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TOWARDS A SYNTHETIC APPROACH TO INSECT-PLANT RELATIONSHIPS 

V. LABEYRIE 
I .B .E .A .S . - C.N.R.S. (UA 340) 
Un i ve rs i t é de Pau e t des Pays de l 'Adour 

I n u n d e r l i n i n g t he p r i n c i p a l i m p o r t a n c e o f t h e s t u d y o f r e l a t i o n s 
between i n s e c t s and t h e i r h o s t p l a n t s , f o r t h e e l a b o r a t i o n o f c r op 
p r o t e c t i o n methods, "The Insect -Plant re lat ionships Symposia" have brought 
a g r i c u l t u r a l en tomo logy ou t o f a c u l - d e - s a c . They have d i f f u s e d t he 
coevo lu t ionary approach, suggested by G. F raenkel 's a r t i c l e on the "Raison 
d'être of secondary substances i n plants" ( F raenke l , 1959). 

I n the 20 years t h a t have elapsed s ince the f i r s t symposium, numerous 
c o n t r i b u t i o n s have d e f i n e d t he i n f l u e n c e o f such subs tances upon i n s e c t 
a t t r a c t i o n , f e e d i n g , a s s i m i l a t i o n , g r o w t h and r e p r o d u c t i o n , . Many works 
concerning sensory phys io logy , phys io logy of n u t r i t i o n , endrocr ino logy and 
p h y s i o l o g y o f r e p r o d u c t i o n have s t r e s s e d t h e i m p o r t a n c e o f p l a n t 
c h a r a c t e r i s t i c s - p a r t i c u l a r l y c h e m i c a l t r a i t s - i n t he m o d u l a t i o n o f 
i n s e c t s ' a c t i v i t i e s . For e xamp le , 3. Kennedy (1961) h i g h l i g h t e d t he 
i n f l u e n c e o f t r o p h i c r e l a t i o n s on m i g r a t i o n and d i s p e r s a l . 

A p r e c i o u s l e s s o n t o be d rawn f r o m t h e who le o f t hese works i s t h e 
i m p o s s i b i l i t y o f d e f i n i n g - t h r o u g h s i m p l e p a r a m e t e r s - i n s e c t s ' main 
a c t i v i t i e s , l i k e l o n g e v i t y , t ime o f g rowth , f e c u n d i t y , d i s p e r s a l , searching 
c a p a c i t y , . . . even when t he p h y s i c a l c o n d i t i o n s o f t he h a b i t a t have been 
s t a b i l i z e d ( L a b e y r i e , 1970) . I t i s s t r a n g e t o no te t h a t even t oday many 
mathemat ica l p a t t e r n s o f popu la t ion dynamics s t i l l use a f i x e d parameter to 
c h a r a c t e r i z e f e c u n d i t y , t h e i n t r i n s i c r a t e o f n a t u r a l i n c r e a s e , r 
( L a b e y r i e , 1970) . 

B i o c h e m i c a l s t u d i e s o f t h e a l l e l o c h e m i c a l substances o f p l a n t s have 
g i v e n r i s e t o new p o s s i b i l i t i e s o f i n t e r v e n t i o n , b r i n g i n g a l o n g a new 
genera t ion o f i n s e c t i c i d e s . K. Slàma (1969), having d iscovered t h a t p l an t s 
can con ta in chemica ls w i t h i n s e c t hormone a c t i v i t y , Jan de Wi lde (1971) has 
even p roposed u s i n g p l a n t s ubs tances t o d i s t u r b i n s e c t s ' e n d o c r i n e 
r e g u l a t i o n and c yc les . 

A t t h e same t i m e , r e s i s t a n c e f a c t o r s have been b r o u g h t ou t and have 
helped t o l ay the bas is f o r s e l e c t i o n o f r e s i s t a n t c u l t i v a r s . 

