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INTRODUCTION 
 

 It is commonly held that tropical and subtropical plants are richer sources of 

defensive allelochemicals than their temperate zone counterparts because the 

pressure from insect herbivores, plant pathogens, and grazing mammals is 

substantially greater in tropical ecosystems.  Indeed, sources of the botanical 

insecticides rotenone (Derris and Lonchocarpus, Leguminosae) and nicotine 

(Nicotiana, Solanaceae) are tropical in origin, but the most widely used botanical, 

pyrethrum (from Tanacetum cinerariorum, Asteraceae), originates from and grows 

best in more temperate climates.   A number of factors together have provided the 

impetus for continued phytochemical exploration of tropical plants in pursuit of new 

botanical (naturally-sourced) insecticides or as agrochemical leads.  These include:   

1) the ‘western discovery’ of the profound insect control properties of extracts from 

the neem tree (Azadirachta indica, Meliaceae) and their commercialization as 

botanical insecticides in India, the U.S.A., and Germany; 2) the continuing belief that 

new pesticides and medicines with fewer detrimental health and environmental 

effects are yet to be discovered from plants; 3) rampant deforestation with resulting 

loss of biodiversity in Old and New World tropical rainforests;  and 4) the hope that 

discovery of valuable non-timber forest products in tropical regions will produce 

competition for logging and justify forest conservation, particularly in developing 

countries. 

 Since the present subject was last reviewed over a decade ago,
1-5 

numerous 

reports on the bioactivity of allelochemicals from tropical trees against insects have 

appeared, but with little commercial exploitation of the source species.  In this 

chapter, I review some recent work on tropical trees from the families Meliaceae, 

Annonaceae, and Myrtaceae, each of which shows promising bioactivity against 

insects, and may be, at the least, suitable for indigenous use as crop protectants, if 

not for harvest, refinement, and export for crop protection in industrialized countries. 

 

SPECIES OF MELIACEAE AS SOURCES OF NATURAL 

INSECTICIDES 
 

 There can be no doubt that interest in the mahogany family (Meliaceae) was 

spurred by the development of natural insecticides from the Indian neem tree, 

Azadirachta indica A. Juss.  This species and its commercial utility has been the 

subject of several international conferences, hundreds of research papers, and at least 

a dozen major volumes.
6-7  

This interest was manifest in the collection and screening 

of more than 100 species from the family for insect bioactivity, with particular 

emphasis on the genera Aglaia and Trichilia.  Even before this, attention had turned 

to members of the genus most closely related to neem, Melia, namely the Asian 

chinaberry tree M. azedarach L. and the East African M. volkensii Gurke. 
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Melia volkensii 
 

This species grows at moderate elevations in Kenya and adjoining east 

African countries.  A crude fruit extract was first recognized as an antifeedant to 

desert locusts over twenty years ago,
8
 but extracts have subsequently been shown to 

be toxic to or interfere with growth of a wide range of insect pests.
9
  At least eight 

limonoids have been isolated from the fruits;  although the putative active 

ingredients from neem seeds, the azadirachtins (1,2), do not occur in M. volkensii, 

other limonoids such as salannin occur in both species.  A major and unique 

constituent, volkensin (3), is an effective antifeedant, but none of the compounds 

isolated shows insect growth regulatory (IGR) activity in the Mexican bean beetle, 

Epilachna varivestis (Fig. 6.1). 

In our hands, a fruit extract of M. volkensii proved to be a potent antifeedant 

and larval growth inhibitor to both the cabbage looper, Trichoplusia ni (Noctuidae) 

and the armyworm, Pseudaletia unipuncta (Noctuidae).
10
  However, unlike the 

armyworm, the looper is capable of habituating to the extract, i.e. feeding deterrence 

diminishes following continuous exposure.
11
 

This fast-growing species begins to set fruit in 4-5 years, and unlike neem, produces 

fruit almost year-round, making it suitable for small-scale regional use in east Africa.  

