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In their life time, female moths will lay more than 150 eggs; they are pale yellow and 0.5 
mm long. Eggs are laid in small clusters on stems and both sides of the leaves.  
Caterpillars are grey-green with a dark head in the first three stages and green with a 
green-brown head in the last growth stage. Caterpillars grow to approximately 12 mm in 
length. Like most moths, the adults are nocturnal and are active at dusk and throughout 
the night. They are really only seen in the day time if they are disturbed from their resting 
places, under leaves.  
 
Damage to Brassica crops is caused by the feeding of young caterpillars which tunnel 
inside the leaf. Older caterpillars feed on the underside of leaves or tunnel into the plant.  
 

 
DBM damage makes hole or „windows‟ in leaves 
 
Caterpillars which are disturbed from feeding will wriggle backwards rapidly across the 
leaf surface and may drop to the ground on silken threads. Pupation occurs in an open-
mesh cocoon on the leaf surface.   
 

 
Diamondback moth pupa 
 
The whole life cycle takes from 3 to 8 weeks depending on the temperature. In one year, 
the moth will complete more than 10 life cycles, given the all year round growing 
conditions on the Equator. Overlapping generations make it difficult to time the 
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introduction of suitable sprays or biological controls – making it even more important to 
start any programme as soon as the first moths appear in the crop.  If the grower waits for 
the second generation to occur it may be difficult to keep up with the subsequent 
generations. Keen scouting is very important. 
 
 
3.4.3.  Integrated Pest Management 
 
Integrated Pest Management for caterpillar pests is the only solution to the caterpillar 
problem and other pest and disease programmes in today‟s crop protection scenario. 
Biological, cultural and physical controls need to be employed to help reduce pest levels 
and make it less necessary to spray pesticides every week of the season  Broad 
spectrum prophylactic chemical sprays alone are not a guarantee for caterpillar-free 
crops. Over-use of pyrethroids or organophosphates will lead to resistance and will 
definitely reduce the quality and yield of a crop, through their biochemical interference in 
the growth of plants.    
 
However, pests also reduce yield and quality and effective IPM programmes must 
replace prophylactic chemical programmes. IPM programmes need to be holistic in 
design, taking into account all the pest/disease issues, and to integrate the spray and bio-
control programmes to address these different problems.   
 
Spray programmes which do not take into account either the presence of natural enemies 
of crop pests or the weekly changes in total pest populations, could misinterpret risk and 
justify an additional spray application when: 
 the effect of the previous spray has not had time to take effect  
 pest populations are actually declining 
 the levels of beneficial insects or infection of the pest with natural microbial diseases 

is high enough to control the pest problem. 
 
IPM programmes are more demanding of management skills. Crop Protection 
Managers need to be able to assess risk, taking many factors into account at the same 
time, including the knock-on effect of a spray for one disease/pest on the effective bio-
control of another disease/pest. The first thing a farm may need to do is to build the 
capacity of the existing farm manager to undertake this role more effectively - by 
specialist training from an experienced trainer.  
 
Caterpillars tend to be a seasonal problem – requiring a seasonal plan, which includes 
preparation for the season, implementation during the season and clean up after the 
season (to reduce carryover to next season). 
 
 
3.4.4.  Risk Management - caterpillar control 
 
Integrated Pest Management uses several related methods and inputs to measure and 
regulate the build-up of pests and beneficial insects in the crop – in order to prevent 
damage to the crop. It requires a more detailed understanding of the life cycles of the 
pests and the factors which effect their distribution in order to make effective use of 
control methods which when used on their own can be less effective than chemicals. But 
when a number of control methods are effectively integrated – the resulting control can 
be as good as or even better than chemical controls. 
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 Information 
 
More information is needed to design a farm-specific IPM programme for 
caterpillars than is normally used to design a chemical programme: 
 
Which species of caterpillar are present on the farm as a whole:  

- where are they generally found? 
- how can their distribution and movement be controlled to prevent migration 

into the crop? 
- how many moths or caterpillars are there and is the population increasing or 

decreasing? 
 
Which pesticides: 

- still work effectively on the different caterpillar pests (no resistance)  
- will kill the pest but not their natural enemies and diseases (compatible 

pesticides) 
 
Which natural enemies: 

- are able to control the caterpillar pests 
- how many are needed to obtain control in relation to the pest levels  
- how can enough natural enemies be  „applied‟ or „encouraged to enter‟ the 

crop  
 
IPM farm programmes may require local research and development. Inputs will need to 
be sourced (baculoviruses and Trichogramma) and skills developed (quantitative 
scouting of the whole farm – not just individual crops). 
 
 Evaluate and manage risk of resistance to pesticides  
 
Examination of the actual pesticide programmes applied will reveal if: 
 there has been excessive use of the same active ingredient (even too many Bt 

sprays can lead to resistance) 
 an over-intensive spray programme, not related to scouting data, has been used 
 label rates for active ingredients per hectare have been exceeded. 
 applications have not been timed to coincide with susceptible stages (Bt – young 

caterpillars) 
 
Any of these failures will increase the risk of resistance to pesticides developing.   
 
 Quantitative scouting 
 
Conventional scouting often provides only limited information, suitable only for a modified 
preventative programme. Indices for pest incidence can be misinterpreted by scouts. It is 
not unusual for trained scouts using indices to allow the pest levels linked to these indices 
to „drift‟.  
 
