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Impact of natural products on the physiology of phytophagous insects
B P SAXENA and K TIKKU
Division of Insect Physiology, Regional Research Laboratory, Jammu Tawi 180001,
India
AbstracL The influence of naturally occurring toxic substances of plants such as
alkaloids, rotenoids, antifeedants, growth inhibitors. hormone analogues, sterilants and
antigonadial agents, on the physiology of some phytophagous insects is discussed.
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1. Introduction
Insects have developed a variety of strategies in the guise of toxic molecules along
with an appropriate delivery mechanism to face varied encounters in nature. The
success of these natural weapons depend on the ways in which inbuilt mechanisms
have been devised for synthesizing all sorts of molecules that are effective either on
a specific target or act as general shoot out signals. Majority of these compounds
act by interfering in the normal signalling mechanism of the nerve cells i.e.
basically in the manner similar to the modem insecticides like the DDT and
pyrethroids that interrupt the membrane permeability of cells due to an effect on
bound proteins. Leads of similar nature have resulted in the industrial synthesis of
many compounds that have their base in naturally occurring toxins like eserine,
nereistoxin and pyrethrum etc. but unfortunately even after about 49 years of the
discovery of DDT, out of about 200 synthetic insecticides discovered, the structure
of only a few is based upon the clues provided by nature. The generally
projected view is to discover the mode of action of natural products on pests
including the insects so that synthesis is directed towards environmentally safe and
commercially viable compounds that will lower down the populations of pests of
agriculture and of vectors of diseases.

2. Toxic substances
2.1

Alkaloids and glycosides

These compounds have been found to exhibit some physiological action on the
animals and are toxic to the man as well as to the insects. Though instances of
alkaloids/glycosides being utilized or stored by some specific feeders like the
Monarch butterfly (that stores cardiac glycosides to deter the predatory birds)
(Roeske et al 1976) and Creatonotos moth (that utilizes the pyrrolizidine alkaloids
of plants for synthesizing its pheromone) (Schneider et al 1982) are available but
these compounds in general are very toxic to the insects and one of the first
pesticides used by the man was the alkaloid nicotine from the tobacco plant
Nicotiana tabacum L. A comprehensive review of this category of compounds has
been published by Levinson (1976).
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2.2 Pyrethrum
This insecticide belongs to the first generation of insecticides and was isolated from
the plant Chrysanthemum cineariaefolium (Casida 1973). Because of its property of a
high toxicity against insects and negligible toxicity against the man and other warm
blooded animals, it gained much popularity. However, due to its high degradation
rate in the atmosphere especially in the presence of light, the use of pyrethrum was
limited to the control of mainly the household pests. With the synthesis of
pyrethrins and permethrin, more stability has been achieved in this group of
compounds (Elliot 1977).

2.3 Rotenoids
These active components from Derris and Tephrosia are toxic to the insects and the
fish. The active ingredients rotenone and deguelin are powerful insecticides but all
species do not contain rotenoids (Marini Bettolo and Delle Monache 1975).

2.4 Ryanodine
This active principle from the woody portion of the south American shrub Ryania
(family; Flacourtiaceae) is a complex substance (Wiesner et al 1967) used for the
control of insects in the fields.
3. Andfeedants
These chemicals preventing insect attack belong to a large family of compounds
most of which act specifically against specific insects and only a few have universal
application. Many uncommon amino acids, found generally in seeds and preventing
the attack of beetles and other insects (Bell 1977, 1980), non-hydrolysable tannins
(flavanotannins) and cyanogenetic glycosides belong to the latter category. Such
amino acids may also be present in the leaves and rhizomes of some plants.
Much work has been done on canavanine (2-amino-4-guanidinoxybutyric acid),
the amino acid present in the seeds of several species of plants e.g. Gymonocladus
dioicus and D. megacarpa. The compound mimics arginine and is toxic to the insects
and mammals on hydrolysis to L-canaline (figure 1) which acts as a neurotoxin.
However, the bruchid beetle Caryedes brasiliensis can attack Canaoalia seeds as its
~H

~H2

H2N-C-NH-O-CH2-CH2-CHC02H

L-Canavanine

L-Canaline
Figure I.