On the other hand, the complex chemistry and dearth of proper toxicological data 

make it highly unlikely to be developed for use in tightly regulated countries. 

 

Melia azedarach 
 

The chinaberry tree, native to eastern Asia, has been widely introduced and 

cultivated throughout the tropics and subtropics.  Fruit extracts of M. azedarach have 

long been known to have insecticidal activities, in some cases comparable to that of 

neem.
12
  Like M. volkensii, M. azedarach lacks azadirachtins, but fruits produce the 

chemically related meliacarpins (e.g. 4) that have azadirachtin-like bioactivity in 

many types of insect.
13
  Unlike neem, exploitation of chinaberry extracts for crop 

protection has been avoided owing to the presence of meliatoxins (e.g. 5), limonoid 

constituents with demonstrated toxicity to mammals.  However, fruit extracts from 

M. azedarach growing in Argentina lack toxicity in rats, and moreover, contain a 

unique limonoid, meliartenin (6), that has both antifeedant and insecticidal activities 

against a range of insects
14 
(Fig. 6.1). 
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Fig. 6.1:  Chemical structures of natural insecticides in tropical plants.  
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 One form of M. azedarach native to China, is recognized as a distinct species 

(M. toosendan Sieb. & Zucc.) by botanists in that country.  A wide range of bioactive 

limonoids have been isolated from the seeds of this tree, including salannin, 

meliacarpins, and an analogue of volkensin.
15
  The most notable constituent however 

is toosendanin (7), which occurs in the bark at concentrations as high as 0.5%.  A 

semi-refined bark extract containing toosendanin has been commercialized in China 

as a botanical insecticide.  The extract contains a series of analogues of toosendanin, 

all of which have antifeedant effects against insects.
5
 

 

Azadirachta excelsa 
 

Ermel et al.
16
 first reported the insect growth regulatory activity of an extract 

from the seeds of A. excelsa (Jack), as well as the isolation of a novel limonoid they 

called marrangin (8), an analogue of azadirachtin.  Other investigators have isolated 

additional limonoids from the seeds or fruits of this lowland rainforest species, but 

azadirachtin itself appears to be absent.  Random screening of sawdust from 

Malaysian timber species led to the discovery of potent insecticidal activity from one 

species.  Bioassay driven fractionation of the wood extract led to the isolation of 

azadirachtin B (2) and three other azadirachtin analogues, two of which were novel 

(9,10) (Fig. 6.1).
17
  The wood was later determined to be from A. excelsa.  Given that 

crude extracts of A. excelsa stemwood are comparable in efficacy to that of neem 

seed extracts, and A. excelsa has recently been extensively planted in Malaysia as a 

teak substitute, a patent has been issued on the use of wood extracts for insect 

control, and commercialization of a botanical insecticide based on this species 

appears imminent. 

 

Trichilia americana 
 

Earlier systematic screening of the Meliaceae revealed significant bioactivity 

in several species in the genus Trichilia.
1,18-19

  Among these, the Costa Rican species 

T. americana (Sesse & Mocino) Pennington proved particularly inhibitory to the 

Asian armyworm Spodoptera litura.
19
  Methanolic extracts of twigs of this species 

dramatically prolonged larval and pupal development and decreased pupal and adult 

weights at dietary concentrations of 10-75 ppm fresh weight.  More detailed 

investigation of the bioactivity of the extract indicated that the effect was a 

consequence of feeding inhibition alone:  neither topical administration nor 

abdominal injection of the extract resulted in any toxicity, and when armyworms 

were removed from diet with the extract and allowed to feed on untainted diet, 

normal growth ensued.
20
  In a laboratory experiment, cabbage plants sprayed with a 

0.5% methanolic solution of the twig extract were almost completely protected from 

herbivory by 4
th
 instar armyworms for 24 hours (Fig. 6.2).