Once this happens the data becomes meaningless.   
 The level of resistance can be measured by regular quantitative scouting before and 

after sprays.    
 Scouting can also indicate if sprays have not been effectively applied (poor cover of 

the crop) – or not applied to the crop at all (pesticide stolen before application!). 
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 Quantitative scouting will also provide information on the relative numbers of pests in 
the crop and determines the introduction rates for natural enemies 

 Scouting should take into account relevant life stages (adults, eggs, larvae and 
pupae).   

 
 
3.4.5.  Physical controls and traps 
 
  Physical controls 
 
Using overhead irrigation for a few minutes just before dusk has been shown to wash off 
young larvae which are active at this time as well as disturb the activity of adult moths 
which are likely to be on the upper surface of leaves at this time.  
 
 Improved use of pheromone traps 
 
Female moths naturally produce a biological scent (pheromone) which attracts males 
from kilometres away – to mate.  Artificial DBM pheromones attract male moths and are 
very specific to individual species. Other moths will require a specific pheromone to lure 
them to one place (for counting or killing). Correct identification of the caterpillars present 
in the crop will ensure the correct pheromone traps are deployed.   
 
If used correctly, pheromone traps will indicate trends in moth populations and enable 
crop protection agents to be applied when the most vulnerable pest life stages are 
present in the largest numbers. For example, parasitic wasps, such as Trichogramma can 
be released when the peak in moth egg laying has occurred and Bacillus thuringiensis is 
applied when young caterpillar larvae are present.   
 
 
 
 
 
 
 
Pheromone trap counts can be influenced by the: 
 position of the trap in relation to the crop and wind direction 
 age of the pheromone lure (new lures release larger pheromone peaks) 
 contamination of the trap with other scents 
 incorrect pheromone used due to misidentification of pest  
 
Scouts must wear gloves to prevent cross contamination of the traps. Think more than 
twice before putting a pheromone trap inside a cropping field – it could attract moths into 
the crop ! The grower needs to know when the moths are arriving on the farm – so best to 
put the traps outside in well thought out strategic positions.  Good scouting of crops will 
confirm if the pest is actually in a particular field and if the numbers have started to rise.   
Moths come from the prevailing wind side of the farm – so put the traps in between the 
source and the crops you wish to protect. Perhaps place a barrier (with glue on it) on the 
leeward side of the trap – to prevent the moths from continuing their flight into the field 
crop. Common sense – but not many growers do this. Now is the time for common sense. 
 

Pheromone trap data should be correlated to physical observations in the crop 
and crop damage data from pack-house rejects to develop local economic thresholds to 
trigger pesticide applications. 
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 Mass trapping of adult moths (away from crops) 
 
Only mated females lay eggs, therefore a reduction in the number of fecund females 
should correlate to reduced caterpillar numbers on the crop. Pheromone traps only attract 
males, but if male moths can be pulled away from the females in commercial fields, there 
will be fewer mated females in the commercial crops. However, for this to be an effective 
tool – most of the male moths need to be lured away.  
 
To increase the effectiveness of pheromones as a mass trapping tool – they will need to 
be combined with lights and trap crops to combine the cues being sent to both female 
and male moths. The pheromone trap can either have glue inside it, or a water bath (see 
below).  It is best to purchase specifically designed traps for each type of moth lure, if 
they are available locally and affordable.  
 

 
Farm made Pheromone trap (NRI/IITA design) 
 
Sometimes pheromones are not available commercially locally. They should be 
registered as crop protection agents – which may slow down access to this tool in some 
countries – particularly if mass trapping is the objective (since it may catch non-target 
species too). 
 
If necessary, it may be possible to devise a method for making farm-produced „natural‟ 
pheromone traps with unmated virgin females, collected from caterpillars allowed to 
pupate and turn into adults in a container. One virgin can attract males from many 
kilometres away. Up to 50 virgin female moths in a container placed far away from the 
commercial crops (NOT inside the commercial field in case it attracts adult males into the 
crop)  - may act as a potential mass trapping devise, if combined with sticky boards or 
water traps, placed near the pheromone trap. 
 
Female moths are smaller in size than the males. Organise a good training course on the 
farm so that scouts can identify different species of moths and also distinguish between 
males and females.   
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Pheromone traps can be purchased from a number of suppliers2. The type of trap needed 
will differ for each caterpillar species and the grower should consult the pheromone 
supplier for recommendations as to the type of trap required.  
 
Traps should be placed in position a few weeks earlier than the expected seasonal moth 
appearance – and the counts of adult moths recorded twice a week on a graph, to 
pinpoint the arrival of the first wave of moths. Remove dead moths from the traps. The 
rubber pheromone septa will only last about five weeks before the pheromone declines. 
Fresh septa release more pheromone scent and will attract more males than older septa, 
so ensure that the pheromone septa on the farm are replaced in a rotation -  not all at the 
same time.  
 
Moth flights are usually followed by a peak in an egg laying about one to two weeks later 
and then a peak in larvae hatch another 1 to 2 weeks later – depending on temperatures. 
Trap catches may range from zero to 80+ moths per week. Trap catches over 10 per 
week are likely to result in an egg lay that will require action such as introduction of egg 
parasitoids, or sprays targeting young caterpillars. 
 