Natural products impact on phytophagous insects

187

enzyme system is capable of breaking canavaline (Rosenthal et al 1978).
Experimentally it has been shown that uncommon amino acids act as general
antifeedants for Locusta, Schistocerca gregaria and Chortoicetes terminifera (Marini
Bettolo 1983). Certain other feeding inhibitors from plants like Parabenzoin
tribolium, Clerodendron tricotomum, Orixa japonica and Angelica japonica are
known (Wada and Munakata 1971) while antifeedant activity has been seen in the
oils of lsocoma wriqhtii and Mentha pulegium (Zalkow et al 1979). Some other
plants having antifeedant properties worth mentioning are Warburgia ugandensis
and W. stuhlmannii (Kubo and Ganjian 1981), Artemisia capillaris (Yano 1983),
Catharan thus roseus (Meisner et al 1981), Physalis; Withania and Nicandra sps.
(Ascher et al 1981), Encelia (Isman and Proksch 1985) and Ajuga sps. (Belles et al
1985). The steroidal alkaloid conessine from Holarrhena antidysenterica acts as an
antifeedant for Spodoptera litura and Pieris brassicae (Saxena and Tikku 1988) while
the alkaloids of Adhatoda vasica viz. vasicine, vasicinol, vasicinone, deoxyvasicine
and deoxyvasicinone, deter feeding of Aulacophora foveicollis and Epilachna
oiqintioctopunctata (Saxena et al 1986). Azadirachtin· from Indian neem tree
Azadirachta indica, is a most versatile antifeedant and also exhibits many other
physiological activities.
.
4. Growth inhibitors
Some terpenoids of sunflower e.g. kaurenoic and trachylobanoic acids inhibit
larval growth (Elliger et al 1976) while others e.g. carvacrol, eugenol, famesol and
geraniol inhibit the embryonic development (Mehta 1979) of insects. Some of the
other phytochemicals acting against the development of insects are chavicol
(Ohigashi and Koshimizu 1976), two compounds from Coleopsis lanceolata
(Nakajima and Kawazu 1980), C-glycosylflavones from Zea mays (Elliger et al
1980), certain norditerpene dilactones (Singh et a11973) and sendanin from Trichilia
roka (Kubo and Klocke 1982) etc. Conessine, from H. antidysenterica has larval
growth inhibitory activity against Aedes aegypti (Saxena and Tikku 1988). The nonprotein amino acid L-canavanine derails the growth and development of Manduca
sexta (Dahlman 1977), Musca domestica, M. autumnalis, Haematobia irritans and
Stomoxys calcitrans (Dahlman et al 1979) in addition of reducing the fecundity and
fertility of M. sexta and effecting its nervous system (Kammer et al 1978; Palumbo
and Dahlman 1978).
5. Hormone analogues
Till .the discovery of the 'paper factor' (Slama and Williams 1966; Williams and
Slama 1966) insect endocrinology was confined only to the academic interest. As the
factor could produce permanently juvenile adults incapable of reproduction it was
thought to make use of such compounds for insect control and Williams (1967)
termed them as the 'third generation pesticides'. Because only the papers
manufactured from the coniferous trees showed juvenile hormone (JH) activity,
therefore the general belief at the time was that only gymnosperms possessed the
JH mimicking substance [or the JH analogues (JHA)]. The very first report
followed by a second one about such a type of activity being present in the
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flowering plants was that of Saxena and Srivastava (1972, 1973) and this led to
search for a trail of JHA existing in the flowering plants.
5.1

