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Abstract 
Sustainable methods to control insect pests that affect crop yield have become a great challenge to 
mainly smallholder farmers. Beneficial insects in agricultural fields play an important role in 
natural pest control and pollination. The use of synthetic and botanical pesticides has detrimental 
effects to both natural enemies and pollinators in agricultural fields. The pesticides affect the 
survival of a range of life cycle stages, reductions in reproductive capacity, changes in the suita- 
bility of hosts for parasitising or predation, reduced emergence of parasitoids from sprayed host 
eggs and cause direct mortality. This has caused a serious menace to biological control agents and 
pollinators. When natural enemies are reduced, even more serious consequences may result for 
pest population dynamics which include the phenomena of resurgence and eruption of secondary 
pests. The decrease in pollinators reduces agricultural productivity. This review aims at exploring 
the side effects of synthetic and botanical pesticides on beneficial insects to give the basis for 
research on the negative impacts of synthetic and botanical pesticides on these insects. This 
information will assist in optimizing the use of pesticides in integrated pest management pro- 
grammes by employing more sustainable and ecosystem benign practices such as the use of right 
dosage and selective pesticides in agricultural fields. 

 
Keywords 
Biological Control, Pollinators, Predators, Parasitoids, Ecosystem 

 
 

1. Introduction 
In agricultural/ecological context, insects can be grouped into beneficial or non-beneficial (pests). The beneficial 
insects in agriculture include pollinators as well predators and parasites of pest insects (parasitoids). They 
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provide natural ecosystem services such as biological control of crop pests and pollination of crops. In recent 
times, modern agriculture has brought the use of herbicides and pesticides due to occurrences of pests and 
diseases [1]. In doing so, the activities of beneficial insects can be disrupted when pesticides are used in 
agricultural fields as the abundance and species composition of these beneficial insects will be affected [2]. Most 
available field crop synthetic insecticides have broad spectrum activity which kill both beneficial insects and 
pests. Broad-spectrum synthetic insecticides include the organochlorines, organophosphates, carbamates and 
pyrethroids. These have been widely used since their introduction in the 1940s and 1950s [3]. Organophosphates 
are some of the most insect-toxic pesticides which with carbamates and pyrethroids are nerve poisons [4]. 
Organophosphates and carbamates are specifically cholinesterase inhibitors while pyrethroids specifically are 
sodium channel modulators which overexcite neurons. Organophosphates include acephate, chlorpyrifos, mala- 
thion and phosmet while pyrethroids are cyfluthrin, esfenvalerate, λ-cyhalothrin and permethrin. Cabamates 
include aldicarb and carbaryl which cause negative impacts on insects’ survival, growth, development, repro- 
duction (sexual ratio, fecundity, longevity and fertility), and behaviour (motility, orientation, feeding, ovipo- 
sition and learning) [4]. 

Some plant-derived and synthetic pesticides have negative impacts on natural enemies and pollinators. [5] 
reported that basically, pesticidal plants have the active ingredients similar to synthetic pesticides and therefore, 
they can cause the negative impacts to non-target natural enemies and pollinators. A decline in the wild pollina-
tors, for instance, has been documented in many regions of the globe. One of the causes for the decline is the 
pesticide use which causes direct and indirect adverse effects on beneficial insects’ populations [6]. Some bo- 
tanicals are non-specific and toxic. Nicotine from tobacco plant extract, for instance, is classified as WHO Class 
Ib which means highly hazardous. Rotenone from Derris and Tephrosia species is classified as Class II. Rote- 
none and natural pyrethrum from chrysanthemum are highly toxic [7]. Synthetic pesticides also when applied 
kill other non-targeted organisms such as natural predators and parasites of the pests and organisms that are 
beneficial to health and balance of the ecosystem [8]. Pesticides poisoning can cause population declines and, 
therefore, threaten the rare species by causing abnormal behavioural changes [9]. In Africa, the extent of pesti-
cides’ use is very low compared with the global market and it has recently been recorded that Sub Saharan Afri-
ca is about 2% relatively lower than other African countries [10]. 

