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Introductión
Azadirachta indica A. Juss (Meliaceae) is an indian tree, 

commonly called the neem tree. It has many useful compounds 
that act as insecticide. Neem insecticides have in their composi-
tion azadirachtin, a tetranortriterpenoid plant limonoid which 
can be isolated from the seeds of the neem tree (Mordue & 
Blackwell, 1993). Azadirachtin is also termed Azadirachtin A 
(Rembold, 1989). 

Several commercial preparations are available including: 
Azatin, Bioneem, Neemies, Safer’s ENI, Wellgro, RD-Repelin, 
Neemguard, Neemark and Neemazal. Neem seed oil is often a 
starting material for such insecticides, their biological activity 
being related to its azadirachtin content (Isman et al., 1990).

Formulations include emulsifi able concentrates (ECs), sus-
pension concentrates (SCs), ultra low volume (ULV) formulatio-
ns (Feuerhake and Schmutterer, 1985) and granular formulatio-
ns (Saxena, 1989). Succesful control of pests with neem products 
can be obtained with the use of solvents for the formulations of 
fi eld applications (Mordue & Blackwell, 1993).

Th e eff ects of azadirachtin on insects include feeding and 
oviposition deterrence, growth inhibition, and fecundity and 
fi tness reductions (Schmutterer, 1990). 

Azadirachtin is a common example of a natural plant defence 
chemical aff ecting feeding, through chemoreception (primary 
antifeedancy), that consists in the blockage of the input from 
receptors that normally respond to phagostimulants, or from 
stimulation of specifi c deterrent cells or both (Chapman, 1974; 
Dethier, 1982) and through a reduction in food intake due to 
toxic eff ects if consumed (secondary antifeedancy), where food 
intake is reduced after application of azadirachtin in ways which 
bypass the mouth part chemoreceptors (Mordue & Blackwell, 
1993). Antifeedancy can be assessed from crude to refi ned 
neem extracts to neem enriched extracts to pure azadirachtin. 
Lepidoptera show eff ective sensitivity to azadirachtin with 
antifeedant eff ects at concentrations ranging between 1 and 50 
ppm.  Azadirachtin has also growth regulatory eff ects on larval 
insects like disruption of moulting, growth inhibition, malfor-
mation, which may contribute to mortality. Th is is attributed 
to a disruption of endocrine events as the down-regulation of 
haemolymph ecdysteroid level through the blockage of release 
of PTTH, prothoracicotropic hormone, from the brain-corpus 
cardiacum complex, or to a delay in the appearance of the last 
ecdysteroid peak showing a complete moult inhibition. Th ere are 
also eff ects on allatropin and juvenile hormone titres (Mordue & 
Blackwell, 1993). Dealing with reproduction, adverse eff ects on 
ovarian development, fecundity and fertility have been reported 
(Karnavar, 1987).

As the neem-based insecticides are not toxic to humans and 
many benefi cial arthropods, and the pests are unlikely to become 
resistant, these insecticides have been advocated to replace syn-
thetic insecticides become the more sensible to be used in most 
pest management programs (Feng and Isman, 1995; Immaraju, 
1998; Walter, 1999).

Under laboratory conditions, low doses of azadirachtin (10 
and 20 ppm) did not harm hymenopteran parasitoid Apanteles 
glomeratus but its host, fi nal instar Pieris brassicae had reduced 
feeding and gradually died. But the parasitoid is killed when 
larval instars are treated in the fi eld. A delay in spraying neem 
extracts until later larval stages appear would be convenient 
according to Schmutterer (1992).

Low doses of neem seed extracts (NSE), 10 ppm of active 
ingredient, allowed hymenopteran parasitoids to emerge unhar-
med and these were able to mate and seek new fruit fl y hosts, 
enhancing the eff ectiveness of biological control (Stark et al., 
a, b, 1990, 1992).

Th ere are also some studies that prove the neem’s lack of 
toxicity against spiders and mites. Like Chiracanthium mildeu 
(predator of citrus fruit) with its prey Tetranychus cinnabarinus 
that is highly susceptible to neem (Mansour and Ascher, 1983). 
Phytoseiulus persimilis is also not harmed by NSE, specially its 
fecundity while T. cinnabarinnus is up to 58 times more toxic 
than it (Mansour et al., 1987). Delphastus pusillus a coccinellid 
predator was not toxic to azadirachtin when applied either the 
plant or Bemisia tabaci eggs (Hoelmer et al., 1990).