 Light traps 
 
Light traps at night attract both male and female moths of all species. If combined with 
sticky traps or water traps they can lure and kill. They need to be tended by night security 
staff for safety reasons.   
  
 

 
Light traps 

                                                 
2  Including Syngenta Bioline (www.syngenta-bioline.co.uk) operating in the EU, the US, and South 

America. 
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Light traps may need to be combined with pheromones and trap plants so that moths 
once attracted, remain in the vicinity of the light and lay eggs there, rather than in crops 
nearby.   
 
 Trap Crops and Field Insectaries for beneficial insects 
 
The objective of the trap crop is to encourage DBM moths to land there and begin laying 
eggs. Good host plants for cabbage caterpillar pests are susceptible cabbage varieties. A 
fast growing pakchoi cabbage for example is very useful to attract DBM moths and 
encourage egg laying in the trap crop rather than the cabbage crop.  
 
If the trap crop is not sprayed with non-compatible pesticides, it will also allow natural 
enemies such as Trichogramma, to build up there, by feeding or parasitizing the various 
caterpillar life stages from egg through to adult.  
 
The trap crops can be made even more effective if a black light trap is placed within the 
trap area. Female moths would then lay eggs in the trap crops rather than moving to the 
commercial crops. Adult moths like to take nectar and plants which produce a lot of 
nectar should be provided in the same place (like marigold). A perimeter fence made of 
netting may assist in preventing the migration of adult moths from this site back to the 
commercial crops.   
 
The trap crop area would then become an in-field nursery for beneficial insects and even 
insect diseases. For example, when caterpillar eggs are present, the grower can 
purchase and apply insects which parasitize caterpillar eggs, such as the parasitic wasp 
called Trichogramma.    
 

 
Trichogramma wasps laying eggs in Heliothis egg 
 
Additionally, when caterpillars are present, the grower could purchase a baculovirus 
product and spray it onto caterpillars. The virus is very specific and only kills one type of 
caterpillar; there are baculovirus products available for diamondback moth.  
 
The trap crops could also be a source of mature caterpillars which could easily be 
collected and used to make the locally produced pheromone traps described above. 
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An alternative to spraying the trap plants with pesticides is to actively build up biological 
control agents. Scouting and management systems should be devised to ensure this 
does not become a source of infection. If there are too many pests and not enough 
beneficial insects spray the trap plant area immediately to stop migration from there into 
the crop.  
 
A single female moth can lay up to 150 eggs, so it is important to take the push pull 
strategy seriously as this pest has become resistant to pesticides in many areas of the 
world.  It is not longer sensible to dismiss this part of an IPM programme as insignificant 
or not effective – pesticides are not effective on their own. If a purely pesticide 
programme is used – resistance will eventually happen – it‟s a fact of life which should no 
longer be ignored.   
 
Don‟t plant trap crops and then fail to manage them. They will be a source of pest build-
up on the farm. Check them daily and take action daily as required (apply beneficial 
insects or spray the trap plants or physically kill by hand the eggs and caterpillars on the 
crop). Based on the fact that on adult female moth lays 150 eggs – one caterpillar 
destroyed could „save‟ another 100 or more adult moths or more in the field in the next 
generation!   
 
Plough in trap crops as soon as the caterpillar season is over otherwise those caterpillar 
species which pupate in the soil beneath trap plants or on crop debris (older cabbage 
leaves) could emerge later in the year as another generation of pest moths. 
 
 
3.4.6.  Non chemical products 
 
 Push – pull  
 
A push-pull strategy will enhance the effect of this approach – by making the crop „less 
attractive‟ – using unpleasant scents. The botanical insecticide made from the neem tree 
has been used effectively to repel diamondback moth caterpillars in Brassica crops and 
may be useful to repel other caterpillar pests. However, neem on its own will not protect 
the crop from a massive invasion of moths.  
 
 Biological controls for caterpillars 
 
There are many naturally occurring and common parasitoids and predators of caterpillars, 
pupae and their eggs. Some of the species that are known to parasitise diamond-back 
moth larva are of the genera Diadegma sp. Apanteles sp., Cotesia sp. and Tetrastichus 
sp.  Providing there are enough of them and they build up in advance of the build-up of 
DBM in the crop – then they can help prevent economic damage. This is where a Field 
Insectary becomes useful, as it is a safe haven for DBM and as it is not sprayed, it allows 
natural enemies to build up.   
 
In addition to predators and parasitoids which are mass produced such as Trichogramma 
and Orius, there are a number of microbial insect-specific pathogens which kill caterpillars 
but do not affect non-target species (baculoviruses and Bacillus thuringiensis). Other 
entomopathogenic fungi such as Beauveria bassiana have a wider host range and some 
strains kill thrips, whitefly and aphids. Entomopathogenic nematodes (nematodes which 
kill insects) can be effective at killing most caterpillars when sprayed onto caterpillars. 
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 Bacillus thuringiensis (Btk and Bta) 
 
Bt sprays are frequently used in IPM programmes for caterpillar control because they are 
less harmful to other beneficial insects than most sprays. However, Bta is toxic to aquatic 
invertebrates, green lacewing and Metaseiulus occidentalis. Bt spores do not usually 
spread to other insects or cause disease outbreaks on their own as occurs with many 
other insect pathogens. 
 