There is limited understanding of the impacts of botanical and synthetic pesticides on natural enemies and 
pollinators in most of sub-Saharan Africa. This poses a need to generate information on impacts of botanical 
pesticides as well as synthetic products on beneficial insects especially the natural enemies and pollinators in 
agricultural fields. This review aims at documenting the impacts of synthetic and botanical pesticides on 
beneficial insects. This will provide the basis for research on the side effects of synthetic and botanical 
pesticides and consequently develop practices that will help to prevent these effects on non-targeted beneficial 
insects. 

2. Effects of Synthetic Pesticides Use on Beneficial Insects 
2.1. Lethal Effects (Direct Effects) 
Synthetic pesticides can cause lethal effects to beneficial insects and the main lethal effect is the direct killing. 
Predators and parasitoids tend to be more susceptible to pesticides than plant-feeding insects because, plant 
feeding insects may possess detoxification mechanisms produced by plants [11]. Pesticides kill natural enemies 
including those in resistant stages at the time of application and those which will migrate into the sprayed area. 
There is also possibilities of accumulation of the pesticides to lethal levels if the pesticides do not kill the 
exposed natural enemies immediately at the time of application [12]. The parasite larva that lives inside the host 
will not develop if the host is killed by the pesticide [12]. [13] reported on the lethal effects of the insecticides 
cartap, imidacloprid, malathion, metamidophos, acephate, acetamiprid and abamectin. These pesticides caused 
more than 61% of mortality of the parasitoid Encarsia sp. It has been further been reported by [13] that the 
pesticides cartap, imidacloprid, malathion, metamidophos, acephate, acetamiprid and abamectin increased 
mortality of the emerged parasites. [14] reported on the side effects of five pesticides namely Profect (w.p.), 
CAPL-2 (mineral oil), Lambda-cyhalothrin, Spinosad and Fenitrothion (Sumithon) on the immature stages of 
the parasitoid wasp Trichogramma evanescens. The pesticides caused mortality of the emerged adults within 
few hours post emergence. [13] further reported that higher concentrations of Sulphur pesticide in agricultural 
fields increased mortality of adult parasitoid wasp Trichogramma and reduced the fitness of the emerged wasps. 
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[15] carried out an experiment to evaluate the effects of some insecticides on the abundance and mortality of 
predacious Ladybird beetle in bean ecosystem. He revealed the highest number of dead Ladybird beetle after 
treatment with Curtap 50 SP @ 2 g/L water (4.45), followed by Esfenvalerate 5 EC @ 1 ml/L water (4.29), Del-
trametrin 2.5 EC @ 1 ml/L water (3.96), Cypermethrin 10 EC @ 1 ml/L water (3.62) and Fenitrothion 50 EC @ 
1 ml/L water (3.29), Fenvelarate 20 EC @ 1 ml/L water (2.70) and Emamectin benzoate 5 SG @ 1 g/L water 
(2.97). In the study conducted by [16] on effects of Diazinon and Nogos @ 2 ml/L water on Ladybird beetles 
larva and adults, the pesticides caused 86.7% and 83.3% larval mortality and 86.7% and 93.3% adult mortality 
respectively.  

The study conducted by [17] on the lethal and behavioral effects of pesticides on the insect predator Macro-
lophus pygmaeus (Hemiptera: Miridae), thiacloprid pesticides caused 100% mortality to M. pygmaeus nymphs. 
[18] further reported on the mortality of foraging predators and parasitoids when they were subjected to the ap-
plication of imidacloprid on foliage.  