Th ere are also adverse eff ects of neem against benefi cials. 
Th ere was suppression of ecdysis and 100% mortality of Cotesia 
congregata, hymenopteran parasitoid of Manduca sexta. Th is was 
seen with injections of 10 µg  azadirachtin into newly ecdysed 
fourth or fi fth instar host larvae (fi rst larval ecdysis of the wasps) 
(Beckage et al., 1988). Th ere were also moulting delays and 
deformities in Perillus bioculatus when Leptinotarsa decemlineata 
was treated with NSE (Hough-Goldstein and Keil, 1991). Also 
NSE reduced the population of Encarsia ssp. and Aleurodiphilus 
spp., parasitoids of Bemisia tabaci (Price and Schuster, 1991). 
Bees can also be harmed if spraying is done before fl owering 
(Schmutterer and Holst, 1987).

Th is short background of neem insecticides will let us unders-
tand and study more in detail the present applied case.

Th e objective of the present essay was to study recent cases 
of the eff ect of neem products on parasitoids. Experiments 
done under laboratory and fi eld conditions were discussed. 
Th e main aspects to describe and analyse were formulation and 
concentration of neem products, mode of application, timing of 
application and parameters asessed (mortality, adult emergence, 
antifeedancy, as the most important). 

Description of relevant methodologies
Lyons et al., (2003) carried out a bioassay where eggs of the 

Mediterranean fl our moth, Ephestia kuehniella, treated with an 
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acetone solution containing an azadirachtin-based formulation 
(Azatin EC, 3% azadirachtin; 100% Azadirachtin standard and 
Neem EC, 4.6% azadirachtin). Th ey were presented to individual 
Trichogramma minutum females. Survival of T. minutum females 
1 day after treatment, number of eggs parasitized, proportion 
of parasitized eggs from which adults emerged and sex ratios 
of emerging adult parasitoids. Two formulations of neem-seed 
extracts containing azadirachtin and a purifi ed azadirachtin 
standard were tested at an operational dose (50g azadirachtin/ha 
or 0.00375%) for conifer-feeding sawfl ies application rate in Ca-
nada, and at 10 times the operational dose (500g azadirachtin/ha 
or 0.0375%). No signifi cant eff ects were observed on survival of 
parasitoid females with the operational dose but at 500 g azadi-
rachtin/ha female survival was signifi cantly reduced by Azatin 
EC and Neem EC and no reduction was seen with the 100% 
azadirachtin treatment, being other components responsible for 
the toxicity of females. At 500 g azadirachtin the number of eggs 
parasitized was greatly reduced by Azatin EC and slightly reduced 
by Neem EC but was not reduced by an azadirachtin standard. 
However, sex ratio of emerging adults was not aff ected.

Tang et al., (2002) developed a bioassay where 10 pairs of 
adults of Lysiphlebus testaceipes (parasitoid of Toxoptera citricida) 
were confi ned in a glass vial containing leaf dipped in neemix 
4.5 (4.5% azadirachtin), at 11, 45 and 180 ppm of azadirachtin. 
Mortality was evaluated. Emergence rate of adult parasitoid was 
also tested, from 50-60 aphid mummies located in sour orange 
foliage and treated in Neemix suspension. Survival was not 
signifi cantly reduced with the fi rst two neem concentrations as 
well as the percentage of adult emergence. However, only a small 
signifi cant reduction in survival and emergence rate of parasitoids 
was obtained with 180 ppm of azadirachtin.

Akol et al., (2002), evaluated two neem-based insecticides, 
Neemroc EC (neem seed oil (NSO) and Neemros (neem kernel 
cake powder (NKCP), and the synthetic pyrethroid Karate, to 
prove safety of sprays to Diadegma mollipla (parasitoid of Plutella 
xylostella). Sprays were applied at the recommended dose fi eld 
rate of 15ml/l of water (300ml/ha) and 25g/l of water (500g/ha) 
for each neem product mentioned, respectively. Toxicity to neem 
(mortality and longevity), foraging behaviour and parasitation 
ability of Diadegma mollipla (female adults) in second instar of 
P. xyllostella (infested over cabbage leaves), were tested. Th ere 
were no mortality with NKCP-sprayed treatment and insignifi -
cant mortality in the NSO treatment compared to Karate with 
100% of mortality. Th ere were no signifi cant diff erences in the 
mean longevity of the wasps between the neem insecticides. 
Searching, ovipositing and grooming were the predominant 
activities spending more time on infested plants with second 
instar diamondback moth (DBM). Th ere were no diff erences in 
parasitism rates, with a mean of 52% among treatments, with a 
water-sprayed treatment included.

