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Botanical Insecticides and Antifeedants : 
New Sources and Perspectives

Murray B. Isman
Department of Plant Science, University of British Columbia, Vancouver V6T 1Z4,

Canada

Although hundreds of plant natural products (allelochemicals) have demonstrated deleterious effects
on insects in laboratory bioassays, only a handful of botanical insecticides are currently approved for
use in industrialized countries. Two main factors may account for this dichotomy. Firstly, insecticide
discovery often relies on bioassays which focus on acute toxicity; as a consequence, important sublethal
or chronic effects may be completely overlooked. Secondly, commercialization of botanical preparations
for insect control may hinge more on practical concerns (e.g. availability of large quantities, manage- / 
ment of chemical variability) than on biological ones (e.g. efficacy, favorable non-target toxicity). An-
tifeedants continue to attract considerable interest in the research community, but their utility for insect
control remains questionable. Potential problems with antifeedants as crop protectants (e.g. interspecific
variation) are discussed. However, recent studies suggest that many allelochemicals described as an-
tifeedants in the literature may have a broader range of physiological effects on insects. A more com-
prehensive program of bioassays used in the screening of plant extracts or isolated compounds may
help uncover new plant material that have the potential to be developed into botanical insecticides,

KEY WORDS : Botanical insecticides, antifeedants, insect growth regulators

While advances in biotechnology hold
promise for the genetic engineering of

plants, insects and microorganisms with the
ultimate goal of crop protection, most ex-
perts agree that it will be at least two
decades before these technologies complete-
ly displace pesticides. Until then, pesticides
will remain the cornerstone of integrated
pest management, althought changing con-
sumer demands and the increasing atten-
tion to environmental protection and
preservation may render many long-stand-
ing pesticides no longer acceptable. Pest
control products generated in the 1990's
will require improved safety and environ-
mental profiles, in terms of safety to both
the user and consumer of treated crops1.
These products also need to be compatible
with biological control agents to ensure
their place in integrated pest management.

Botanical insecticides could to a large ex-
tent meet the demands for safe and environ-

mentally-sound crop protectants. Existing
and previously used commercial botanical
pesticides vary widely in their vertebrate
toxicity, and we cannot assume safety until
demonstrated conclusively by laboratory
testing on animals. However, some botani-
cals show vertebrate selectivity comparable
to the safest synthetic products. On the
other hand, all botanicals can be charac-
terized as environmentally non-persistant,
and therefore are unlikely to result in en-
vironmental damage. Also, most botanicals
are described as "stomach poisons" indicat-
ing that they lack contact toxicity but in-
stead must be ingested by the target pest to
be effective. The advantage therein is that
natural enemies (which are not phyto-
phagous), will not acquire a toxic dose by
merely contacting foliar residues, as can
readily occur with potent synthetic insec^
ticides such as the modern pyrethroids.

At present, only two botanical insec-
ticides enjoy worldwide acceptance and use:
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12 Murray B. Isman

pyrethrum and rotenone. Pyrethrum,
though containing neurotoxic esters with
good contact action, is relatively safe to ver-
tebrates and is rapidly broken down in the
environment. Rotenone, in contrast, is rela-
tively toxic to vertebrates (rat toxicity is
comparable to that of DDT), and although
it too is degraded in the environment, its'
extreme toxicity to fish limits its' use near
waterways. Numerous other traditional
plant preparations are in local use (e.g.
ryania, sabadilla, quassia),2,3 but none of
these are likely to be further developed for
widespread use in industrialized countries.

Neem (Azadirachta indica) represents the
leading edge of a new wave of botanical in-
sect control products4. It satisfies almost all
of the desirable criteria for a pesticide:
broad spectrum of action against pests, min-
imum disruption of natural enemies, no ap-
preciable vertebrate toxicity or phytotoxicity,
rapid environmental breakdown, and avail-
able from a regionally abundant, renewable
resource. The active principle of neem,
azadirachtin, has probably been subjected to
more studies in insects than any other plant
natural product to date5"7. Certainly no
other natural insecticide has been the focus
for as many international conferences and
symposia as has neem. In spite of this ac-
knowledged acceptance in the research
community, commercial acceptance of
neem, at least in North America and
Europe, is still in its' infancy. Two U.S. com-
panies (W.R. Grace, Agridyne Technologies)
have neem-based insecticides approved by
the Environmental Protection Agency; one
of these products (Align™, Agridyne) is ap-
proved for use on food crops. A Canadian
company (PheroTech) has a neem insec-
ticide which will enter the registration
process in 1994. In spite of the years of neem
research in England and Germany, there are
no neem products under development for
use in western Europe. Nonetheless, com-
mercial success of neem, at least in North

America, will to a large extent dictate the
future for other botanicals to follow.