21
 



TROPICAL FORESTS AS SOURCES OF NATURAL INSECTICIDES 151 

Bioassay-driven fractionation of the extract was performed in an attempt to 

isolate the active principle(s) therein, but was unsuccessful.  The most active fraction 

following preparative HPLC remained chemically complex, and the putative active 

constituents appeared difficult to resolve and present in very small quantities.  Based 

on phytochemical investigations of Trichilia species by others, it is likely that the 

active principles are limonoids related to hirtin.
18
  The genus, which contains more 

than 200 species with its center of diversity in Brazil, retains considerable scope for 

further phytochemical exploration and biological evaluation. 

 

 

 

Aglaia species 
 

Interest in this large tropical genus was stimulated by the discovery of potent 

insecticidal activity in the frequently cultivated Asian species A. odorata Lour.  

Screening and phytochemical studies indicate that numerous other species in the 

genus are biologically active.
22-24

  Bioactivity to insects can be attributed to a series 
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Fig. 6.2:  Larval weight gain and leaf area eaten by 4
th
 instar Spodoptera 

litura on cabbage plants sprayed with a crude twig extract from Trichilia 

americana.  Adapted from reference 21. 
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of highly modified benzofurans related to rocaglamide (11) (Fig. 6.1);  four such 

compounds were originally isolated from A. odorata.
24
  In the decade since then, 

numerous compounds of the rocaglamide-type have been isolated from additional 

species of Aglaia, most of which inhibit insect growth or deter feeding.
25-26

  

Excepting azadirachtin, rocaglamide is the most potent natural insecticide isolated 

from higher plants to date.  The mode of action of rocaglamide is inhibition of 

protein synthesis,
27
 which accounts for its potent but slow action against insects.

28
 

 

SPECIES OF ANNONACEAE AS SOURCES OF NATURAL 

INSECTICIDES 
 

The Annonaceae, or custard apple family, is a large family of predominantly 

tropical trees and shrubs consisting of more than 2300 species.  While certain species 

have enjoyed traditional use as vermifuges and for repelling lice, the broad spectrum 

insecticidal properties of twig extracts of the North American paw paw tree (Asimina 

triloba Dunal.) and seed extracts of the tropical sweetsop (Annona squamosa L.) and 

soursop (A. muricata L.) were only well documented in the past twenty years.
29-30

  

McLaughlin and colleagues in particular have isolated more than 100 acetogenins 

(e.g. 12) (Fig. 6.1) – C-32 or C-34 linear fatty acids containing a 2-propanol unit to 

form a γ-lactone.  These substances, found exclusively in the Annonaceae, are not 

only the insecticidal principles, but also potent anti-tumor agents.  While 

McLaughlin has demonstrated both the efficacy of standardized extracts against pest 

insects and their relative safety to mammals, regulatory costs have prevented their 

commercialization to date.
30  

Acetogenins are mitochondrial poisons, inhibiting 

cellular energy production through a mode of action identical to that of the well 

known botanical insecticide and fish poison, rotenone.
31 

Another approach to the utilization of these natural substances is the 

preparation of crude extracts of sweetsop and soursop seeds in developing countries 

for local use as crop protectants.  For example, these species are widely cultivated in 

eastern Indonesia for the edible fruit and fruit juices they provide; in this case, the 

seeds are simply waste products that could be collected at minimal cost. 

 

Annona squamosa 
 

To determine the feasibility of the above-noted approach, seeds from soursop 

and sweetsop trees were collected in and around Ambon, Indonesia from 1996 to 

1999.  Collections of seeds from different locations and in different years were 

individually extracted in methanol, and their larval growth inhibitory properties were 

evaluated against the Asian armyworm Spodoptera litura.  We observed around 8-

fold variation in bioactivity among samples of sweetsop (A. squamosa) and around 

6-fold variation among samples of soursop (A. muricata).  However, sweetsop seed 
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extracts were, on average, about 20 times more potent than those from soursop 

seeds.
32
  Both geographic and temporal variations were significant (Fig. 6.3). 