[19] found that imidacloprid in the nectar of flowers is the result of the imidacloprid applied as soil granular 
and thereafter translocated to flowers; consequently caused mortality of parasite of mealybug (Anagyrus pseu-
dococci). The mortality occurred due to hyperexcitation, convulsions and paralysis caused by imidacloprid 
overstimulation of the synapses [20]. Greater understanding of the lethal effects of synthetic pesticides on bene-
ficial insects will contribute significantly in avoiding lethal pesticides and consequently promoting the beneficial 
insects’ populations.  

2.2. Non-Lethal Effects (Indirect Effects) 
Non-lethal effects of pesticides include weakening of the insects (predators and parasitoids), changing their 
behaviour and lengthening the development period of the immature stages which will lead to the reduced prey 
consumption and reproductive ability [21]. Other indirect effects are as follows. 

2.2.1. Reduced Ability to Capture Prey 
[22] found that doses of cypermethrin reduced predators’ capacity of finding and capturing prey. The study 
further reported that parasitoids submitted to insecticides lambdacyhalothrin and carbamates treatments reduced 
their capacity of guiding themselves to the host plants with aphids attack. When treated with fenvalerate and 
methomyl, females of Microplitis croceipes (Braconidae) which is a parasitoid of Heliothis sp. (Lepidoptera: 
Noctuidae) reduced flying activity 20 hours after the treatment [23]. Mechanisms through which the synthetic 
pesticides reduce the ability of predators from capturing prey need to be studied to give the basis of optimizing 
the future use of selective synthetic pesticides.  

2.2.2. Reduced Food Resources for Predators, Parasitoids and Pollinators 
Pesticides can have indirect effects by decreasing plants and insects which are food sources to other beneficial 
insects. Herbicides can change the habitats by altering vegetation structure ultimately leading to the decline of 
beneficial insects’ populations. They can suppress plants which are used to provide nectar, pollen and honeydew 
to natural enemies and also eliminate the non-pests species that serve as alternative source of food for natural 
enemies and which provide favourable conditions for their survival. The elimination of the hosts or prey for 
instance by pesticidal effects will lead to the natural enemies lack food resources and therefore these natural 
enemies will have to leave in search of alternative prey or host. Thus, there will be no natural enemies to 
suppress the activities of pests [24]. Dosage of imidacloprid above 20 ppb has been reported by [25] to reduce 
the ability of bumble bees and honey bees to step into food sources. There is limited knowledge on the types of 
synthetic pesticides that reduce the food resources for beneficial insects and therefore exploring these pesticides 
would help in conserving predators, parasitoids and pollinators. 

2.2.3. Oviposition and Feeding Repellency of Predators and Parasitoids 
Some inorganic insecticides present on foliage may bring physical irritation to predators and parasitoids 
especially the small ones. Insecticides may cause repellency for feeding and oviposition. The insects will rarely 
oviposit on plants sprayed by pesticides [2]. Insecticides may cause physiological changes by affecting the 
nervous and hormonal balance of beneficial insects. The natural enemies may reduce the probability of finding 
their hosts for oviposition because of the indirect disturbance caused by the repellent effect of insecticides [26]. 
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Better understanding of the repellency effects of the synthetic pesticides and how they cause changes in 
beneficial insects’ physiology will promote their populations in agricultural fields. 

2.2.4. Developmental Impairment of Parasitoids and Predators 
[27] did a laboratory experiment (using the IOBC classification) to investigate the effects of insecticide amitraz 
on the parasitoid wasp, Encarsia formosa used to control the whitefly, Trialeurodes vaporariorum. It was 
observed that amitraz at the maximum recommended field concentration (E = 89.09) and 1/2 dose (E = 82.3) 
were harmful and 1/4 dose (E = 63.2) was moderately harmful to E. formosa.  

[28] found out that, mancozeb was toxic to predatory mites of the family Phytoseiidae and therefore, dis- 
couraging its use will encourage populations of the phytoseiid mites, which are able to greatly control the two 
spotted spider mite in the absence of the chemical. The insecticide fenoxycarb was reported to cause the pro- 
longed time of development of the predator Chysoperla rufilabris (Neuroptera: Chrysopidae) in all the stages as 
reported by [29]. 