Acute toxins, growth regulators and
growth inhibitors

Plant natural products isolated and iden-
tified to date number in the thousands, and
increasingly, newly discovered natural
products are being routinely subjected to
bioassay in the search for new pharmaceuti-
cals. To a lesser, but no less significant ex-
tent, these compounds are finding their way
into the hands of entomologists with the
result that we now know of hundreds of
plant chemicals that are deleterious or at
least behaviorally deterrent to one or more
species of insect. As one ecologist recently
stated, "Demonstrating that plant secon-
dary compounds are toxic, repellent, or
growth-inhibiting to herbivores has become
a minor industry supporting professional
ecologists"8. Why then are there so few
botanical insecticides in widespread use or
in the final stages of commercialization?

I believe that one of the reasons behind
this traditional dichotomy between science
and practice has been the industry focus on
acute insecticidal action. Because most
conventional chemical screening is based on
bioassays of acute toxicity (with mortality
most often observed at 24 or 48 hours9), we
have tended to select substances which are
the most potent and rapid in action. It
should not be surprising then, that all
botanical insecticides in current use, save
neem, are neurotoxins or muscle poisons.
Unfortunately, because of similarities in
vertebrate and insect neuromuscular
physiology, toxins relying on these modes-
of-action tend to be inherently toxic to
warm-blooded animals, and selectivity
must depend on differences in phar-
macokinetics and detoxicative metabolism.

In contrast, chemically-mediated insect-
plant interactions in nature are far more
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Botanical Insecticides and Antifeedants 13

subtle. Most plant defensive chemicals (i.e.
allelochemicals) discourage insect herbivo-
ry, either by deterring feeding and oviposi-
tion or by inhibiting larval growth, rather
than by killing insects outright. Thus, the
search for botanical insecticides with bioac-
tivity comparable to that of synthetic
neurotoxic insecticides is a search for
biological exceptions. In my laboratory, one
standard bioassay is based on the growth of
neonate noctuid larvae (e.g. Peridroma saucia, 
Spodoptera litura) on artificial diets in which
plant extracts or pure compounds are incor-
porated. By this means, we have docu-
mented larval growth inhibition by a wide
range of plant natural products and plant
preparations, yet none of these materials
have rapid contact toxicity of the type seen
with application of pyrethrum. At propor-
tionally higher concentrations, substances
which are profoundly inhibitory to growth
result in larval mortality, but this is likely a 
consequence of starvation (from absolute
feeding deterrence) rather than toxicity per 
se. Usually this effect is only seen at con-
centrations 5-10 times higher than that
resulting in 50% inhibition of larval growth,
relative to control larvae (i.e. the dietary
EC50 value is 5-10 times lower than the
dietary LC50.

One can envision how a potent growth
inhibitor could act as a crop protectant:
prolongation of the larval stage of a pest in-
sect will accentuate the natural hazards to
which the pest will be exposed, both biotic
and abiotic. Life table studies with noctuids
indicate that 80% of larval mortality occurs
before the third instar, and cage exclusion
experiments confirm that natural enemies
(parasitoids and predators) account for
much of this mortality. Furthermore, pest
larvae impaired by a growth inhibitor may
be forced to spend more of their time sear-
ching for acceptable food, thus increasing
their vulnerability to both natural enemies

and climatic factors. Finally, as mortality
would result from several causes, selection
for resistance to the growth inhibitor would
be diffused.