Bacillus thuringiensis (Bt) is a naturally occurring soil bacterium and one of the most 
widely mass produced biopesticides, used for more than fifty years for the control of 
certain caterpillars.   There are several types of Bt, two of which (kurstaki and aizawai) 
are effective specifically against caterpillars (other types control certain beetles and 
mosquitoes or sciarids). The Bt toxins in the Btk and Bta are different and care should be 
taken not to over-use either of them, as it is possible to develop resistance to these 
toxins.  In order to manage resistance, the grower should rotate the Btk with the Bta if the 
pest is susceptible to both types of Bt.  
 
Not all caterpillars are equally susceptible to both Btk and Bta, so the grower needs to 
identify caterpillars in the crop before spraying an ineffective biopesticide. If the 
information about susceptibility of different caterpillars to the Bt type, is not available on 
the Label, or the grower is unsure of the target range of the Bt available – a simple spray 
test onto leaves, fed to the caterpillar, will determine susceptibility (caterpillar will turn 
black and die within 2 days).  In general, Bt aizawai products are more effective against 
small larvae of the leafworm (Spodoptera litura) than Bt kurstaki products 
 
Formulations of Bt kurstaki such as Dipel are available for the control of many caterpillar 
pests including imported cabbageworm, cabbage looper, hornworms, European corn 
borer, cutworms, some armyworms, diamondback moth, spruce budworm, bagworms, 
tent caterpillars, gypsy moth caterpillars and other forest caterpillars. Btk is less effective 
against beet armyworm and diamondback moth has exhibited resistance to the Btk 
toxins. It is important therefore to use it wisely in an integrated programme with other 
pesticides and even to rotate Bt kustaki with Bt aizawai (e.g. Xentari) to manage 
resistance to Bt toxins.   
 
The Bt spray is composed of crystal-shaped proteins and living spores from Bt bacteria. If 
enough Bt is consumed by the caterpillar, the toxins in the crystal proteins paralyze the 
caterpillar‟s mouth and gut. Caterpillars will stop feeding within minutes to one hour after 
feeding, depending on the dose ingested. The insects‟ gut wall is broken down within 
hours by the toxin, allowing Bt spores and the insects‟ normal gut contents to invade the 
body cavity. Death occurs within 1 – 2 days and the larvae may become discoloured or 
turn black and shriveled. They may fall, unnoticed by scouts, onto the ground. 
 
Bt will only kill young caterpillars and is not effective on older, larger caterpillars. 
Therefore close scouting for caterpillar eggs in crops will forewarn the grower when to 
start spraying Bt for young caterpillars emerging from the first generation of eggs in the 
crop, after the invasion of adult moths. Consult the label – if a range of application rates is 
advised, then use the higher rates only if there are larger caterpillars present or the 
volume of leaves to be covered warrants a high volume spray. 
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Looper caterpillar (right) infected with Bt – healthy caterpillar (left) 
 
One or two tablespoons of skimmed milk powder can be added to Bt sprays used by 
organic growers, when caterpillars are not feeding voraciously enough to obtain a lethal 
dose of Bt (e.g. when the temperatures are low).  However, this is not normally done in 
flower crops. Bt can be tank mixed with many pesticides, as long as the pH remains 
about 7. It is not advisable to tank mix with alkaline fungicides such as chlorothalonil.  
 
Sunlight will deactivate Bt formulations which are anyway only effective for only one to 
three days. Since many caterpillars emerge to feed in the night, it is best applied late in 
the afternoon and not early in the morning – to minimize the exposure to UV light. Rain or 
overhead irrigation can also reduce effectiveness by washing Bt from crop foliage. 
 
Successful use of Bt depends on correctly identifying the caterpillar as a susceptible 
species, application to young caterpillars and in the right concentration, at the correct 
temperature (warm enough for the insects to be actively feeding), and before the 
caterpillar bores into the flower, where Bt sprays will not penetrate.  
 
 Baculoviruses 
 
Caterpillars are killed by very species-specific virus diseases, called baculoviruses. A 
specific baculovirus exists, and has to be produced, for each different type of caterpillar. 
There are commercial baculoviruses for DBM available.  
 
Baculoviruses are therefore very environmentally friendly as they do not affect non-
target species at all. It is therefore even more important that the grower properly 
identifies the caterpillar species present in the crop in order to purchase the correct type 
of baculovirus. Baculoviruses are not known to replicate in mammals or vertebrates. 
 
Like Bt, the baculoviruses must be ingested by a feeding caterpillar larvae in sufficient 
quantities to deliver a lethal dose. Unlike Bt – there is no recorded resistance to 
baculoviruses in target pests. Once inside the host the baculovirus will multiply and kill 
the host. Application should also be delayed until late afternoon as the product is broken 
down by UV light. Commercial baculovirus products are produced by several companies3. 

                                                 
3  Including Kenya Biologics www.kenyabiologics.co.ke in Kenya and Andermatt BioControl in 

Switzerland www.biocontrol.ch    
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 Beauveria bassiana 
 
Several strains of another naturally occurring soil microbe, Beauveria bassiana, have 
been developed as commercial bio-insecticides for a range of pests such as whitefly, 
aphids, mealybug, thrip and caterpillars. Botanigard and Mycotrol are two well known 
commercial products. This bio-insecticide is broader spectrum than the Bt and 
baculoviruses and more care is needed in its integration into an IPM programme relying 
on other beneficial insects.    
 