 

 

  

 Comparisons of the bioactivity of aqueous emulsions of methanolic seed 

extracts of A. squamosa with direct aqueous seed extracts indicated that the former 

are approximately 20 times more potent to 1
st
 instar cabbage loopers (Trichoplusia 

ni) and 10  times more potent to 1
st
 instar diamondback moth larvae (Plutella 

xylostella).  Moreover, the latter insect is 13-25 times more susceptible than the 

former.
33
   

Based on these results, we tested the efficacy of aqueous emulsions and direct 

aqueous extracts against diamondback moth larvae on cabbage plants in a 

greenhouse trial.  Aqueous emulsions of seed extract as low as 0.5% concentration 

produced >80% larval mortality, and were superior to the use of 1% rotenone dust, a 

commercial botanical insecticide.  An aqueous extract at 7.5% concentration 

produced >90% larval mortality, comparable to that obtained with 0.1% pyrethrum, 
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Fig. 6.3:  Growth inhibitory effect of crude seed extracts of sweetsop 

(Annona squamosa) from different locations in Indonesian and years of 

collection on neonate Spodoptera litura.  N =  Namlea (1996-1999); 
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another commercial botanical product.
34
  Overall, these results suggest that crude 

local preparations based on sweetsop seeds could be effective as low cost crop 

protectants where the seeds are readily available. 

 

CLOVE (MYRTACEAE) AND OTHER ESSENTIAL OIL-BEARING 

PLANTS AS SOURCES OF NATURAL INSECTICIDES 

 
The most recent group of botanical products that have seen some commercial 

success as insecticides are the plant essential oils.  Though some of these have 

traditional uses dating back decades, if not longer, commercialization has only taken 

place in the past 7-8 years.  Plants producing essential oils that have been exploited 

for insect control include a number of herbs, most notably from the mint family 

(Lamiaceae), such as garden thyme (Thymus vulgaris L.), rosemary (Rosmarinus 

officinalis), and various species of mint (Mentha spp.).
35-36

 

Other important sources are tropical trees, notably clove (Syzygium 

aromaticum [L.] Merr. et Perry, Myrtaceae) and cinnamon (Cinnamomum 

zealanicum Blume, Lauraceae).  The phenyl propene, eugenol (13), is the major 

constituent of essential oils obtained from both clove buds (90+%) and clove leaves 

(45-60%), and is the active ingredient in a number of home and garden insecticides.  

It is particularly useful in this application owing to its rapid knockdown action on 

flies and crawling insects, including cockroaches, but is toxic to a range of 

agricultural pests as well.
37
  Interestingly, eugenol is also widely used as an 

anaesthetic in fish research, and at high rates, as a broad spectrum natural herbicide.  

Essential oils prepared from cinnamon bark are rich in cinnamaldehyde (14), a 

substance with a number of useful biological actions.  Products based on cinnamon 

oil have proven useful in the control of greenhouse pests and the fungal plant disease 

powdery mildew, but phytotoxicity has been a concern in commercial greenhouses 

growing ornamental plants.  The long-standing cultivation of cloves and cinnamon in 

Southeast Asia and their worldwide use as culinary spices has led to their ready 

availability and relatively low cost, attractive features for their development and 

marketing as natural pesticides.  Evaluation of essential oils prepared from related 

species of Syzygium and Cinnamomum for their pest control properties would appear 

to have merit.  Finally, essential oils from Eucalyptus species (Myrtaceae), rich in 

the monoterpene 1,8-cineole (15), may have potential for exploitation as natural 

insecticides based on recent reports.
38
  Evidence for this comes from the fact that the 

essential oil of rosemary (Rosmarinus officinalis, Lamiaceae) is the active ingredient 

in two botanical insecticides currently used in the United States (Hexacide
TM

 and 

Ecotrol
TM

), and 1,8-cineole typically makes up approximately 50% of rosemary oil 

by weight (Fig. 6.1). 
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COMPARATIVE BIOACTIVITY OF SELECTED EXTRACTS 