Even in cases where a single dose of a 
plant toxin results in significant mortality,
a 24 or 48 hour observation period may be
insufficient to observe the full extent of
toxicity. Two recent examples from my
laboratory illustrate this point. Azadirach-
tin, administered topically to fifth instar
nymphs of the migratory grasshopper
(Melanoplus sanguinipes) at 5 ug/g, causes no
discernable effects through the 7-day course
of the instar, but more than half the treated
nymphs ultimately die in a failed molt to
the adult stage10. We recently isolated the
highly-subtituted benzofuran, rocaglamide,
as the insecticidal principle of the ornamen-
tal shrub Aglaia odorata (Meliaceae)11. This
compound, following topical administra-
tion, has an LD50 in fourth instar variegated
cutworms (Peridroma saucia) of 0.32
ug/larva12. However, all treated larvae
remain alive at 24 hours; mortality does not
become apparent until at least 72 hours, and
is not fully manifested until 4-5 days. Thus,
bioassay of these two compounds based on
a 24 or 48 hour assessment of mortality
would have completely overlooked their
profound bioactivity.

Antifeedants

The concept of using non-toxic feeding
deterrents (antifeedants) has attracted con-
siderable attention ever since the striking
antifeedant effects of azadirachtin was first
documented in the desert locust (Schistocer-
ca gregraria)™. Antifeedants have been the
subject of several recent reviews14,15, but
there have been very few attempts to
demonstrate their potential utility for crop
protection16.
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14 Murray B. Isman

Some authors apply a very liberal defini-
tion for an antifeedant, namely, any sub-
stance which reduces consumption by an
insect. However, I propose a more restric-
tive definition: a peripherally-mediated be-
havior-modifying substance (i.e. acting
directly on the chemosensilla) resulting in
feeding deterrence. This latter definition
thus excludes chemicals which might sup-
press feeding through centrally-mediated
effects. For example, topical application of
rocaglamide to cutworms results in marked
feeding suppression12. Clearly, this is an
anorexic effect, which could be a conse-
quence of an action on either the insects
central nervous system (e.g. the feeding
centre in the suboesophogeal ganglion) or
on the alimentary canal. Azadirachtin
produces a similar overall effect on con-
sumption17, as do several other allelochemi-
cals. It has even been suggested that plants
can 'psychomanipulate' insects by interfer-
ing with information processing in the
central nervous system18. Recent studies
have revealed that certain germacranolide
sesquiterpene lactones isolated from cul-
tivated sunflower as antifeedants to root-
worms (Diabratica virgifera also produce,
upon injection, neurotoxic symptoms con-
sistent with that of a y- aminobutyric acid
(GABAA)-gated chloride channel an-
tagonist19. A picrotoxinin-like receptor ap-
pears to mediate both the antifeedant effects
in the gustatory sensilla and the central
toxic effects of these sesquiterpene lac-
tones20.

Unfortunately, antifeedants have a num-
ber of drawbacks as crop protectants, al-
though azadirachtin is an outstanding
exception, most antifeedants might lack any
appreciable systemic action in plants. As a 
consequence, within one or two days after
application, pest insects may be diverted to
feeding preferentially on the growing tis-
sues of plants, which would be unprotected.

Even if plant growth is very slow, the an-
tifeedant may lose its' ability to protect
foliage, not because of inadequate persis-
tance of the chemical on foliage, but because
the pests may habituate to the antifeedant.
Because the sensitivity of insect chemo-
sensilla can decline markedly with exposure
to a particular stimulus21,22, the protectant
action in the field could be very short-lived.

From the industrial perspective, the
greatest problem with antifeedants is the
specificity, or perhaps better stated, inter-
specific differences among pests with
respect to sensitivity. Azadirachtin again
provides a case in point. Owing to its out-
standing antifeedant activity against the
desert locust (EC50 = 0.05 ppm), we ex-
pected a comparable level of activity against
the migratory grasshopper, a major pest of
cereal crops and rangeland in North
America. To our surprise, this species was
completely insensitive (ECso > 1000 ppm)10.
However, the insect growth regulatory
(molt disrupting) effects of azadirachtin in
the two species are comparable.17 When
azadirachtin was added to an artificial diet,
there were no significant differences in the
degree of growth inhibition between the
species (EC50 = 0.12-0.24 ppm.). In contrast,
there were highly significant differences in
feeding deterrency. In a diet choice test
employing second instar larvae, only two of
the six species of noctuids were deterred
from feeding on diet at a concentration that
would result in severe inhibition of growth
(0.40 ppm). In a leaf-disc choice test em-
ploying fourth instar larvae, ECso values
varied more than 30-fold, with spodoptera 
litura the most sensitive, and Actebia fennica 
the least. The salient point is that inter-
specific behavioral responses to allelochemi-
cals appear far more plastic than do
physiological effects.