 
Caterpillars on left infected with Beauveria 
 
Beauveria is a white fungus, occurring naturally in the soil, so again it should be applied 
late afternoon to optimize effect.  Spore suspensions are sprayed onto the plant, targeting 
the bodies of the caterpillars. Spores on the caterpillar‟s body germinate and penetrate 
the host body, where its mycelium grows and produces more spores.  It is possible for 
this entomopathogenic fungus to spread to other pests within the crop, from a sporulating 
dead body of a caterpillar. Combined applications of Beauveria and EPNs 
(entomopathogenic nematodes) have been shown to be effective means of control for 
certain other caterpillars.  
 
 Entomopathogenic Nematodes (EPNs) 
 
Beneficial nematodes also inhabit the soil – not just the pest nematodes which are so 
difficult to kill! There are two main genera which are mass produced – Heterorhabditis 
and Steinernema spp – of which Steinernema carpocapsae is more likely to have an 
effect on caterpillars than the other species S. felitae (normally used for thrip control). The 
EPN nematodes must be applied to the caterpillar body to have any effect and can be 
applied through normal spray equipment or through drip irrigation lines (if the soil phase 
of the caterpillar is the target).   
 
Application rates vary from 1.25 billion per ha to 2.5 billion per ha depending on whether 
the crop is full-field or if only 50% of the ground is covered by a row crop. Regular 
applications are needed during the period when caterpillar larvae are present in the 
canopy or dropping to the soil to pupate (Spodoptera and Heliothis spp). They will not be 
an effective treatment on their own and should be integrated with other control methods. 
The nematodes themselves have a bacterium within their own guts and once inside the 
host, they regurgitate these bacteria – which kill the host. The EPNs then reproduce 
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within the host, feeding off the decaying body of the host. They are easy to integrate with 
normal spray programmes as they are tolerant of most fungicides and insecticides – 
although they should not be applied in a tank mix spray and are obviously susceptible to 
nematicides applied to the soil.    
 
 Trichogramma wasp - caterpillar egg parasitoid 
 
In the past, very few growers used Trichogramma for caterpillar control due to the broad 
spectrum sprays being used routinely – however, more growers are beginning to adopt 
IPM and low pesticide inputs – making it worthwhile reviewing the usefulness of 
Trichogramma as one extra tool in an IPM programme. The tiny parasitoid wasps kill their 
hosts before their eggs hatch thus preventing crop damage by emerging caterpillars. 
Trichogramma is a minute wasp (shorter than 1 mm) that lays its own egg inside a 
caterpillar egg, killing the young caterpillar inside the egg. Instead of a caterpillar 
emerging from the egg, another Trichogramma wasp will emerge. Parasitised eggs 
generally turn brown then black, making them easy to distinguish from un-parasitised 
eggs. The Trichogramma wasp is yellow - brown with red eyes.  
 

 
Trichogramma laying eggs in a Heliothis egg. 
 
Between two to four Trichogramma wasps develop within one caterpillar egg, depending 
on the size of the egg. Trichogramma uses its antennae to measure the size of the host 
egg in order to determine the number of eggs it will lay in it. Other parasitoids species 
may produce only one offspring per caterpillar egg – hence Trichogramma is the 
commercially most commonly reared parasitoid.  
  
Trichogramma wasps are active in dry periods, particularly sorghum, maize and cotton, 
which make good “field insectary” and “trap crops”. If pesticide sprays are compatible with 
Trichogramma, the population increases from low densities during the rains and become 
very abundant in the dry season.   
 
However, Trichogramma wasps are extremely susceptible to most chemical insecticides 
and their residues. Pyrethroids for example can leave toxic residues which kill 
Trichogramma for up to 12 weeks after they have been sprayed on the crop – so check 
the spray history before applying Trichogramma. Plan spray programmes 3 months 
ahead of Trichogramma applications to avoid residue problems.  Trichogramma is 
distributed commercially as parasitized caterpillar eggs, which are stuck onto cards to be 
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hung in the crop, until the adult wasp emerges. This process takes from seven to ten 
days, depending on temperature. Female Trichogramma wasps then search the crop for 
new caterpillar eggs to parasitize. Releases should be made at the beginning of the egg 
laying period and continue as long as pheromone trap catches of adult moths are high 
and/or fresh eggs are being laid on the crop.  
 
Female Trichogramma wasps can parasitise over fifty moth eggs during their lifespan of 
up to 2 weeks. Adult wasps feed on nectar as well, so it is important to have small flowers 
(such as alyssum) present in field insectaries near the crop as a nectar food source. 
Again take care to manage the field insectaries carefully so they don‟t become a source 
of pests such as whitefly and caterpillars. 
 