U n f o r t u n a t e l y , and even though p l a n t chemists and i n s e c t p h y s i o l o g i s t s 
have j o i n e d i n t h e i r e f f o r t s , t h e l a c k o f p l a n t p h y s i o l o g i s t s has no t 
a l l owed us, up t o now, t o measure to what ex ten t the i n f l u e n c e o f the p l a n t 
c o u l d va r y d u r i n g i t s g r o w t h and a c c o r d i n g t o e c o l o g i c a l c o n d i t i o n s . I n 
many e n t o m o l o g i c a l w o r k s , t h e p l a n t i s c o n s i d e r e d as a homogeneous 
m a t e r i a l . However, as e a r l y as 1951, i n the 9 t h I n t e r n a t i o n a l Congress o f 
E n t o m o l o g y , V. D e t h i e r u n d e r l i n e d t h a t " t h e p l a n t i s r a t h e r an 
heterogeneous chemica l environment" ( D e t h i e r , 1978) . The a t t e n d a n c e o f 



plant physiologists at this 6th International Symposium must help to set up 
a dialogue which, I hope, will grow into a habit. 

Maybe, then, we entomologists, shall realize that damage caused by 
insects are not necessarily of great consequence for all kinds of plants 
(Labeyrie & Hossaert, 1985). In particular, we will probably be led to 
examine the reality of the selective pressures exerted by the destruction 
of the reproductive organs of perennial plants. Thus, the influence of the 
destruction of fruit and seeds on the evolution of the number of ovules per 
fruit and the number of fruits per plant, seem to me of no use for 
perennial plants, for which sexual reproduction only occasionally 
participates in the keeping up and renewal of the population. So, some 
speeches about coevolution often become the expression of an excessive 
romanticism. 

Progressively, in the course of the recent symposia, the concept of 
population has directed an increasing number of contributions. The study of 
genetic variability in the relations between insects and plants, did not 
remain only a tool for the selection of resistant cultivars, but became 
also - as Vincent Dethier requested in 1978 at the 4th International 
Symposium in Slough (Dethier, 1978) - a means to understand the complexity 
of situations observed in the field. At the same time, awareness of genetic 
variability enables us to improve our physiological and biochemical 
studies. 

A twofold movement has therefore developed during the last twenty 
years: the passage from the study of the insect to the study of poly«orphie 
insect populations; and the enlargement of the study of the influence of 
plants upon insects from simple trophic control to the whole of their 
biology. So, the evaluation of the influence of plants, not only implies 
the analysis of their energetic content, but also research on the 
importance of the information issuing from the plants and their habitats, 
upon genesis and regulation of the sundry activities of the larva as well 
as the adult. 

A global approach, rehabilitating the notion of what is called 
(Stearns, 1976) "a life history strategy or tactic", should have followed 
logically. Unfortunately, a partitioning tendency still slows down the 
movement. With the wish of improving their studies - and this is very 
creditable -some entomologists have often completely separated the analysis 
of different functions. The animal has become lost in an assemblage of 
independent activities, each of which was used with delight by proponents 
of modelling and theorizing, in order to define particular adaptive 
strategies (Gould & Lewontin, 1979). So, there have arisen studies 
concerning feeding strategy, sexual strategy, egg-laying strategy... with, 
in each case, a panglossian admiration for the value of the adaptive 
features put forward. The unity of the insect is too often forgotten; the 
insect becomes a self-service super-market of strategies. 

During the same time, and acting in concert with the above tendency, 
the stress was laid on the energetic aspect of biocenotic relations. 
Starting from the statement of the importance of energetic transfers in 
trophic relations, everything has been evaluated according to its energetic 



supply, and the value of behaviours has been estimated from their energetic 
costs. So, entomological studies, made from an ecological point of view, 
sometimes happen to be reduced to research on the energetic bill of the 
whole insect's activities. The entomologist thus becomes an accountant 
defining the adequacy of activities according to the balance-sheet. With 
the same point of view, some evolutionary ecologists (Colley et al., 1985) 
set up energetic relations to explain plants' adaptive reactions to 
destruction by insects, with a mechanist conception (since..., because...). 
Any consideration of the importance of the informational content of insect 
populations and of their biocenosis, is, in this way, eliminated. 

This double reductionist«, which emphasizes exclusively the energetic 
aspect, and sections the insect, splitting it into sectors of independent 
activities - sometimes arbitrarily defined - prevents the examination of 
the relations between plants and insects in their whole complexity. 