[30] discovered destruction of the scelionid egg parasitoid Trissolcus grandis (Hymenoptera: Scelionidae) 
which had been used in the control of Eurygaster integriceps populations due to intensive use of insecticides. 
Effects of the insecticides Fenitrothion and deltamethrin on adults and preimaginal stages of egg parasitoid 
Trissolcus grandis have been also reported by [31]. The insecticides significantly reduced the emergence rates 
by 18.0% and 34.4%, respectively, compared with the control. In the study by [32] on the effects of dimethoate, 
spinosad, imidacloprid and pirimicarb on the survival and longevity of Aphidius ervi, an important parasitoid of 
the pea aphid, (Acyrthosiphon pisum), it was unveiled that after 24 hours, dimethoate had caused total mortality 
of all Aphidius ervi adults subjected to the treatment, followed by pirimicarb and the last one being spinosad 
(Table 1). 

The developmental impairment caused by synthetic pesticides have great impacts on biological control of 
agricultural pests. There is therefore a need of studying the dynamics of the predatory and parasitic activities 
affected by these developmental anomalies. 

2.2.5. Reduced the Foraging Ability of Pollinators 
[33] studied foraging behavior of honey bees (Apis millifera) and reported the abnormal foraging when the ho-
ney bees were subjected to the pesticide imidacloprid and they could not return to the feeding site in the same 
way as untreated bees did. [19] reported that bees lost navigation and foraging skills when subjected to sub le-
thal doses of neonicotinyl insecticide. [34] showed that when the honey bees were subjected to doses of imidac-
loprid above 30 ppb, the foraging rates slowed down and handling time increased. 

Further research on the reduced foraging ability of both the pollinators and natural enemies of pests caused by 
synthetic pesticides is the way forward towards preserving the bees hence, promoting biological control and pol-
lination in agriculture.  

2.2.6. Reproductive Impairment of Predators and Parasitoids 
[35] reported sub-lethal effects of the insecticide Spinosad which accumulated in the ovaries of the parasitoid, 
Hyposoter didymator. It also reduced the rate of fecundity and size of this insect. When submitted to low doses 
of the insecticide deltamethrin, the males of Thrichogramma brassicae did not respond to the signals of females, 
while treated females reduced the capacity of attracting untreated males [35]. Wettable sulfur which is effective 
against mites and thrips and hydrated lime which is effective against leafhoppers can cause infertility which may  

 
Table 1. Adults of Aphidius ervi surviving after 24 hours’ exposure to insecticides at sub-lethal concentrations.                     

Treatments Surviving adults Males Females Average 

Dimethoate 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 

Spinosad 23.00 ± 0.00c 6.89 ± 0.15b 6.40 ± 0.29c 6.78 ± 0.05c 

Imidacloprid 22.00 ± 0.41b 8.70 ± 0.30c 8.10 ± 0.24d 8.47 ± 0.22d 

Pirimicarb 22.75 ± 0.25c 6.64 ± 0.19b 5.15 ± 0.54b 6.31 ± 0.16b 

Control 23.00 ± 0.00c 9.95 ± 0.19d 8.55 ± 0.38d 9.64 ± 0.07e 

Modified from [32]. 
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be one of the main factors for the reduction of arthropod longevity. Infertility in adults may also influence the 
dynamics of populations as matting does not generate fertile eggs [36]. When parasitoid Trichogramma 
pretiosum was subjected to insecticide organophosphate chlorpyrifos, it reduced the number of females [22]. 
The parasitoid T. pretiosum presented variation in sexual ratios when subjected to the insecticides. Due to 
chemical consumption, females may suffer from ovary deformations and this has impacts on sexual ratios [37]. 
[38] reported the effects of the spinosad on adult longevity and fecundity of the common green lacewing, 
Chrysoperla carnea. The insecticide fenoxycarb has been reported to cause the prolonged time of development 
of the predator Chysoperla rufilabris in all the stages [29]. Investigations of different synthetic pesticides that 
cause reproductive impairment to predators, parasitoids and pollinators could enhance the host-finding and 
pollination efficiency. Also more knowledge on non-lethal effects of the synthetic pesticides on natural enemies, 
parasitoids and pollinators is important in increasing their efficiency to control pests and pollinating the crops in 
agricultural fields. 