Check with the supplier as to the host range of the Trichogramma species available 
commercially. Trichogramma brassicae has been used successfully against DBM 
(Plutella). Once emerged, Trichogramma wasps only live about seven days from 
application date. Since it takes about nine days for any newly parasitized eggs in the crop 
to develop and the second generation of adults to emerge in the crop – the 
Trichogramma should be applied at least in two applications 5 to 7 days apart – to ensure 
„continuous cover‟ from adult Trichogramma wasps. Do not apply Trichogramma in 
extreme heat or during rain in outdoor crops. Optimum release time is in the late 
afternoon. As long as the Trichogramma has been received within 24hrs from the 
supplier, they can be stored at 8 to 10°C for up to three days, depending on previous 
storage and how close they are to emergence. Do not allow the temperature to drop 
below 3 °C. Release rates will range from 25,000 parasitised eggs per hectare for low 
pest levels to over 200,000 per hectare for high pest levels. The number of developed 
caterpillars present in a crop as well as actual damage to the crop, is a better indication of 
the effectiveness of Trichogramma  rather than percentage egg parasitisation – as eggs 
are generally hard to find. 
 
 
3.4.7.  Pesticides and Resistance Management (IRAC groups) 
 
A well designed spray programme, planned in advance should be implemented.  It should 
take into account the mode of action, the target stage of the pest, the IRAC resistance 
management group and the effect on non-target beneficial insects which might also be in 
the crop at the same time.  IRAC stands for Insecticide Resistance Action Committee – 
made up of pesticide manufacturers, such as SYNGENTA, BAYER and BASF, who have 
jointly developed advice on which pesticides should be used less often than others (those 
with a higher risk of resistance) and advice on which pesticides should be used instead 
(rotating pesticides from different groups)4.   
 
IRAC provides valuable advice to the growers. If there is no resistance management 
strategy there will be resistance and the pesticide will no longer work. A table of the 
caterpillar pesticides is provided with details of their IRAC groups and effect on 
Trichogramma, a parasitoid which kill caterpillar eggs and Orius a predatory bug which 
attacks small caterpillars and also eggs.   
 
Common sense needs also to be applied on the choice of pesticide. If the financial risk 
from crop damage due to caterpillars is too high (e.g. very high invasion of moths and not 
                                                 
4 http://www.irac-online.org/about/resistance/ 
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enough beneficial insects) – then a pesticide should be applied – even if it will kill some 
beneficial insects.  
 
The following table provides information on the compatibility of commonly used pesticides 
for the control of caterpillars and their side effect on other beneficial insects. 
 
Table 1 -  % of the beneficial insect likely to die, if they are present at the time of 

spraying the pesticide (if they are actually touched by the spray). The actual 
% death will depend on the effective spray cover of the crop. 

 

 
 

  Orius NEPs Encarsia Aphidius Ladybirds 

 Active 
ingredient 

IRAC 
Group % of death (ND : not determined) 

chlorpyrifos 1B >75% 50 -75% >75% >75% 25-50% 

dichlorvos  
(fogging) 1B ND <25% >75% >75% ND 

Fiprinol 
(spraying) 2B <50-75 

% ND <50-75 % >75% >75% 

fipronil  
(drip) 2B <25-

50% ND <25 % ND ND 

deltamethrine  3A >75% <25% >75% >75% >75% 

spinosad 
5 >75% ND >75% >75% >75% 

Bt aizawai 
11 <25% <25% <25% <25% <25% 

Bt kurstaki 
11 <25% <25% <25% <25% <25% 

Bt 11 ND ND 25-50% ND ND 

diflubenzuron 15 >75% <25% <25% <25% ND 

teflubenzuron 
15 >75% <25 % <25 % <25% ND 

flufenoxuron 
15 >75% ND <25% ND ND 

novaluron 
15 ND ND ND ND ND 

lufenuron 15 25 –50% ND ->75% <25% ND 

methoxyfenozi
de 18 25-50% ND <25% <25% <25% 

indoxacarb 
22A 50-75% ND ND >75% ND 
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A similar table can be established for persistence of the active ingredients: the number of 
weeks after the spray application that the residue will remain harmful to the beneficials 
if they move onto the sprayed leaf after the day of the spray application.   
 
Table 2 – Persistence of the a.i. in weeks on plants. 
 

 
  

 Orius EPNs Encarsia Aphidius Ladybirds 

 Active 
ingredient Persistence of the a.i. in weeks on plants 

chlorpyrifos 5 2 8-12 12 ND 

dichlorvos  
(fogging) ND 0 1 ND ND 

Fiprinol 
(spraying) ND ND ND ND ND 

fipronil  
(drip) ND ND ND ND ND 

deltamethrine  
8-12 0 8-12 8-12 8-12 

spinosad 
1 ND 2 2 2 

Bt aizawai 
0 0 ND ND ND 

Bt kurstaki 0 0 ND ND ND 

Bt ND ND 0 ND ND 

diflubenzuron 
ND 0 ND ND ND 

teflubenzuron 
4 0 0 0 ND 

flufenoxuron 
4 ND 0 ND ND 

novaluron 
ND ND ND ND ND 

lufenuron 
4 ND 0 0 ND 

methoxyfenozide 
ND ND 0 0 0 

indoxacarb 
> 2 ND ND ND ND 
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3.4.8  Conclusions: IPM Recommendations 
 

 Produce Brassica transplants in seed trays in an insect-proof environment, where 
DBM moths cannot enter and lay eggs on young plants. 

 Learn to identify all life stages of the DBM and its predators and parasitoids. 