Evaluation and biological assay of JHjJHA

In order to term a compound as JHA it is very essential to know the true test for its
evaluation. Primarily a JH exerts its effect on metamorphosis and a test compound
must produce morphogenetic changes in the test insect while all other effects are of
a secondary importance (Saxena et al 1978). Slama et al (1974) have described in
detail the methodology that should be followed for a proper evaluation of such
types of compounds and have calculated the ID/ED so values. For determining the
effect on metamorphosis last instar nymphs or pupae should be subjected to the
tests. The lesser important criteria for JHA tests are: (i) an inhibition of the
embryonic development, (ii) stimulation of ovarian development and (iii) population assays.
The five natural JH identified so far are illustrated in figure 2. Numerous
analogues of JH cave also been synthesised by the private companies especially by
the Zoecon Corporation of USA whose highly active patented products are the
methoprene and hydroprene but on account of the development of resistance by the
insects towards these JHA, the compounds could not find a successful place in the
market. Moreover the slow action of such types of compounds could not stand
before the rapid overnight control of the insect pests brought about by the
pesticides. Such drawbacks have made the developed world lose interest in these
analogues and now their use is recommended only in specific places like the
hospitals etc for controlling pests like the pharaon ants since poisonous pesticide
applications are avoided at such places.

12

OMe

r

R1 =R2 =C2 HS, R=CH3

JHIl

Rl=C2HS,R2=R=CH3

JHIII

Rl=R2=R= C H3

JH 0

Rl = R2 =R =C2 HS

JH

iso JH 0

= 4-meth y l -

JH I

*Relative

•

& absolute configuration
at C-4 unknown

Figure 2.

Natural products impact on phytophagous insects

189

6. Moulting hormones
These steroidal hormonal secretions of the prothoracic glands of insect larvae and
of spongy cells of adult testes (Saxena and Tikku 1989) govern the insect moulting.
A variety of ecdysterols are also present in the plants (Hikino and Hikino 1975) as
these phytosterols can be easily synthesised by the plants by metabolism from the
other steroidal sources (Levinson 1972). Reports are available on the presence of
ecdysones in the pteridophytes (6 families, 44 sps.), the gymnosperms (6 families,
26 sps.), and the angiosperms (22 families, 46 sps.) (Jacobson and Crosby 1971).
7. Antijuvenile hormones
This new category of compounds has been placed under the class of the fourth
generation pesticides. Bowers et al (1976) found two naturally occurring chromenederivatives in Ageratum houstonianum that could produce precocious adults (i.e.
adults moulted directly from the fourth instar nymphs by deleting the formation of
the ruth instars during the development process) and also effected the ovaries of
such adults. These derivatives were termed as Precocene I and Precocene II (figure 3)
and in the insect body these compounds are broken down resulting into the
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production of another compound (3,4-epoxide1 that reacts with the proteins in the
corpus allatum leading to their destruction (Bowers and Martinez-Pardo 1977) and
thereby to an impaired JH synthesis. The low titres of JH in the nymphs or the
larvae result into their transformation into adults.
8. Sterilants
The fecundity and fertility of the insects can be disturbed in multiple ways e.g.
either by a direct effect on the germ cells or by an indirect hormonal disruption,
whether of neurosecretion br of the juvenile or the moulting hormones. The
classical chemosterilants are alkylating agents bringing about sterility by their
property of effecting the DNA and thereby the germ cells while the sterilants differ
from such alkylating agents in lowering down the rates of fecundity and fertility but
not causing any harm to the germ cells. Such sterilants are exemplified by
compounds like conessine, several alkaloids of A. vasica, aristolochic acid, and
plumbagin (Saxena et a11979, 1986; Saxena and Tikku 1988; Thappa et al 1988).
8.1