In order to restore the genuine dimensions of insect-plant 
relationships, in introducing a sector missing in the previous meetings, 
the problems of pollination will be approached during this symposium. Maybe 
this confrontation will help to understand that manichean divisions between 
useful and noxious insects are not necessarily appropriate (Labeyrie & 
Hossaert, 1985). To give back to the insect its unity, to discuss the 
relations between polymorphic populations of plants and insects, to 
estimate the relative importance of the various kinds of relations between 
not less than two populations, such are the necessities required by the 
huge progress and the remarkable deepening of our sectorial knowledge of 
the insect. So, the time has come - without slackening the intensity of 
detailed study - to gather the pieces and to work out the •osaic. 

It would be dangerous to idealize the relations between plants and 
insects, and to believe that coadaptation can be perfect. F. Oacob (1981) 
explained why evolution could only be as adjusted as tinkering is. I add, 
since these relations are not binary, but form a web of interactions, that 
this tinkering can only be the result of historical and provisional 
compromises between all the adaptations necessary to the survival of the 
plant in a particular ecosystem. 

However, any endeavour of biocenotic integration would be incomplete 
and would lose its efficiency if biocenosis were handled like abstract 
entities without a spatio-temporal structure. The Earth is heterogeneous 
and mans' activities do not necessarily have a homogenizing effect. 
Consequently, every habitat has itg own spatio-temporal characteristics, 
which modulate the relations between plants and insects. Now, in this 
field, we are quite behind. W.G. Wellington et al. (1984) pointed out, for 
instance, our ignorance of the effect of wind movements inside the low 
troposphere upon distribution of insects. 

Because all biocenotic phenomena we are able to put forward, contain, 
at the same time, a part of universality and a part of contingency, crop 
protection is necessarily a local and circumstantial application of 
ecological knowledge (Labeyrie, 1977). So, we must be very careful in our 
deductions and express always contingent recommendations. 

The day will never come when a handbook dealing with crop protection 
gives recipes suitable for the whole world. 



Through these symposia on Insec t -P lan t Rela t ionships , the l a s t 20 
years have allowed us to get i n to new and of ten'unsuspected worlds. Our 
symposia have undoubtedly been profitable to applied entomology as well as 
to biological knowledge as a whole. 

I am convinced that twenty years from now, the next evaluation will be 
s t i l l more su rpr i s ing . The too ls supplied by physics, chemistry and 
molecular biology mult iply our p o s s i b i l i t i e s for i nves t i ga t i on , but the 
qua l i ty of r e s u l t s does not depend only on c a p ab i l i t i e s of t oo l s . Never 
w i l l the importance of hypotheses be devaluated, never w i l l agronomists 
take the place of researchers. 

To those who could be inclined to look upon the insect as out-of-date 
research material, and to consider entomology as an old-fashioned act ivi ty, 
we should reply l ike H. Fabre - the genial experi»enter - as Darwin called 
him -"The insect helps us to decipher just a l i t t l e the Most obscure book 
of a l l , the book of ourselves" (Fabre, 1910). 
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INSECT HORMONES AND BIOANALOGUES IN PLANTS 

K. SLAMA 
Institute of Entomology, Department of Insect Toxicology, 15800 Praha , 
Czechoslovakia. 

The pharmacologically active drugs and toxins of plant origin have 
been known since the time of Aristotle. At the beginning of this century it 
has been also recognized that plants may contain guite specific animal 
products, such as are animal hormones. Some hormones were discovered in 
plants by chance or were accidentally obtained after screenings of plant 
extracts for various other activities. Only rarely a hormone was found in 
plants by purpose, usually in a search for developmental syndromes caused 
by certain fodder plants in the domestic animals. 

There are many biological as well as chemical features that are common 
to animal and plant cells (especially cytochemical, anatomical, metabolic, 
biogenetic, see King, 1962). However, the nervous and neuroendocrine 
systems of higher invertebrates and of vertebrate animals have no direct 
functional counterpart in the plant kingdom. Thus, one could reasonably 
argue that the presence of animal hormones in plants might be a fortuitous 
combination of events having no causal evolutionary grounding. 
Alternatively, animal hormones belong to the biologically most effective 
compounds ever known. Their presence in plants, just like the presence of 
certain other pharmacologically active secondary plant subtanbes, may be 
thus an outcome of natural selection, which has undoubtedly modulated the 
interactions between plants and their animal feeders in the course of their 
coevolution. 