 Set up a Field insectary well ahead of the planting of the first Brassica crops – so that 
these areas are attractive to the DBM moths before the crop is developed.  

 Plan sources of biological control agents – either from neighbouring farms with good 
levels of parasitoids or from a commercial producer of bio-control agents.  

 Check plants carefully at least once per week or more often during peak periods and 
in hot weather – take action as soon as moths appear 

 Use Bacillus thuringiensis in the early part of the spray programme as this is less 
harmful to the parasitoids and predators of DBM and may allow them to build up in 
the crop. 

 Do not over-use pesticides, make plans before the crop is planted about which 
pesticides will be used (check IRAC groups and Pesticide Labels) – save effective 
but non-compatible sprays with short harvest intervals for emergency use in high pest 
pressure periods (if there are not enough bio-control agents present). 

 Calibrate and maintain spray equipment regularly – poor spraying means more 
sprays need to be applied than necessary. Dropleg sprayers are better at getting the 
sprays onto the underside of the leaf. 

 As soon as a badly infested crop is no longer needed – plough the crop under the soil 
immediately – to prevent adults from flying to new younger crops. 

 Organise the planting programme to ensure young crops are not planted down-wind 
of old crops – to reduce the migration of DBM from old to new crops. 

 

Caution ! The pesticide label should always be read before use on the crop.   

Do not apply pesticides not approved for use on the crop and follow instructions for 
Pre-Harvest Intervals (PHI) to avoid exceeding the Maximum Residue Limit (MRL).   
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Personal notes  
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Appendices 

A.1.  Definition of a few concepts 
 
Organic agriculture: a production method based on the management of the soil’s 
microbial activity, the recycling of organic waste, better crop balance, respect for the 
environment and natural balances and production techniques that do not generate 
pesticide residues. Organic farmers apply specific production methods such as the 
composting of organic waste, appropriate rotations with the introduction of pulses, green 
fertilisers and the biological control of diseases and pests. The use of artificial organic 
chemical products is generally prohibited, whether for fertilisation or the control of weeds, 
diseases and pests. Organic agriculture can be considered as one method of sustainable 
farming, the difference being that a so-called « organic » production is subject to 
inspection and its produce certified as complying with Regulation (EC) 2092/91. 
 
Sustainable agriculture: sustainable farming is the application to agriculture of the 
principles of sustainable development, as defined by the international community in Rio 
de Janeiro in June 1992. This is an agricultural production system that sets out to ensure 
a lasting supply of food, timber and fibres in keeping with ecological, economic and social 
constraints that will safeguard their production over time.  
 
Rational agriculture: a method of agricultural production that encourages farmers to 
take environmental concerns into account in their practices. 
 
Integrated Production (Integrated Crop Management – ICM):  directly inspired by the 
« integrated control » concept developed by the IOBC (International Organisation for 
Biological and Integrated Control of Noxious Animals and Plants). This is a strategy that 
not only covers plant protection but all crop practices. Integrated production differs from 
organic agriculture in that it does not abandon the use of chemical methods in cases 
when they do not pose any scientifically proven problems for food safety and for the 
environment.  
 
Biological control: a method of controlling a pest or a weed by using natural organisms 
that are their enemies such as phytophagous insects (in the case of a weed), parasitoids 
(for arthropods, etc.), predators (for nematodes, arthropods, vertebrates, molluscs, etc.) 
and pathogenic agents such as viruses, bacteria, fungi, etc (in the case of phytophagous 
pests, etc.). According to the IOBC (IOBC-WPRS) it is the « use of living organisms to 
prevent or reduce the damage caused by pests ».  
 
Integrated control of crop enemies: this is the use of all the available control 
techniques and the integration of appropriate measures that discourage the development 
of the pest populations and maintain the pesticides and other inputs at levels that are 
economically justified and reduce or minimise the risks for human health and the 
environment (FAO). 
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A.2.  The PIP Good Phytosanitary Practices Guides 
 
 The Good Phytosanitary Practices Guide for Organic Pineapples (Ananas comosus) 

in the ACP countries 
 The Good Phytosanitary Practices Guide for Aubergines (Solanum melongena, 

Solanum aethiopicum, Solanum macrocarpon) 
 The Good Phytosanitary Practices Guide for Lettuce (Lactuca sativa), Spinach 

(Spinacia oleracea et Basella alba), Brassicaceae (Brassica spp.) and other species 
grown for cut leaf production in the ACP countries  

 The Good Phytosanitary Practices Guide for Organic Mangoes (Mangifera indica) in 
the ACP countries 

 The Good Phytosanitary Practices Guide for Melons 
 The Good Phytosanitary Practices Guide for Baby Corn and Sweetcorn (Zea maidis) 

in the ACP countries 
 The Good Phytosanitary Practices Guide for Chilli Peppers (Capsicum frutescens, 

Capsicum annuum, Capsicum chinense) and Sweet Peppers (Capsicum annuum) in 
the ACP countries  

 The Good Phytosanitary Practices Guide for Baby Pack Choi (Brassica campestris 
var. chinensis) and for Baby Broccoli (Brassica oleracea var. italica) in the ACP 
countries 

 
 
A.3.  The PIP Crop Protocols 
 
 Crop Protocol for the Cayenne Pineapple 
 Crop Protocol for the MD2 Pineapple 
 Crop Protocol for the Bean  
 Crop Protocol for the Cherry Tomato 
 Crop Protocol for Peas 
 Crop Protocol for the Papaya 
 Crop Protocol for the Avocado 
 Crop Protocol for the Passion Fruit 
 Crop Protocol for the Mango 
 Crop Protocol for the Gumbo 
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Most used abbreviations and acronyms 

ACP African, Caribbean and Pacific Group of States 

ADI Acceptable Daily Intake (in mg/kg bw/day) 

AOEL  Acceptable Operator Exposure Level  

ARfD 

Acute Reference Dose (“an estimate of the amount a substance in food or 
drinking water, normally expressed on a body weight basis, that can be 
ingested in a period of 24 h or less without appreciable health risks to the 
consumer "- JMPR, 2002). 