Saber et al., (2004) found that there were adverse eff ects of 
Neemazal 1% on Trichogramma cacoeciae. Egg discs of hosts 
(Cydia pomonella and Sitrotoga cerealella) were dipped in 3000 
ppm solution of the formulated insecticide at diff erent preimagi-
nal stages. Adult emergence (wasps) from eggs was aff ected more 
in S. cerealella than C. pomonella, as its egg chorion may prevent 
insecticide penetration. Parasitized host eggs exposed to insecti-
cide at pupal stage yielded the lowest percentage of emergence 
followed by eggs treated at larval and prepupal stages, especially 

on C. pomonella. More damage is seen as the parasitoid advance 
in development on C. pomonella eggs.

Mitchell et al., (2004) made a trial with aqueous suspension 
from neem seed kernel. A 50% honey solution was mixed using 
the neem suspension at 0, 0.625, and 5%. Antifeedant eff ects 
and oviposition behaviour was evaluated on adults of Gryon 
fulviventre, egg parasitoid of Clavigralla scutellaris, a coreid pest of 
pigeonpea Cajanus cajan. Repellency of neem was seen on adults 
of G. fulviventre, being the response concentration-dependent. 
Duration of antennation (washing the antennae) was signifi cantly 
aff ected by neem as the time spent was extended compared to 
a 0% neem concentration. However, success rate of wasps that 
parasitized neem-dipped Clavigralla eggs did not diff er from the 
wasps off ered control eggs dipped in distilled water. Neem also 
did not interfere with the ability of G. fulviventre females to gauge 
the suitability of the host egg, to determine whether it had been 
marked or to locate an appropriate are to commence drilling.

Exposure of parasitized eggs to 5% neem suspension did not 
reduce emergence success of resulting adult wasps (progeny). 
Also longevity of males and female wasps was not aff ected by 
preimaginal exposure (larval or prepupal stage) to 5% neem.

Raguraman & Singh (1999), tested neem seed oil at concen-
tration of 5, 2,5, 1,2, 0,6 and 0,3% on egg parasitoid Tricho-
gramma chilonis for biological eff ects, namely oviposition and 
feeding deterrency, toxicity, sterility and IGR activity. Th e host 
egg used was Corcyra cephalonica (rice moth). In the choice test 
done NSO at all concentrations drastically reduced egg laying by 
T chilonis. While in a no choice condition, neem seed oil at or 
above the 0,6% concentration caused more than 50% reduction 
in parasitization. Feeding deterrence was also seen at or above 
1,2% concentration in both tests mentioned above. In feeding 
toxicity tests, NSO  (treated with honey ) at 5% concentration 
caused less than 50% mortality to both males and females but in 
contact toxicity (host eggs treated with neem seed oil), females 
were aff ected sparing males. No sterility eff ect (parasitism, adult 
emergence, longevity) was seen when the parasitoid was fed 
with neem seed oil-treated honey. Pretreatment of host (before 
parasitism) with neem seed oil at 5 and 2,5% aff ected the T. 
chilonis adult emergence. On the other hand, posttreatment 
(after parasitism) did not infl uence the developing stages of this 
parasitoid and adult emergence as this is well- protected by the 
chorion of the host egg.

Simmonds et al., (2002), used two neem formulations (a crude 
ethanol extract from A. indica, 1% azadiractin and Azatin EC, 
3% azadirachtin), over a range of 10000 ppm to 1 ppm. Morta-
lity was calculated at 100 ppm. Th e parasitoid Encarsia formosa 
and its host the glasshouse whitefl y Trialeurodes vaporariorum 
(dwarf french bean pest) were tested. Th ere were no toxic eff ects 
(signifi cant mortality) on adults of E. formosa with the use of the 
two neem products, obtaining a LD50 of 1000 ppm A. indica 
derived treatments did not decrease the proportion of E. formosa 
emerging from parasitized whitefl y pupae, in a cage experiment. 
About the stabbing behaviour (brown  wound marks that refl ects 
oviposition) tested, E. formosa does not discriminate between 
untreated whitefl y nymphs and those treated with A. indica-
derived botanicals, as more than 1000 ppm of the insecticide 
is needed to elicit a 50% discrimination index. Leaves treated 
with A. indica-derived botanicals at 100 ppm, resulted in more 
parasitoids emergence from whitefl y pupae than the control 
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and other botanicals tested (naphtoquinones from Calceolaria 
andina and pyretrum).