The diffusible tissue factors of plants (plant hormones) have no 
direct endocrine functions in the animals, although some of them are often 
reported as a cause of diverse pharmacological side effects. The hormones 
of all animals show a common phylogenetic origin, which can be derived from 
neurochemical regulatory substances of the nerve cells in Coelenterata and 
worms. Some of them became successively separated from the nerve system and 
were produced by specialized endrocrine glands (see schematic outline in 
Tig. 1). The chemical structure of animal hormones is mainly derived from 
two biogenetically distinct categories: a) Derivatives of the aromatic 
amino acids, i.e. biogenic amines, peptides and proteins which are mainly 
used as neurohormones, and b) Isoprenoids, usually steroids, serving the 
role of the subordinated peripheral hormone (for review see Barrington, 
1980 and Slama, 1982). The first reports related to the presence of animal 
homones in plants came from the studies on human steroid estrogen hormones. 
The history of this finding shows striking similarities with the more 
recent findings related to insect hormones. It may thus appear guite useful 
to mention a few points from the estrogen story here (for review see Slàma, 
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1980). 
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Figure 1. Evolution and d i ve r s i f i c a t i on of the neuroendocrine system of 
invertebrate animals (see Slàma, 1982). 

1. Estrogenic hormones in plants 
The search for a pharmocologically active natural product i s always 

s t imula ted by a v a i l a b i l i t y of a s u i t ab l e bioassay. After 1920, there 
appeared a biological assay for estrogenic hormones, known as Allen-Doisy 
tes t . And, s t i l l before s tructural elucidation of the estrogenic hormones, 
various authors observed su rp r i s ing ly that positive Allen-Doisy tes ts on 
ovariectomized animals could be obtained with the l i p i d e x t r a c t s from 
certain plants. Later, when the structures of steroidal estrogens became 
known, the a c t i v e p r i n c i p l e s of the p l a n t e x t r a c t s were again 
reinvestigated. I t was confirmed that the pollen grains, flowers and f rui ts 
of some plants indeed contained the true steroidal estrogenic hormones. The 
s tory became more i n t e r e s t i ng when fur ther screenings of p lant ex t r ac t s 
revealed the presence of other e s t rogen ica l ly ac t ive compounds whose 
chemical s tructure and biogenetic origin substantially differed from that 
of the true s teroidal estrogens. These compounds - phytoestrogens - were 
r ea l pharmacobiological but not chemical mimics of the es t rogens. 
Originally they were mostly found in the group of isoflavones (see Fig. 2). 
Further progress in t h i s hormonomimetic research was made when i t was 
determined t ha t a s ickness and i n f e r t i l i t y of sheep grazing on ce r ta in 
clover pastures in Australia were due to hyperestrogenic syndromes caused 
by a phytoestrogen coumestrol. Later i t turned out that some fodder plants, 
e spec ia l ly Leguminous, could indeed produce such adverse e f fec ts in the 
domestic animals. The e f fec ts were usual ly due to the presence of 
benzofurocoumarin compounds, coumestrol, t r i f o l i o l , psoralidin and others 
(Fig. 2). Among further ecologically important phytoestrogen we may include 
a cyc l i c lactone zearalenone. I t i s produced by ce r t a in lower p lan ts 
(Gibere l la ) . In domestic animals which would feed on spoi led grain, 
zearalenone produces se r ious hyperestrogenic syndromes associa ted with 
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i n f e r t i l i t y or decreased milk and meat production. There ex i s t more 
phytoestrogen, such as mi roes t ro l (see Fig- 2), which i s a very potent 
estrogenic mimic isolated from a re juvenat ing drug from c e r t a in As ia t ic 
Leguminous plants. There are also several estrogenically active plant-borne 
s t i l bene d e r i va t i ve s , d i t e rpen ic compounds and other secondary plant 
chemicals that are believed to be estrogenic (for review Slàma, 1980). 

E s t r a d i o l I s o f l a v o n e s Trifoliol 

Psoralidin Miroestrol 

Figure 2. Structures of estradiol and several pharmacobiological mimics of 
estrogens isolated from plants (from Slàma, 1980). 

The apparent structural heterogeneity of the phytoestrogen molecule 
brings about the problem of specificity of the biological assays. We could 
see on the examples in Fig. 2 that estrogenic assays selectively 
discriminate between chemical structures of the tested compounds. They give 
positive response only to molecules possessing in this case a more polar, 
keto, hydroxy or methoxy groups at exactly the same spatial and dimensional 
locations as in the molecule of estradiol or estrone. This imperative 
structural condition of all estrogenically active compounds has been tested 
and confirmed by X-ray crystallographic measurements in a number of natural 
or synthetic estrogen mimics. 