3. Impacts of Botanical Pesticides on Beneficial Insects  
3.1. Lethal Effects (Direct Effects) 
Several botanical pesticides have caused mortality to beneficial insects due to their toxicity. These include 
among others citronella, eucalyptus, garlic, pyrethrum and neem products [39]. 

[40] reported on very high mortalities of Venturia canescens for the LC25 value of pyrethrum. At the LC50, 
pyrethrum was highly toxic to V. canescens and caused 100% mortality. 100% mortality of egg-larval parasitoid 
Chelonus oculator (Braconidae) occured when subjected to the LC50 value of pyrethrum as reported by [41]. 
When larvae of Ephestia kuehniella as parasitoid hosts were treated at LC50 and LC25 values of Azadirachtin, 
very few adult parasitoids emerged which indicated a strong detrimental effect on the parasitoid. [42] reported 
on effects of botanical insecticides naphthoquinones from the Chilean plant Calceolaria andina L. (Scro- 
phulariaceae), and derivatives from Azadirachta indica and pyrethrum products on the behaviour and mortality 
of whitefly Trialeurodes vaporariorum and the parasitoid Encarsia formosa, at lower concentrations, pyrethrum 
caused mortality to both the adults of Trialeurodes vaporariorum and its parasite Encarsia formosa. 

Moreover, [15] found that the mortality of lady beetles in bean fields when treated with Neem oil (fresh) @ 
2.5 ml/L water, Neem oil (stored) @ 2.5 ml/L water. Rotenone and neem reduced the numbers of adult anthoco-
rid Orius laevigatus, a predator of flower thrips, Frankliniella occidentalis [43]. [44] reported that 10% neem 
seed kernal extract caused the mortality of lady bird beetle, Adonia variegata by 73.3% compared with 65.0% 
mortality caused by 5.0% neem oil. [45] unveiled that when bees Apis millifera (adult workers) were subjected 
to the diet exposed to botanicals citronella oil, eucalyptus oil, garlic extract, neem oil, or rotenone, they suffered 
from 42% to 60% higher mortality rates compared with the uncontaminated food control. Andiroba oil showed 
no significant effect on adult workers’ mortality. The higher mortality rates were also observed in worker larvae 
exposed to dietary andiroba oil, garlic extract and neem oil, but rotenone, citronella oil and eucalyptus oil had no 
significant effects on mortality rates of the worker larvae. When adult workers were raised from the larvae fed 
on a diet exposed to andiroba oil, garlic extract, and neem oil the survival rate decreased. During pupation and 
adult emergence, the mortality of larvae bee was induced by andiroba oil and garlic extracts [45]. [46] found that 
when subjected to aphids sprayed with the neem oil, the first instar larvae of Coccinella septempunctata expe-
rienced higher mortalities and the first instar larvae of Episyrphus balteatus were highly affected. Also, the 
hatching rates of Coccinella septempunctata and Chrysoperla carnea were highly affected. Despite their effec-
tiveness in pest control, some botanical pesticides are lethal to beneficial insects. Thus, detailed knowledge of 
the lethal synthetic pesticides on beneficial insects is essential for sustainable control of insect pests and pollina-
tion activities for improved and sustainable agricultural production.  

3.2. Non Lethal (Indirect Effects)  
Non lethal effects of botanical pesticides may inhibit the ability of natural enemies to establish populations, 
suppress the capacity of natural enemies to utilize prey, reduce prey availability, affect parasitism or con- 
sumption rates; decrease reproduction, inhibit ability of natural enemies to recognize prey; influence the sex 
ratio (females:males), and reduce mobility, which could impact prey-finding [47]. Beneficial arthropods’ 
activities will consequently be promoted if more knowledge will be provided in understanding the non lethal 
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effects and the botanical pesticides that cause these effects.  