CAS Chemical Abstracts Services 

CCP Critical Control Point (HACCP Method) 

CLP Regulation (EC) 1272/2008 on Classification, Labelling and Packaging of 
substances and mixtures (or regulation CLP) 

CMR 

Carcinogenic, mutagenic and reprotoxic chemicals, abbreviated as CMR 
chemicals, make up the first and most toxic category of the toxicity classes 
into which hazardous chemicals can be subdivided, according to EU 
legislation.  

DT50 Half-Life (e.g. time for the concentration of an active ingredient in the soil to 
be reduced by 50%) or T1/2 

EC Emulsifiable concentrate, solvent based liquid formulation of pesticide  

ECPPP Empty Containers of Plant Protection Products 

EMS Environnemental Management System 

EPA Environmental Protection Agency (USA) 
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EPPO European Plant Protection Organisation 

ETI Ethical Trading Initiative 

EU European Union 

FAO Food and Agriculture Organisation  

FLO Fairtrade Labelling Organizations International  

FSMS Food Safety Management System 

GAP Good Agricultural Practice 

GHS Globally Harmonised System of Classification and Labelling of Chemicals  

GLP Good Laboratory Practice 

GMO Genetically Modified Organism  

HACCP Hazard Analytical Critical Control Point 

IARC International Agency for Research on Cancer 

ICB Independent Certification Bodies 

ICM Integrated Crop Management  

ILO International Labour Organisation  

INERIS Institut National de l'Environnement industriel et des risques (France) 
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INRS Institut National de Recherche et de Sécurité (France) 

IOBC International Organization for Biological Control 

IPM Integrated Pest Management  

ISO International Standard Organisation 

IUPAC International Union of Pure and Applied Chemistry  

Kd Soil/Water Adsorption Coefficient 

LCA Life Cycle Assessment (also known as Life Cycle Analysis) 

LD50 Letal Dose 50 (in mg/kg bw) 

LOAEL Lowest observed adverse effect level 

LOQ Limit of Quantification (also DL : determination limit) 

MRL Maximum Residue Level (or Maximum Residue Limits) 

MSDS Medical Safety Data Sheet  

NGO Non Governmental Organisation 

NOAEL No Observed Adverse Effect Level  

OECD Organisation for Economic Co-operation and Development 

OHSAS Occupational Health and Safety Assessment Series 
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OSHA-EU European Agency for Safety and Health at Work 

PCB Polychlorobiphenyls 

PCR Polymerase Chain Reaction (enables researchers to produce millions of 
copies of a specific DNA sequence in approximately two hours) 

PHI Pre-Harvest Interval 

PNEC Previsible Non Effect Concentration 

PPE Personal Protective Equipment 

PRA Professional Risk Assessment (or Analysis) 

REACH Regulation (CE) 1907/2006) (Registration, Evaluation, Authorisation and 
Restriction of Chemical substances)  

SA 8000 Social Accountability 8000 (standard on the human rights of workers) 

SDS Safety Data Sheet 

TLV Threshold Limit Value (of a chemical substance) 

TNC Tesco Nature Choice : TESCO’s private standard  

UL Ultra Low volume formulation, oil based liquid pesticide formulations 

UNCED United Nations Conference on Economy and Development 

UNECE United Nations Economic Commission for Europe 

UNO United Nations Organisation 
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WG Water dispersible granules, granular pesticide formulations 

WP Wettable powder, dry powdered pesticide formulations 

WTO World Trade Organisation 
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Useful Websites 

ABC (Australian Biological Control): http://www.goodbugs.org.au/ 

BIOLOGICAL CONTROL: http://www.lubilosa.org/ 

COLEACP-PIP: http://pip.coleacp.eu/ 

CORNELL UNIVERSITY: http://www.nysaes.cornell.edu/ent/biocontrol/ 

CTA :  http://www.cta.int/ 

CSP:  http://www.insah.org/protectiondesvegetaux/csp/index.html 

FAO:  http://www.fao.org/ , http://www.fao.org/ag/AGP/AGPP/IPM/gipmf/index.htm 

GUIDE DE DEFENSE DES CULTURES AU TCHAD: http://tchad.ipm-info.org/ 

ICIPE :  http://www.icipe.org/ 

IFEN :  http://www.ifen.fr/ 

KOPPERT: http://www.koppert.com/ 

REAL IPM: http://www.realipm.com/ 

OILB-SROP: http://www.iobc-wprs.org/ 

USDA-APHIS: http://www.aphis.usda.gov/ 
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