This last point was also well demonstra-
ted by a collaborative study in my
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Botanical Insecticides and Antifeedants 15

laboratory in which we tested 14 allelo-
chemicals for bioactivity against two species
of noctuids Peridroma saucia and Mamestra 
configurated. All of the compound tested
were potent antifeedants to stored product
coleopterans24. However, based on leaf-disc
choice tests, only three of the 14 compounds
were significant antifeedants for Peridroma. 
On the other hand, the same three were also
significant growth inhibitors following topi-
cal application to fourth instar larvae.
Toxicity of one of the compounds, the
sesquiterpene bisabolangelone, was con-
firmed by topical application to the
milkweed bug nymphs, Oncopletus fasciatus. 
These results indicate that screening and
evaluation of plant natural products based
on their antifeedant effects alone may easily
overlook physiological effects which could
prove to be even more important and
potentially useful.

Although behavioral effects of plant
natural products should not be overlooked,
I recommend a bioassay strategy which
focusses primarily on the physiological ac-
tions against insects. This strategy would in-
clude bioassays with endpoints for growth
inhibition, growth disruption (IGRs), and
acute toxicity. Incorporation of plant ex-
tracts, fractions there of, or isolated com-
pounds into artificial diets is a convenient
means of assessing larval growth inhibition,
but because any bioassay where insects are
orally exposed to test substance does not
discriminate between growth inhibition
mediated by behavioral deterrence (i.e. an-
tifeedant effects) and that resulting from
post-ingestive toxicity (physiological ef-
fects,) positive results need to be confirmed
by a separate bioassay (e.g. topical applica-
tion) where the results cannot be con-
founded by feeding behavior. Significant
contact toxicity will also be expressed in the
diet incorporation bioassay (as high mor-
tality in the first or second day), and can

then be confirmed by other bioassays using
other routes of administration (e.g. topical
application, or application to glass sur-
faces25). Growth regulatory activity can
sometimes be missed in a diet study using
small lepidopteran larvae, and for that
reason, we routinely test for molt disruption
using the Tenebrio pupal bioassay26, or topi-
cal application to last instar Oncopeltus 
nymphs27. Both of these latter insects are
relatively easy to maintain in the laboratory,
and are very sensitive to endocrine disrup-
tion.

New sources for botanical insecticides

Tropical plants remain a vast, virtually
untapped source of potentially useful
phytochemicals. However, random screen-
ing of plants from a particular region is not
likely the most efficient strategy for the dis-
covery of new sources of bioactive com-
pounds. While many plant families have
not been investigated to date, previous
screening efforts point to particular families
where the probability of finding species
with bioactivity against insects is enhanced.
Of these, the mahogany family (Meliaceae),
to which neem belongs, appears to be a rich 
source28,29. In addition to Azadirachta, a con-
siderable number of insect growth
regulators and antifeedants have been iso-
lated from the genera Melia and Toona by
Kraus and co-worker30.

The Meliaceae consists of approximately
50 genera and 500 species31. As many of
these genera had not been investigated pre-
viously, we conducted a systematic inves-
tigation in which we screened over 75
species representing 25 genera of Meliaceae
collected by us and collaborators through-
out the Indo-Malaysian region and Central
America. All of our extracts were screened
for growth inhibitory activity against the
variegated cutworm (Peridroma saiicia, a 
highly polyphagous noctuid that we
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16 Murray B. Isman

consider a conservative bioassay species. In
addition, all of our Central American ex-
tracts have also been screened against the
European corn borer (Ostrinia nubilalis)32.
Our initial screening concentration is 0.2%
fresh weight of extract in artificial diet
(= 2000 ppm). When bioassay-driven frac-
tionation results in the isolation of pure con-
stituents, these are screened at a dietary
concentration of 50 ppm.