3.2.1. Reduced Parasitism Rates 
Azadirachtin and pyrethrum have been reported by [40] to seriously affect the development and behaviour of 
parasitoid Venturia canescens (Hymenoptera: Ichneumonidae). [48] studied the side effects of neem products on 
parasitism rates of Trichogramma pretiosum and Trichogramma minutum on Helicoverpa eggs. The authors 
found that NeemAzal-T/S reduced the parasitism rates to 50%, 48.9%, 71.1% and 73.3% at 2%, 1%, 0.5%, 0.25% 
concentrations, respectively compared to 96.6% on control experiment for T. pretiosum and NeemAzal PC, 05 
reduced the parasitism rates to 70%, 67.8%, 70% and 80% on concentrations; 2%, 1%, 0.5% and 0.25% for T. 
Minutum. [42] reported that neem at 500 ppm deterred the adult of E. formosa from ovipositing. Also when 
subjected to the whitefly nymphs treated with Pyrethrum, the adult E. formosa was discouraged from ovipositing 
on the treated nymphs and consequently low percentage of parasitised nymphs. The naphthoquinones also 
discouraged the parasitoids from ovipositing. [41] studied the effects of azadirachtin and pyrethrum and 
observed that the emergence rates of the egg-larval parasite Chelonus oculator were reduced when treated with 
azadirachtin at LC50 and LC25 values and pyrethrum at LC25 value (Table 2 and Table 3).  

Establishing the relationship of the botanical pesticides with the parasitism rates is crucial in influencing the 
beneficial insects’ activities in agricultural fields.  

3.2.2. Feeding and Stabbing Repellency of the Parasitoids and Pollinators 
[40] reported on repellent effects of oil of Azadirachta indica (Meliaceae) on the parasitoid Uscana lariophaga 
(Hymenoptera: Trichogrammatidae). [44] found that neem seed kernel extract (10%) caused repellency in feed-
ing by 72.0% of ladybird beetle, Adonia variegata while neem oil (5%) caused a reduction in feeding by 68%. 
The Delphastus pusillus, a predatory ladybird beetle avoided the eggs of whitefly, Bemisia tabaci for one day 
when subjected to the treatment of neem (Margosan-O). The feeding was resumed the next day [49]. [42] con-
ducted studies on the stabbing behaviour of the parasitoid E. formosa and highlighted that when the host nymphs 
 
Table 2. Sub lethal effects of azadirachtin on the development of egg-larval parasitoid Chelonus oculator.                          

Sex Dose Development time 
(day) 

Longevity  
(day) Emergence ratio Adult dry mass 

(mg) 

♀ LC25 27.23 ± 0.26b 10.23 ± 0.32b 40.43b 1.65 ± 0.002b 

      

 LC50 36.81 ± 0.31a 6.81 ± 0.32c 33.46c 1.60 ± 0.004c 

 Control 21.30 ± 0.33c 18.56 ± 0.37a 53.96a 1.76 ± 0.013a 

♂ LC25 22.65 ± 0.27b 5.91 ± 0.23b 40.43b 1.59 ± 0.003b 

 LC50 31.76 ± 0.31a 5.23 ± 0.21b 33.46c 1.55 ± 0.004c 

 Control 18.70 ± 0.30c 13.63 ± 0.30a 53.96 a 1.68 ± 0.003a 

Modified from [41]. 
 
Table 3. Sub lethal effects of pyrethrum on the development of egg-larval parasitoid Chelonus oculator.                            