Stansly & Liu (1997), made a comparison with neem seed 
extract (Margosan-O, 2,5 g/l azadirachtin) at 0,06 g of active 
ingredient, insecticidal soap, sugar esters from Nicotiana gossei, 
the pyrethroid Capture and Sunspray oil to show selectivity of 
insecticides to Encarsia pergandiella. Th e fi rst three insecticides 
showed little eff ect or no eff ect on E. pergandiella, an endopara-
sitoid of Bemisia argentifolii (sweet potato whitefl y). A signifi cant 
reduction in parasitoid emergence from second and third instar 
nymphs of B. argentifolii was obtained proving neem’s toxicity. 
No signifi cant eff ect was observed from the soap and Margosan-
O applied 7 days after parasitization on survival and emergence 
of young larval parasitoids. More than 50% of parasitoid pupae 
treated with neem insecticide, the soap and N. gossei sugar ester, 
survived to emerge compared to the chemical insecticides where 
most parasitoid were killed. Mortality of wasp adults was also re-
latively slight, with similar results in glass and leaf surfaces. Neem 
insecticide residues on tomato plants reduced parasitization of 
B. argentifolii statistically as much as the pyrethroid.

Lowery & Isman (1995), compared NSO applied in three 
concentrations, 0,5%, 1% and 2% (aqueous emulsions) to see 
the eff ect of neem on parasitism of Myzus persicae (green peach 
aphid) by Diaeretiella rapae, on mustard cabbage sprayed with 
neem. Also emergence of adult parasitoid was evaluated, dipping 
mummies of M. persicae into the emulsion previously. Also a fi eld 
study was carried out with diff erent crops where NSO (1%) and 
NSE (neem seed extract) (1%) (containing 20 ppm azadirachtin 
each) were applied, parasitized aphids were counted. Foliar sprays 
of NSO reduced the absolute number of parasitized M. persicae 
in dose-dependent manner. Emergence of adult D. rapae decrea-
sed with increasing concentrations of NSO but no signifi cant 
diff erences were seen among rates of NSO. Dipping mummies 
in solutions of NSO aff ected parasitoid survival (emergence of D. 
rapae adults) adversely, especially from young mummies. About 
the fi eld trial, absolute counts of parasitized aphis did not diff er 
from any treatment including the control. Number of mummies 
per 1000 aphids in the two neem treatments (NSO and NSE) 
were 3,8 and 3,5 times higher than controls.

Ahmad et al., (2003), carried out an experiment with neem 
kernel water extract (NKWE) at 5 concentrations of 30, 60, 
125, and 250 mg azadirachtin/l. In order to see the parasitoid 
eff ect of D. rapae on aphids, placed on potted cabbage plants. 
NKWE was applied to soil and leaves. Parasitization, weight of 
mummies and rate of emergence in two aphid generations were 
evaluated. Application to the soil, produced negative reactions, 
when aphids on the plants were parasitized, showing low per-
centage parasitization, lowered mummy weight, low emergence 
rate of adults of F1 and F2. On the other hand, foliar sprays of 
NKWE have less severe eff ects in D. rapae.

Goudegnon et al., (2000), developed a fi eld experiment 
(cabbage cultivation) where a neem kernel solution was used, 
that contained 0,61% azadirachtin (w/w) and was compared 
with  deltamethrin to see the eff ect on diamondback moth and 
Cotesia plutellae. Concluding that apparently the neem extract 
does not aff ect the C. plutellae populations. Despite that the 
ratio C. plutellae to P. xylostella after treatments was signifi cantly 
diff erent from the deltamethrin treatment. 

Raguraman & Singh (1998), tested an aqueous suspension 
and an ethanolic extract of neem seed kernel (NSK) at 0,3, 0,6, 
1,2, 2,5 and 5% concentrations for ovipositional deterrency, 
feeding deterrency, toxicity, sterility and insect growth regulatory 
eff ects on larval parasitoid Bracon hebetor. Bioassays were carried 
out with choice and no-choice tests and treated raisins. Th ere was 
no signifi cant eff ect on oviposition and sterilizing eff ects on B. 
hebetor when using the two NSK extracts. B. hebetor adults that 
settled on raisins treated with neem extracts showed abnormal 
behavioural responses and did not prefer to feed. Parasitoid eggs 
and pupae were unaff ected by the extracts tested. Pretreatment 
of host larvae before parasitizing with aqueous suspension above 
0,6% concentration, aff ected the development of the parasitoid 
severely, also the adult emergence.