AGAINST NOCTUID CATERPILLARS 

 
Although all of the aforementioned plants have been demonstrated to produce 

extracts or oils with pronounced bioactivity against insects, few laboratories use the 

same insect species or employ the same bioassay protocols making direct 

comparisons of bioactivity impossible.  Thus, my colleagues and I undertook a series 

of experiments in my laboratory to directly compare the efficacy of a number of 

botanical preparations against two important agricultural pests, the cabbage looper 

Trichoplusia ni and the true armyworm Pseudaletia unipuncta.  To evaluate toxicity 

and growth inhibitory activities, neonate larvae of each species (n = 20) were placed 

on leaf discs (1.77 cm
2
; cabbage for the looper, canary grass for the armyworm) 

treated with 10 µl (5 µl each side) of an aqueous emulsion of each botanical at 

concentrations of 0.25, 0.5, 1, or 2%.  The botanicals tested in the experiments are 

listed in Table 61.  Larvae were allowed to feed on the discs for 3 days, after which 

those surviving were placed individually on artificial diet and allowed to feed for a 

further 4 days.  Larvae were weighed after the 7
th
 day as a measure of larval growth. 

To measure feeding deterrence directly, 3rd instar larvae of both species were 

offered leaf discs treated with the test botanicals in a leaf disc choice test described 

elsewhere.
10
 

 

Table 6.1:  Botanical extracts tested for toxicity, larval growth inhibition and 

feeding deterrence in the cabbage looper and true armyworm. 

 

Plant Type of Extract Active ingredient(s) 

Annona squamosa  

  (sweetsop) 

Crude MeOH extract of seeds Acetogenins  

(eg. squamocin-I);  

content unknown 

Azadirachta indica 

  (neem) 

Refined extract of seeds Azadirachtin (31%), 

azadirachtin B (6%) 

Azadirachta excelsa 

  (sentang) 

Crude MeOH extract of 

stemwood 

Azadirachtin analogues;  

content unknown 

Melia toosendan  

  (syn. M. azedarach) 

Crude extract of bark Toosendanin (3%) and 

limonoid analogues 

Melia volkensii Semi-refined extract of seeds Mixture of limonoids;  

content unknown 

Ryania speciosa Dust containing powdered 

stemwood (50%) 

Ryanodine (0.05%) and 

related alkaloids 

Syzygium aromaticum 

  (cloves) 

Essential oil of leaves 60% eugenol 

Trichilia americana Crude MeOH extract of twigs Unknown (limonoids?) 
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Extracts from both Azadirachta species and from Melia volkensii strongly 

inhibit early larval growth in both noctuid species, although the armyworm 

(Pseudaletia) is somewhat less susceptible (Table 6.2).  In terms of insecticidal 

action, neem is most effective against the looper (Trichoplusia), whereas M. 

volkensii is most effective against the armworm.  Extracts of Ryania speciosa wood 

were less active than the meliaceous species, but the level of active principle 

(ryanodine) is known to be low in this material (Table 6.1).  The bark extract of M. 

toosendan was the least active in our bioassays, although this was expected in that 

the level of toosendan is rather low (3%), and this compound in purity is 

significantly less active than the azadirachtins found in neem (A. indica) and sentang 

(A. excelsa). 

With respect to feeding deterrence in older larvae, the M. volkensii extract 

proved to be the most potent against the looper, whereas the neem extract was the 

most potent against the armyworm (Table 63).  The sentang extract was somewhat 

less active against both species, but all of these were substantially more active than 

the other three extracts. M. toosendan and clove leaf oil (Syzygium) equally deterred 

both noctuid species, and were somewhat comparable in activity.  Ryania was 

relatively ineffective as a feeding deterrent. 