2. The juvenile hormone of insects (JH) 
In analogy with phytoestrogen, the history of insect hormones in 

plants is also related to a suitable bioassay. In this case it is the assay 
for 3H elaborated by Williams in 1956. Soon after the assay became 
available, Schneiderman and his co-workers (Schneiderman et al.,1960) found 
3H-actlve lipid extracts in various microorganisms and in higher plants. 
The first OH-active substance of known chemical structure was an isoprenoid 
alcohol farnesol, isolated by Schmialek in 1961 from the excrements of the 
meal worm and from yeast (see Fig. 3). Farnesol was previously known as a 
common constituent of various plant oils. 

Further presence of JH activity in plants has been accidentally found 
in American paper products and in the wood of the Canadian balsam fir by 
Slama and Williams in 1965. The active material, "paper factor" was 

« 
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subsequently i den t i f i ed by Bowers as an a l i e y c l i c sesquiterpenoid e s t e r 
ca l led juvabione (Fig. 3). The wood of c e r t a in evergreen t r e e s contains 
several 3H-mimics r e l a t ed to juvabione. In addit ion to 3H-I to 3H-III 
(which have been isolated from insect body and are assumed to be identical 
with the 3H of i n s ec t s ) , there are some other CJH-mimics of p lant o r ig in . 
These inc lude, for example, sesamin from sesame o i l , echinolone from 
American coneflower or juvocimene from sweet b a s i l (see f ig . 3). For 
references and more d e t a i l s see (Slàma, 1969, 1979, 1985; Slama et a l . , 
1974; Williams, 1970). I t i s rather curious to real ize that we know only a 
few 3H mimics from plants in comparison with more than 4000 so far known 
synthetic analogues with 3H act ivi ty (Slàma, 1985). However, the importance 
of the identified plant products may be stressed out by the fact that the 
knowledge of each of the compounds l i s t e d in Fig. 3 led always to 
subsequent synthesis of hundreds of i t s derivatives and so increased our 
knowledge concerning s tructure-activi ty relationships among these compounds 
(review in Henrick, 1982; Slàma, 1985; Slàma et al . , 1974). 

Structure 
Radicals, 
notes Source 

farnesol 

juvabione 
dehydrojuvabione 

yeast, higher plants, 
insect excrements 

paper products 
balsam fir 

R R R 
3a:JH-III Me Me Me 
3b:JH-H Me Me Et 
3c:JH-I Me Et Et 
3d:JH-0 Et Et Et 

Cecropia silkworm, 
various insects 

sesame oil 

^ < ? ^ A X echinolone American coneflower 

juvocimene sweet basil 

Figure 3. Some JH-activity compounds isolated from insects and plants 
(Taken from Slàma, 1985). 

Due to the increased synthetic work and also due to potential 
perspectives for the use of JH-analogues (juvenoids) in insect control, the 
bioassays for JH have been improved, simplified and routinized. This has 
created favourable conditions for further testing of 3H activity in plant 
extracts. Extensive screenings of plants for JH activity have been made by 
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Jacobson and his co-workers (for ref. see Slàma, 1985). Most of the assays 
for JH activity are based on an inhibitory action of OH on metamorphosis. 
This action is manifested by formation of giant supernumerary larval 
instars or by the appearance of intermediate forms, which contain mosaic 
distribution of morphological patterns of the two neighbouring 
developmental stages. An example of this JH action in a Hemipteran insect 
has been provided in Fig. 4. 

Figure 4. The effect of juvabione (5 ug applied topically to last instar 
larvae) on metamorphosis of Dysdercus spp.. From left : giant supernumerary 
larva, larval-adult intermediate, normal untreated adult, normal last-
instar larva. 

In most instances, the plant extracts have been traditionally tested 
for JH activity by means of topical application. It may be argued, however, 
that plants do not interact with their insect feeders by contact as much as 
they do by means of the substances present in the food. Moreover, it turns 
out. that many synthetic, and perhaps also natural, JH-analogues including 
those which are little active or inactive in topical assays, may be up to 
thousand times more effective when administered in the diet (Slàma, 1981). 
This points out that plants might actually contain many indetected and 
ecologically important 3H-active compounds, which escaped our attention due 
to the specialization for topical assays. 

