 ++ 4-6 +

Sleedoorn Prunus spinosa 3 + ++ ++ 3-4 +++ 5-6 ++

Veldesdoorn Acer campestre 18 +++ + 4 ++ 4-5 ++

Vogelkers Prunus padus 15 + + + 4 +++ 4-5 ++ Perzikbladluis1, 
vogelkersluis2

Schietwilg Salix alba 20 + +++ +++ 4 + 6 + zevenbladluis3

Gewone Esdoorn Acer pseudoplatanus 30 - +++ ++ 4-5 ++ +

Eenstijlige 
meidoorn

Crataegus 
monogyna

4.5 - + + 4-5 +++ 5-6 ++ bacterievuur4

Kardinaals-muts Euonymus 
europaeus

6 - + + 4-5 ++ 4-6 ++ zwarte bonenluis5

Gelderse roos Viburnum opulus 4 + + + 5 ++ 5-6 ++ zwarte bonenluis5

Rode kornoelje Cornus sanguinea 3 - + + 5 ++ 5,    9-
10

+

Lijsterbes Sorbus aucuparia 9 + + 5 ++ ++

Vuilboom Frangula alnus 3 - ++ ++ 5 - vuilboomluis6

Wilde liguster Ligustrum vulgare 3 - + + 5-6 -

Hondsroos Rosa canina 3 + - +++ 5-6 ++ 5-6 + roos-grasluis2, 
aardappeltopluis6

Gewone vlier Sambucus nigra 7 + + + 5-6 ++ 6 +

Linde Tilia sp. 35 +++ +++ 6-7 +++ 5-6 ++

Hedgerow species



Taking it to the Farmer



FAB (Functional Agrobiodiversity)
Home

naar homepage van LNV

PPO_logo

- > 20 years running

- Organized by Farmers (cooperative)

- 50% of farmers participate

- > 800 km of targeted flower margins

- 90% reduction in insecticide use

http://www.vrom.nl/
http://www9.minlnv.nl/pls/portal30/url/page/mlv_home
http://www.ppo.wur.nl/NL/


European large scale functional agrobiodiversity projects (Since 2004)



Where’s the evidence?



Beneficial insects in field margins

June - Sept 2010
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June-Sept 2011
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(Steppuhn and Wackers, 2004)Evidence for feeding?



Do diverse bird conservation margins

benefit biological pest control?

Meteorus autographae 

Parasitoid feeding at a 

vetch nectary



overall sugar levels in Meteorus autographae 
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control bobwhite cahaba vetch

Parasitoid feeding at a 

vetch nectary

Conclusions
High diversity field margins for 
bobwhite quail conservation failed 
to provide food to a biological 
control agent and did not enhance 
biological pest control in the 
adjacent crop. 

Parasitoids did clearly benefit from 
pure stands of cahaba white vetch. 

Impact on Biocontrol is a function 
of  resource availability (flower 
suitability), rather than diversity.  

ug/wesp

(Olson and Wackers, 2006)



CF1

10m flower
CF2

50 m

Evidence for spillover into the crop / pest control ?

Crop sampling

CF3

10m grass
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Impact on yield?
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Conclusions Evidence

Targeted biocontrol flower margins

- Increase number of beneficials in the margin
- Increase energy reserves (proof of feeding)
- Beneficials move over into the crop
- Crop pests are effectively controlled 
- Crop yield can be improved



More beneficials Fewer pests

The positive spiral

More biodiversity

Fewer pesticides



Environment and productive Farming
are NOT conflicting objectives 

They go hand in hand



Annual vs Perennial ?



12/12/2025

Advantages:

- Flexibility

- Can be adjusted to particular crop

Disadvantages:

- No overwintering resources for beneficials

- Annual cost of seeds

- More labour (planting)
- More problems with annual weeds

Annual flower strips



Nadelen:
- Minder flexibel
- potentieel probleem met vergrassing

12/12/2025

Advantages:
- Provides food + overwintering sites 

- Earlier flowering
- Sowing only once in five years

- Better suppression of annual weeds

Disadvantages:
- Less flexible

- Potential problems with grasses
- Potential problems with perennial weeds

Perennial flower strips



Food supplementation
• Pollen

• Sugars

• Factitious Prey

 - Ephestia kuehniella

 - Artemia spp

 - Prey mites

• Artificial diets

Paradigm shift:
Allows establishment of biocontrol
before the pest arrives!



Afbeeldingsresultaat voor typha angustifolia

12/12/2025

Typha pollen as food supplement

https://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi26KH2lbrdAhVJJVAKHRZtAI4QjRx6BAgBEAU&url=https://kwekerijzwartjes.nl/product/typha-angustifolia/&psig=AOvVaw2gjiA7hRI1M933lt0P3pp4&ust=1537003353145140


Pollen as food supplement in onion crops



Onion Thrips 
(Thrips tabaci)

Conventional
4 insecticide treatments 

No insecticides
2 pollen applications

Food supplements to support 
natural pest control?

Example Onions





Yield:
Diameter + 8%
Weight +15% 



Spraying Food Supplements:

Sugars?



Inspired by Nature:
Extrafloral nectaries



sugar sprays in citrus
to support Aphytis melinus?

• California red scale is most important pest in citrus

• Aphytis melinus is thought to be the key parasitoid

• Natural populations provide insufficient control

• Parasitoid releases? 

• Sugar supplements? 

Tena et al., 2015



Do releases increase parasitoid density?



Releases

parasitoid emergence

Do releases increase parasitoid density?



Releases + sugar provision

Releases - sugar

parasitoid emergence

Do releases + sugar increase parasitoid density?
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Thank You
felix.wackers@biobestgroup.com



Image result for double edged sword

Image result for weaver ant nest

Image result for wild cotton plant

http://www.pbase.com/antjes/image/112085472.jpg

Ants: A Double-Edged Sword  ANTS Honeydew: 

A problem food 

https://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=https%3A%2F%2Fwww.flickr.com%2Fphotos%2F97500360%40N04%2Ffavorites%2F&bvm=bv.136593572,d.bGs&psig=AFQjCNHqtsFzjr83JCWMy2qtwDRE5l5Z8w&ust=1477422321957183
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwii-62rjenOAhWJvxQKHWX1C8wQjRwIBw&url=http://antark.net/ant-life/ant-nests/attachment/weaver-ant-nest-leaves/&psig=AFQjCNH9zcD_3zhTUNhpXDTgTdYdVBwROg&ust=1472645246370650
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjYjP-jg_HPAhVDVxoKHYroALYQjRwIBw&url=http://sealitsoc.blogspot.com/2011/12/wild-cotton.html&psig=AFQjCNEdc2kTAEqYwj-FYANx9obX-ixxtQ&ust=1477315446081009
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMDF5Jm0ocgCFYHMGgodYD8K-g&url=http://fourfeetandmore.blogspot.com/2009/05/ant-milking-aphids.html&bvm=bv.104226188,d.d2s&psig=AFQjCNEONW8XsV9wkcrCDnAR7ZHocgyQQA&ust=1443793530099427


Alternative: Ant Distraction



Ant Distraction

Photo Dirk Sanders



Ant Distraction



Citrus Trials 2015



Enhanced natural parasitism by Anagyrus pseudococci



Ant distraction in vineyards (mealybugs)



Rosy Apple Aphid (since 2021, the Netherlands)
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