 

 

 

Table 6.2:  Toxicity and growth inhibition by selected plant extracts in  

two species of noctuid caterpillars. 

 

 Trichoplusia ni  Pseudaletia unipuncta  

 LC50 (%)* EC50 (%)** LC50 (%)* EC50 (% )** 

     

Annona squamosa << 0.10 << 0.10 -- -- 

Azadirachta indica << 0.10 << 0.10 0.83 << 0.10 

Melia volkensii 0.15 << 0.10 0.61 0.24 

Azadirachta excelsa 0.21 << 0.10 >> 2.0 0.40 

Trichilia americana 0.12 0.52 -- -- 

Ryania speciosa 0.35 0.65 0.88 >> 2.0 

Melia toosendan >> 2.0 -- ~ 3.0 ~ 2.3 

 
*concentration causing 50% mortality, and  **concentration causing 50% growth inhibition;  

both shown as % aqueous concentrations of extracts applied to leaf discs fed to neonate 

caterpillars for three days;  larval weight and survival determined after seven days altogether 
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Table 6.3:  Feeding deterrence by selected plant extracts in two species  

of noctuid caterpillars. 

 

 Trichoplusia ni  

DC50 (µg cm
-2
)* 

Pseudaletia unipuncta 

 DC50 (µg cm
-2
)* 

   

Azadirachta indica 21.9 0.6 

Melia volkensii 5.8 10.8 

Azadirachta excelsa 36.7 46.9 

Ryania speciosa 725 400 

Melia toosendan 288 249 

Syzygium aromaticum 217 206 

 
* concentration causing 50% feeding deterrence  

 

 

 

SUMMARY 
 

Numerous investigations worldwide have demonstrated that certain species 

of tropical trees produce phytochemicals with potent bioactivities against insects.  A 

mere handful of these species have been exploited in the commercial development of 

botanical insecticides for crop protection, largely because bioactivity to target pests 

is only one of many criteria that must be satisfied for commercial development to be 

feasible.  Other equally (if not more) important criteria are the availability of the 

needed starting biomass on a sustainable basis, modest cost of extraction and 

refinement, and stability of the active principles upon storage of the extract.  

Stringent regulatory requirements and the costs associated with meeting those 

requirements preclude access of many botanicals to the most lucrative markets in 

Europe and North America. 

Among the botanicals discussed here, only neem has seen commercial 

success in North America, and that success has been limited.  Yet the same factors 

that limit the introduction and success of botanical insecticides in highly 

industrialized countries should enhance their adoption in the developing countries 

where many of the source species grow.  Many of the species discussed here are 

more suitable for local development and use in tropical countries where issues of 

standardization and stability are less critical than those of absolute cost.  Annona 

squamosa is a good example of this; in rural Indonesia the starting material (seeds) is 
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widely available at little cost, and a crude extract can be effective as a crop 

protectant.  The same is probably true for Melia volkensii in its native East Africa. 

At the other end of the availability spectrum, plant essential oils (viz. clove, 

cinnamon, eucalyptus) are currently exploited for other uses (in aromatherapy and as 

herbal remedies, or as flavorings) and, therefore, the infrastructure for their 

production is already in place, reducing their prices on the global market.  Use of 

plant essential oils as pesticides at this point is in its infancy. 

That so few botanical insecticides discovered or developed in the past 25 

years have become established in the marketplace should not lessen our quest for 

additional botanical sources of phytochemicals with potential use in crop protection.  

Screening studies repeatedly confirm that the probability of finding additional 

species with useful bioactivity is high.  We are surely more limited by scientific 

resources needed to characterize active principles and demonstrate their bioactivities 

than by the actual numbers of species in tropical forests suitable for use that remain 

to be investigated.  It is my sincere hope that we have time to study these species 

before they are lost forever. 
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