In our survey, we uncovered strong
bioactivity (80% inhibition of larval growth
at 0.2% fwt) in six genera, and one related
genus outside of the Meliaceae. Three of
these six {Turrea, Chisocheton, Didymocheton) 
had not been previously screened for bioac-
tivity against insects. Our investigation,
combined with studies by other laboratories
indicate to date that at least ten families
within the Meliaceae are fruitful sources of
phytochemicals bioactive in insects33. We
focussed largely on two genera, Aglaia and
Trichilia. Of 19 species of Aglaia screened,
more than a third were significantly bioac-
tive34, while six of 11 species of Trichilia 
were very active35. Given that these two
genera each consist of more than one
hundred species, there obviously remains
considerable scope for discovery of addi-
tional insecticidal species in these genera
alone.

Following several unsuccessful attempts,
our colleagues in Thailand were able to iso-
late the active principle from A. odorata and
identify it as the highly substituted benzof-
uran, rocaglamide1, previously isolated as
an antileukemic agent from the closely re-
lated A. elliptica. Further phytochemical in-
vestigation led to the isolation of three
additional analogues, all of which are insec-
ticidal36. We are currently attempting to iso-
late the active principles from species of
Chisocheton and Trichilia. 

Even though there are numerous plant
species that show promising bioactivity
against insects, the majority of these are un-

likely to serve as the starting point for a 
botanical insecticide. Why? Whenever in-
dustry becomes engaged in discussions of
prospective botanicals, the first question
asked is: how abundant and dependable is
the supply of plant material? Commercial
development is not feasible unless tonne
quantities of plant material can be readily
sourced, immediately limiting plant species
to those which are readily abundant in na-
ture, or those which can be readily propa-
gated and cultivated, and from which the
desired tissue can be harvested in a non-
destructive manner (i.e. a sustainable
resource). Obviously, neem meets these
criteria well, but it may represent a biologi-
cal exception.

A completely different strategy involves
investigating industrial byproducts from
the agrifood and forest industries, where
starting material is already available in
quantity, often at minimal cost. For ex-
ample, seeds are waste products of the fruit
juice industry; at least two botanical insec-
ticides could be developed from this re-
source. The isolation of insecticidal
acetogenins from the seeds of soursop and
sweetsop (Annona spp.) is well estab-
lished37, as is the isolation of antifeedant
limonins from grapefruit seed38. The lumber
industry produces enormous quantities of
woodwaste and sawdust. Given that certain
species of Meliaceae are harvested for tim-
ber throughout the tropics (e.g.Cedrela, 
Swietenia, Entandrophragma, Khaya), it may
be possible to obtain large quantities of
limonoids from this resource. Our screening
of crude extracts from wood samples col-
lected at sawmills in Malaysia and In-
donesia suggests that timber species in
other tropical plant families may also yield
extractives which might be developed as
crop protectants.

Several botanical materials with potential
for commercialization as insecticides and
antifeedants have been recently reviewed14.
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Summary and recommendations REFERENCES

Tropical plants provide fertile ground for
the phytochemical prospector. In turn,
newly identified phytochemicals may have
striking bioactivity against insects, with
novel modes-of- action. To take best ad-
vantage of this rich resource, an active
partnership between the chemist and en-
tomologist is required. The entomologist is
responsible for conducting reliable,
reproducible bioassays with clearly defined
endpoints, to guide the phytochemist in his
effort to isolate active principles from the
plant under investigation. If the chemist is
successful, then the entomologist must en-
sure that the full extent of bioactivity is
determined for each substance isolated, by
conducting a broad range of bioassays, in-
cluding those specifically designed to
measure sublethal growth inhibition or in-
sect growth regulatory effects in addition to
contact toxicity.

While it is conceivable that the discovery
of a new insecticidal natural product from
a rare plant could serve as the lead for syn-
thetic chemistry, and this philosophy is
widely touted in the agrochemical industry,
there are hardly any examples, apart from
the pyrethroids, of commercial insecticides
that can trace their origins directly to a plant
natural product. It may therefore be more
profitable for researchers to place more em-
phasis on the search for bioactive com-
pounds from plant material available in
abundance, such as waste products and
byproducts from the food and forestry in-
dustries.
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