Conessine

this steroidal alkaloid from H. antidysenterica sterilizes Dysdercus koenigii (Thappa
et al 1988) when given in drinking water (doses used: 5 and 10 ppm) for 72 hand
untreated mates provided to the treated individuals. In 5 ppm the most remarkable
action of the compound was being more effective in inducing sterility in the
untreated females crossed with treated males rather than showing a more strong
action against the females that were given the alkaloid in feed but with the increase
of dose to 10 ppm the fecundity of treated females was also reduced and the laid
eggs were sterile for treated individuals of both the sexes (table 1). The effect on
both fecundity and fertility of normal females crossed with treated males indicates
the transfer of some factor from the affected males into the female genital system
that reduces the number of eggs and makes such eggs sterile while conversely the
normal sperm of the untreated male provided to the alkaloid-fed female perhaps is
not able to fertilize its eggs due to a changed physiological environment of the
female tract that does not provide an environment conducive for normal
fertilization and fertile eggs are not formed in this way.
8.2

Alkaloids of A. vasica

The fecundity and fertility of D. koenigii was adversely affected by 5 tested alkaloids
Table 1. The percentage reduction in laying and hatching of eggs of adult D. koenigii
affected by conessine.
Dose
(ppm)

Ist batch
Laying Hatching

2nd batch
Laying Hatching

Untreated ~ treated <1

5
10

18'69
20-96

ooo

00-0

23·95
50-38

Treated ~ untreated <1

5
10

oooo

45·6

oooo

Control

25-68
00-00

roo

100

3rd batch
Laying Hatching

2·2
1·5

31'79
66·87

27·8
0-5
31·9
0-8

14·8

19·86

roo

33-94
66'35

00-00

100

07·60

100
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of A. vasica (Saxena et al 1986) given for 72 h in drinking water (dose: 0·1 and Q-3%).
The alkaloids were vasicine, vasicinol, vasicinone, deoxyvasicine and deoxyvasicinone (table 2). Vasicinol displayed the maximum and deoxyvasicinone the minimum
activity. The female D. koenigii adult lays its normal number of eggs whether mated
or not (unpublished results) but a collapse of eggs (within 2-3 days of oviposition)
of untreated females paired with vasicinol treated males having sperms of normal
appearance indicates some disturbance in the chorion formation of such eggs which
leads to a slight blackening in their colour followed by crumpling. In the case of
vasicinol treated females the lowering in the number of laid eggs is apparently
related to a blocking of the oviduct by oocytes which inhibits the descent of the
vitellar oocytes and their resorption causes the death of such females. All other
allelochemics of Adhatoda bring about a reduction in the oocyte numbers. The
Adhatoda alkaloids are also effective in reduction of the progeny of Tribolium
castaneum in doses of 0·1 and 0·5%.
8.3

Aristolochic acid-I

This product from Aristolochia bracteata in addition of acting as a sterilant for
D. koenig ii, Ae. aegypti and T. castaneum, also interferes in the ecdysis (Saxena et al
1979). The high dosage of 0·002% totally prevents egg laying in the adults moulted
from treated 5th iustar nymphs of D. koeniqii, the next dose i.e. 0·001 % is again
totally inhibitory for females while comparatively the male treatments are not as
effective though hatching percentage becomes highly reduced in the eggs, the lowest
dose of 0·0005% does not cause any reduction in the first batch of eggs but in the
Table 2- Cumulative fecundity and fertility of 3 batches of eggs in D. koenigii adults
treated with Adhatoda alkaloids at Q-l and 0·3% level (source: Saxena et al 1986).
Average fecundity
(no. ± SE)
Treatment