Sex Dose Development time  
(day) 

Longevity  
(day) Emergence ratio Adult dry mass 

(mg) 

♀ LC25 35.08 ± 0.41a 8.00 ± 0.27b 33.30b 1.61 ± 0.004b 

 LC50 -  - - 

 Control 21.30 ± 0.33b 18.56 ± 0.37a 53.96a 1.76 ± 0.013a 

♂ LC25 28.88 ± 0.37a 4.11 ± 0.26b 33.30b 1.53 ± 0.004b 

 LC50 -  - - 

 Control 18.70 ± 0.30b 13.63 ± 0.30a 53.96a 1.68 ± 0.003b 

Modified from [41]. 



B. Ndakidemi et al. 
 

 
370 

(Trialeurodes vaporariorum) were subjected to the treatments of naphthoquinones and pyrethrum extracts, the 
botanical insecticides discouraged the adult E. formosa from stabbing into treated nymphs. Also the sublethal 
doses of neonicotinyl insecticide starting around 10 ppb caused bees to lose navigation and foraging skills. It is 
therefore of great importance to investigate more botanical pesticides that cause stabbing and feeding repellency 
on beneficial insects and the ways beneficial arthropods are affected from the botanicals. This will allow for op-
timized and sustainable use of botanical pesticides while avoiding or minimizing side effects on beneficial in-
sects. 

3.2.3. Parasitoid, Predators and Pollinators’ Developmental Impairment 
[48] and [40] reported on sublethal effect of botanical pesticides on predators, parasitoids. [22] showed that the 
malformation in development of the natural enemies caused by these botanical pesticides may result into de-
crease in their parasitism and predation efficiency. [4] unveiled the disorder in internal organs of the larvae and 
adults of the predator Mallada signatus (Neuroptera: Chrysopidae) after being exposed to sublethal doses of bo-
tanical insecticides with azadirachtin. The study on the effects of azadirachtin and pyrethrum on the develop-
ment of the parasitoid Venturia canescens (Hymenoptera: Ichneumonidae) by [40] showed that sublethal doses 
of azadirachtin prolonged the development time of V. canescens from parasitized Ephestia larvae, third and fifth 
instar. The emergence rates of V. canescens from parasitized Ephestia larvae when treated with azadirachtin 
were reduced compared with the control. The adult longevity and dry mass were also significantly reduced 
compared with the control. [45] showed that the body masses of honey bees (A. millifera) decreased for the 
adults that emerged from larvae fed on a diet exposed to andiroba oil, citronella oil, garlic extract, neem oil and 
rotenone. [41] reported on the decrease in body mass and longevity whilst prolonging development time of the 
Braconidae, Chelonus oculator when subjected to azadirachtin at LC50 and LC25 values and pyrethrum at LC25 
value (Table 2 and Table 3). The limited understanding of the developmental impairment of botanical pesti-
cides on parasitoids, predators and pollinators calls for further study to improve pollination and natural pest 
management services provided by these beneficial arthropods’ populations in and around agricultural fields. 

4. Recommendations for Further Studies and Conclusions 
Botanical and synthetic pesticides generate acute toxicity and sub-lethal effects on beneficial insects responsible 
for natural pest control and pollination. The detrimental effects caused by synthetic pesticides have long been 
reported and several strategies are in place including biological pest control. The negative effects posed by bo-
tanicals however, are of more concern as this might limit the effectiveness of biological pest control strategies. 
Botanicals are often categorized as safe and environmentally friendly but their use for insect pests control should 
always be done with caution. Evaluation of the potential risks of the pesticides to non-target organisms is crucial 
in optimizing ecosystem services (e.g. natural pest control or pollination) and consequently better agricultural 
yields. More research is therefore needed to determine the side effects of both botanical and synthetic pesticides 
on predators, parasitoids and pollinators. Most of the detrimental effects especially of the botanicals are based 
on dosage which suggests for more research on the right dosage. It is also important that beneficial insects in a 
particular field environment are studied before investing on a particular pesticide use to allow for precautions as 
to which specific chemical and dosage to use. 
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