A similar pattern was seen with the ethanolic extract of NSK, 
but less adult emergence was obtained. Th e parasitoid larvae were 
killed by feeding contaminated host larvae and also through 
contact (posttreatment) with neem extracts at all concentrations. 
Th ere were malformations seen on unemerged parasitoid pupae 
in the neem treatments.

Perera et al. (2000), made experiments on cabbage plants 
with neem seed oil preparation (NSO), and Azatin EC with an 
azadirachtin content of 1 g/l  and 30g/l, respectively. To see the 
eff ect of diamondback moth  and its parasitoid Cotesia plutellae. 
Th e concentrations used were: NSO, 0,1 ml/l, 1 ml/l, and 2 
ml/l; Azatin, 0,01 ml/l, 0,1 ml/l and 1 ml/l. Second-instar P. 
xylostella larvae was enclosed with female C. plutellae, and then  
P. xylostella larvae were exposed to the antifeedant treatments at 
the fourth instar. Th ere was no eff ect of the antifeedants on the 
formation of cocoon by C. plutella as the host larvae was at the 
fourth instar. Some of the C. plutellae which had been exposed to 
antifeedant survived to emerge as adults. Th ere was no emergence 
seen with concentrations at or above 1 ml/l of the neem products. 
Th e number of adult C. plutella emerging as percentages of the 
numbers of cocoon formed, were signifi cantly lower than for the 
control treatment, showing the detrimental eff ect of neem.

Discussion
From the literature studied, neem seems not to be toxic to 

parasitoids for the ones that belong to the Hymenoptera order. 

Th e parameters usually measured to quantify the eff ect of 
neem on parasitoids are: level of parasitization, survival of adults 
(mortality), parasitoid development, adult emergence, longevity 
and antifeedancy.

High doses of neem insecticides used in experiments as ex-
pected are harmful for parasitoids. For instance, like the dose 
of 20 ppm azadirachtin used in the experiments of Feldhege & 
Schmutterer (1993) and Lower & Isman (1995). A high dose 
of azadirachtin (500g/ha) like the one used in the bioassay of 
Lyons et al. (2003) indicated a reduction in egg parasitism due 
to a decrease in the survival of parasitoid females of T. minutum 
and also their developmental success. Higher concentrations of 
neem (500 ppm) deterred adult wasps E. formosa from stabbing 
in a leaf-disc choice bioassay done by Simmonds et al., (2002). 

Th ere are many cases where neem treatments do not aff ect 
parasitoids and  can be compatible with Integrated Pest Ma-
nagement programmes (application of neem insecticides and 
parasitoid releases). Th is is because either the concentration is 
low or operational doses (commonly fi eld dose) are used. Th is 
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may vary according to the species and exposure to the product 
and the product itself. As demonstrated by Tang et al., (2002) 
with Neemix applied at 11 and 45 ppm of azadirachtin to control 
brown citrus aphid where there was no signifi cant reduction on 
the survival rates of L. testaceipes. Lyons et al., (2003) demonstra-
ted that there is a minimal impact on T. minutum when using the 
operational concentration (0,00375%) of products that contain 
azadirachtin to control E. kuehniella.

No adverse eff ects (acute toxicity) with the direct exposure of 
neem formulations were seen on longevity, foraging behaviour 
and ability to parasitize hosts (P. xyllostella) of D. mollipla adults in 
laboratory tests (Akol et al., 2002).Th is is due to rapid excretion 
of azadirachtin below levels aff ecting the hormonal titres that 
are critical in developing insects (Rembold et al., 1984). D. mollipla 
perceived and responded to the foraging cues from the host plant 
and/or host more than 24 h after treatment (Akol et al., 2002).

Despite of the strong eff ect on G. fulviventre of aqueous neem 
extract, neither survivorship of adults nor egg parasitization rates 
were aff ected. Th ere was also no eff ect of neem at preimaginal 
stages of the egg parasitoid (Mitchell et al., 2004).