Sex cross
x
~
<S

(}3'110

(}1%

(}3%

T
U
T

74·9±6·9
64·3±6·4 60-3
93'1 ±6'4 . 90-7± 10-0 80-0
101·5.±7-o
72-8± 5-0 77-3

67·9
67-0

72-0

64-0
40-4
37-0

65-0
51·2
58-0

T
U
T

56·3±6·6
4(}Q±5·8
53·5±7·5

46·2±3-o
42-3±H
53·8±4-o

49-1
37'7
49·8

3(}5
2(}4
45-0

77·8
87-8
78·6

88·7
96'7
8Q-7

T
U
T

102·2±6-3
96·7±9·9
94·7 ± 7·0

91·4±7-o
93·7±6·5
85·1 ±6·3

65·3
54'1
61-3

63-3
63-1
53-0

46'4
58-0
53-3

53'6
52'5
63'8

x

T
U
T

94·7±6·4
91-o±7-4
88·3±7·0

36·8±4·3
104'3±8-o
84·5±5·7

58'9
64'1
51-2

40-7
56·7
43-0

55·2
53'2
63'7

88·0
52·5
7Q-9

T
U

x
x
x

T
U
T

lOO5±6-2
99·2±7-3
12(}3±9-2

104·3±8·8 90-8
111-o±6-8 90-5
IOS-o±8-0 89'8

1000
98-0
92'5

26-7
27-9
13·2

18·6
15·2
22·1

U

x

U

127·5±6-2

13Q-9 ± 9-0

x

Vasicinol

T
T
U

x
x

Deoxyvasicine

T
T
U

x

T
T
U

x

Vasicinone-HQ

Deoxyvasicinone-HCl

Control
T, Treated; U, untreated.

Sterility index

Q-l%

T
T
U

Vasicine-HCl

Average fertility
(%)

T

x

x

x
x
x
x

Q-l%

Q-3%

97·7

98'0
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subsequent second and third batch the fecundity and fertility goes on declining (70
and 30 eggs respectively in 2nd and 3rd batch in comparison with 110 eggs of the
controls). In the case of adult treatments the effect was not as marked as in the
treatments to 5th instars though the hatching capabilities get significantly reduced.
While lower doses are not effectively able to control the vitellogenesis, though the
manner in which yolk is deposited seems very haphazard and the number of
oocytes is reduced, the higher doses prevent maturation of ovaries of both the adult
treatments and of the adults moulted from 5th instar nymphs. However all the
doses affected acutely the ovaries of adults formed from treated 4th instars as such
ovaries remained very small consisting of almost only the tropharium. The vitellar
portion was undeveloped and ovaries retained their larval yellow covering. Figures
4-6 show a large number of trophocytes and their nutritive cords but only a few
oocytes in the tropharium. Sometimes the undifferentiated vitellar portion
contained 2-3 oocytes in addition to the corpus luteum and the oviduct, indicating
an imbalance in the hormonal system governing the maturation of the oocytes or at
the cystocyte stage of the ovarian development. Such a type of effect is totally
different from that of the classical chemosterilants that directly influence the DNA
of the cells. Impairment of vitellogenesis was also observed in the ovaries of Ae.
aegypti (doses used: 0'001-0'00025%) and that of T. castaneum (doses used:
1-10 ppm).
8.4 Plumbagin
This nephthoquinone reduces the fecundity of the red cotton bugs (Joshi et at 1989),
affects spermatogenesis (Saxena and Tikku 1988) and causes sterility in the
houseflies (unpublished results). Low doses of 1-2 pg of plumbagin brought about a

Figures~.

Affected ovary of D. koeniqii. 4. Tropharium with trophocytes (T) and
nutritive cords (arrow). The vitellarium (V) is empty. 5. Juvenile ovary with empty
vitellarium (V) and corpus luteum (arrow). Arrow-head points to the oocytes, 6. Magnified
view of lower portion of tropharium showing a single oocyte (arrow).
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delay of the ovarian development of adult bugs but higher doses disrupted
vitellogenesis (Joshi et al 1989). The experiments on male houseflies (unpublished
results) have revealed that treatments at adult stages were very effective (table 3) as
compared to those given to the wandering larvae.
According to Joshi and Sehnal (1989), plumbagin inhibits or delays the imaginal
ecdysis and oviduct metamorphosis in Dysdercus cinqulatus and an injection of
makisterone A reverses the effect of the compound. They found that plumbagin
affects the prothoracic gland and the pericardial cells which in turn suppresses the
biosynthesis of ecdysteroids. In in vitro experiments it was shown by them that the
presence of plumbagin in culture media could restrain the ecdysteroid biosynthesis
and it was concluded that plumbagin exerts a direct action on the prothoracic
gland. According to other reports plumbagin inhibits chitin synthetase activity
(Kubo et a11983) and interferes in ecdysone biosynthesis due to its inhibitory action
on the enzyme ecdysone 20-monooxygenase (Mitchell and Smith 1988). Our
experiments have shown that the compound affects the spongy tissue of the testis of
D. koenigii (Saxena and Tikku 1988) whose secretion is steroidal in nature (Saxena
and Tikku 1989). The disintegration of the cells of the spongy tissue indicates that
the testis is not provided with the requisite quantities of steroids required for .an
uninterrupted spermiogenesis. Also, the appearance of vacuoles in spermatocytes
and a reduction in the number of axonemal microtubules of the sperms of
D. koenigii (Saxena and Tikku 1988) points out to the fact that plumbagin does not
specifically act on the prothoracic gland and inhibits biosynthesis of ecdysteroids
but such an effect is a generalised one on cells including the glandular ones.
9. Antigonadal agent
The term 'antigonadal' is applied for those compounds that act particularly against
the gonads i.e. their action is neither mediated by the endocrine system of the insect
nor do they behave as alkylating agents. fJ-asarone is one such compound (Saxena
et al 1977), isolated from the oil of Acorus calamus L. that brings about a regression
of the ovaries of D. koenigii by its antigonadal action. The oil in vapour form also
sterilizes Thermobia domestica, M. domestica, the females and males of D. koeniqi:
and a number of stored product insects (Saxena and Rohdendorf 1974; Mathur and
Saxena 1975; Saxena and Mathur 1976; Saxena et al 1976; Koul et al 1977).
Products of similar nature that are detrimental for the survival of innumerable
pests of the insect kingdom are stored in the existing flora in unlimited quantities
and tapping of such sources is the urgent need of the hour. The essential role played
Table 3. Effect of plumbagin treatment on the egg laying and
hatching of adult males of M. domestica crossed with untreated
females.
Dose (2IJI/fly) I
0·05%
(H)l%
0·005%
Control

Reduction in
egg laying (%)

Hatching (%)