Cage experiments done by Simmonds et al., (2002) demons-
trated that A. indica-derived botanicals did not decrease the 
number of emerging adults E. formosa when applied to parasiti-
zed whitefl y pupae. Th is resulted into a high level of control of 
whitefl y, compared to the residual eff ects and deterrent activity 
of naphtoquinones and pyretrum, other plant-based insectici-
des. Th ere are also trials where unavoidably, the negative eff ect 
of neem is seen (see Table 1), for example in the study of Saber 
et al., (2004), Trichogramma cacociae is aff ected by Neemazal 
application under laboratory conditions. 

According to Lowery & Isman (1995), neem seed oil is 
toxic to D. rapae both treatment of plants and dipping of aphid 
mummies under laboratory conditions. However, in fi eld stu-
dies neem treatments were not detrimental. Th is is because of 
the degradation of azadirachtin by ultraviolet light, avoidance 
of treated plant parts, or quick colonization of treated plots by 
aphid natural enemies.

In the trial of Stansly & Liu (1997), Margosan-O reduced 
parasitization of whitefl ies due to repellency. However, concen-
trations used were below what would normally be sprayed to 
control whitefl y and as a result below what its parasitoid might 
experience at certain times and places. 

Ahmad et al., (2003) give no recommendation for the use of 
parasitoids in combination with neem preparations as application to 
the soil had a long-lasting eff ect on the rate of parasitization and on 
survival (as demonstrated with the parasitoid D. rapae).

Antifeedancy of neem on parasitoids is clearly seen when 
a substrate (honey or raisins) are treated with the insecticide 
(Raguraman & Singh ,1998; 1999).

It has been proved that alcoholic extracts of neem seed are 
more toxic to than aquoeus neem suspension and neem oil on 
the parasitoid Bracon brevecornis and B. hebetor (Raguraman & 
Singh, 1999; Srivastava et al., 1997).

It is important to know the timing of application of the 
neem insecticides, especially dealing with host stage. Treatment 
of crops with neem products after parasitization will conserve 

the parasitoid T. chilonis according to the results carried out by 
Raguraman & Singh, (2004). T. chilonis may be sensitive to some 
neem volatile substances like salannin, explaining why it showed 
diminished oviposition deterrence and feeding deterrence. In the 
fi eld T. chilonis (host eggs, adults) might be aff ected by neem 
extracts through contact or feeding toxicity. Th is is why neem 
pretreament of crops should be avoided in case of inundative 
release of this wasp.

Selectivity of insecticides (emphasizing neem products) should 
be defi ned with respect to life stages of the benefi cial (Stansly & Liu, 
1997). Host egg plays an important role on the eff ect of insecticide 
on preimaginal stages (pupal stage) (Saber et al., 2004). In their trial, 
the more developed the parasitoid is the more damages is seen. Th e 
chorion of host eggs also plays a role in neem insecticide penetration 
(Saber et al., 2004; Raguraman & Singh, 2004).

In order to avoid contamination of host and parasitoid larvae a 
minimum safety period should be followed after spraying NSK extract 
in the fi eld as suggested by (Raguraman & Singh, 1999).

Some pests that received neem treatments can have been 
already parasitized and their parasitoids might still be expected 
to emerge but in reduced number. Th is is seen if the treatment 
was received at late stages of the larval development like in P. 
xylostella (Perera et al., 2000). 

A delay on spraying neem extracts until later larval stages 
appear would be convenient according to Schmutterer (1992).

Results obtained under laboratory and fi eld conditions diff er. It is 
suggested to carry out further research in the fi eld or more laboratory 
trials that simulate real conditions. For example, leaf bioassays to test 
the eff ects of neem insecticides were used to mimic closely the wasps’s 
normal experience by Stansly & Liu (1997).

Some authors do not explain clearly or the set up of the experi-
ment is not suitable to test the eff ect of neem on parasitoids, like 
in the article written by Goudegnon et al. (2000) who concluded 
that there was no negative eff ect seen on C. plutellae. 

Conclusions
Adult emergence, parasitization, mortality and antifeedancy 

are the most important parameters when assesing the eff ects of 
neem on parasitoids. Th ere is a minimal impact of neem on pa-
rasitoids if applied in low doses or commonly fi eld applied doses. 
Aqueous-neem suspensions are less toxic than neem oil extracts. 
Th e timing of application (host stage) plays an important role in 
order not to aff ect the parasitoids. Field experiments are more 
relevant for assessing the eff ect of neem.
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