76
71
64
0

0
0
0
U7

.-
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by the plant is to supplement the insect thriving on it with the nutrients required for
its growth and development. In addition, while providing almost all the precursors
for the constituents of some very important hormones and the pheromones, the
plants concomitantly ensure their own existence against the voracious feeders by
synthesizing certain chemicals like the tannins to reduce the intensity of the attacks
because tannins are known to be indigestible. Some other compounds like
azadirachtin, gossypol and canavanine are also utilized by the plants for
strengthening their defences. The saponin gossypol is a growth retardant, decreases
larval survival, causes pupal deaths and also increases the time taken for pupation
(Dongre and Rahalkar 1980). This important pest controlling agent is found in the
leaf glands of cotton plants and in the enthusiasm for increasing the yields, the
cultivated varieties became glandless and prone to infestation. Azadirachtins'
antifeedant action is just one of the multifaceted aspects of this phytochemical that
is most effective in disrupting growth, acting as a sterilant and inhibiting the insect
moulting. In locusts the compound deters feeding even if the azadirachtin-sensitive
chemoreceptors on the mouthparts are bypassed by directly injecting it into the
haemolymph which indicates its effect on the passage of food through the gut and
the speculations are that the azadirachtin-poisoned gut is unable to expand
sufficiently for a successful moulting (Mordue (Luntz) et al 1985). Azadirachtin also
lowers down the ecdysteroid titres and according to the findings of Pener et al (1988)
the compound affects ecdysteroid metabolism and/or prothoracicotropic hoamone
release. Canavanine's toxic and sterilant action also acts as a safeguard for the host
plants.
The role played by the moulting hormone in an insect's life is well known
because the insect is totally dependent upon phytosterols for the synthesis of the
hormone. The physiology and reproduction is governed by ecdysteroids but the
major drawback that limits their desirable exploitation is the difficulty of
penetration of sterols through the insect cuticle. Therefore till the stage is reached
when absorption of these vital plant products through the gut or the body is
possible, the ecdysteroids have a limited scope for use as insect controlling agents.
The isoprene units of terpenoids are available in plants but so far it is not known
whether the phytophagous insect gets any precursor from the host plant for the
production .ofJH, the most important physiological secretion of the corpus allatum.
The synthesized analogues are also losing ground due to the preferences for fast
acting compounds and, because of the development of resistance by some
economically important insects (Brown and Hooper 1979), a potent compound like
the methoprene has also become of a limited use. Precocenes which appeared to be
physiologicallyvery important compounds in acting as antijuvenile hormone agents
have receded in the background on account of their cytotoxicity.
The other hormones including the neurosecretion are indigenous products of the
insect body and till now no link has been established with their relation to the
insects' feeding activity.
Pheromones, having a direct bearing on the modulation of the insect behaviour,
are comprised of widely unrelated groups like the aldehydes, ketones, alcohols etc.
and these groups are the constituents of a number of phytochemicals that the
insect gets from its host plants but whether the compounds have a decisive
participation in the synthesis of the volatile product is not yet known. However the
work of Schneider et al (1982) has shown that totally unrelated compounds like the
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pyrrolizidine alkaloids are used in pheromone production and more work needs to
be done along this direction to explore the co-relation between natural products
and synthesis of pheromones by the insects as this area has an immense use in
future.
The sterilant chemicals from plants truly appear to be the answer for the
physiological agents that are in demand due to their property of causing a
disharmony in the hormonal balance of the pest. Compounds like conessine,
Adhatoda alkaloids, aristolochic acid, and plumbagin are the products of plant
origin and sterilize male as well as female insects. These phytochemicals are
applied in very low dosages and their detailed mode of action at cellular or
hormonal level needs to be probed further. The antigonadal property of the active
cis-form of f3-asarone has given a clue for the synthesis of similar compounds with
the appropriate positions of Osmethyl-groups so that only compounds exhibiting
activity of similar nature are obtained rather than toxic or antifeedant compounds
(Saxena et al 1977).
Now-a-days work on genetic engineering and DNA recombination techniques are
believed to be the answer for future control measures in the light of the toxicities
caused by Bacillus thurinqiensis in the insect pest but recent work has revealed that
mosquito larvae have already overcome the toxic effects of B. sphaericus (Aly et al
1989) and if one pest has developed detoxification mechanism the possibility of
other such organisms following suit is always there. JHA protagonists also at one
time were putting forward the argument that as these compounds were structurally
similar to those produced by the insect body, so chances of development of
resistance were the least but what happened was contrary to the expectations.
Similarly if mosquito larvae are able to digest the Bacillus poison and the trend
goes on increasing, genetically engineered plants will lose their efficacy. The other
aspect of the problem that needs a thoughtful approach is that, presently the B.
thuringiensis incorporated tobacco plants are considered a safe bet against the
tobacco hornworm but tomorrow if similar methodologies are adopted to protect
other crops, will not the toxins have a disastrous accumulative effect on those
living beings (including mammals) who would regularly consume the edible parts.
Therefore toxicological studies need to be conducted in advance before
commercialization of the process.
Our stronghold against the pests can only be maintained by a proper screening of
the plants and the evaluation of their products on the physiology of the insect. If
the activity of the phytochemical is of a desirable nature, constraints should be
followed in its overexploitation so that the problems of resistance that are being
encountered for the synthetic analogues of pyrethrins (Scott and Georghiou 1985)
are not faced and at the same time no harm should come to the predators and the
parasites. An ideal approach would be to put into use the aggregated effect of
varied properties of the natural products e.g. the toxic, antifeedant, growth
retardant, and sterilant etc. and advocate their proper application in integrated
control schemes so that the pest species are effectively brought below the level of
nuisance.
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