Similarly like in the other hormonomimetic studies, the common 
denominator for all the natural and synthetic 3H mimics can be found in the 
determined structural and physical properties. These are related mainly to 
size of the molecule, exact location of the alkyl substituents and 
functional groups, to stereochemical orientation of the basic chains, 
lipophility and other physico-chemical properties (Slàma et al., 1974). 
According to the current pharmacokinetic theories, the above structural 
requirements result from specific interactions of the hormone ligands with 
the intracellular receptor sites. The requirements for such allosteric 
binding with the receptor of JH of insect represent an important factor in 
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the d i s c r i m i n a t i o n between the hormonally act ive and inact ive molecules. 
The character is t ic sign of JH receptors w i th in insect epidermal ce l l s i s 
that they give more freedom for the binding of l igands, by contrast to the 
receptors of a l l other animal hormones, i nc lud ing also estrogen. Due to 
t h i s , there are large s t ruc tura l var iat ions tolerated among the 3H mimics 
and there i s a lso a record of more than 4000 of the known syn the t i c 
hormonal analogues (Slàma, 1985). 

In sp i te of r e la t i ve l y simple test ing procedures, some assays for 3H 
can give occasionally quite equivocal responses. These are associated wi th 
some nonspec i f i c s i d e - e f f e c t s , which usua l l y lead to the f a l se p o s i t i v e 
resul ts . Due to t h i s , certain plant extracts or secondary plant substances 
had been incorrect ly c lass i f ied as 3H analogues without being the true 3H 
mimics. As an example of a pseudojuveni le p lan t substance we may take 
azadirachtin. I t induces developmental malformations super f i c ia l l y s imi la r 
to JH-induced intermediates, but the l a t t e r are never true mosaics of the 
two epidermal pa t te rns . In a d d i t i o n , azad i rach t in never gives regular 
responses i n the standardized JH assays (Slàma, unpublished). 

3 . The phytoecdysones 
While the estrogen and DH mimics were found i n p lan ts before 

s t ruc tura l e lucidat ion of the parent animal hormones, these hormonal mimics 
have been encountered i n p lan ts only a f te r the polyhydroxylated s te ro l i c 
structure of ecdysone became known (review by Karlson, 1966). Nevertheless, 
there i s no other animal hormone that would be so closely connected wi th 
plant problematics. Ecdysone and 20-hydroxyecdysone or ecdysterone (F ig . 
5), s t imulate insect development from one ecdysis to the next. In t h is way 
they induce the c h a r a c t e r i s t i c moul t ing cyc les . The absence of these 
hormones in insect body leads in immature stages to developmental arrest 
known as quiescence, hibernation or diapause. The bioassays fo r ecdysone 
are mainly based on the f a c t t ha t the re lease of these hormones i s 
regu la ted from some endrocr ine centers l oca ted i n the t ho rac ic reg ion . 
Thus, in the nondeveloping posterior body fragments or in the nondeveloping 
l i g a t u r e d l a r v a l abdomens, ecdysone s t imu la tes p a r t i a l or complete 
pupariation (Call iphora, Musca) or pupation (Lepidoptera). 

In 1966 Nakanishi and h is co-workers (1966) provided the f i r s t 
evidence that some plants (Podocarpus trees) contained compounds wi th the 
chemical s tructure and b io logica l a c t i v i t y s imi lar to the j us t i den t i f i ed 
a t t ha t t ime i nsec t hormone ecdysone. Other such f i n d i n g s immediate ly 
fol lowed. They stimulated the e f fo r ts for standardization fo the bioassays 
(Calliphora t es t , Chilo dipping test) and f a c i l i t a t e d large screenings for 
the " insect moulting hormone" ac t i v i t y in plants. In t h is work, hundreds of 
plant species have been extracted and tested and several dozens of ecdysone 
mimics - phytoecdysones - have been d iscovered. Quite an extensive 
phytochemical research in t h is d i rec t ion , conducted mainly by the Japanese 
s c i e n t i s t s (Takemoto, H i k ino , I m a i , Takeda, Nakanishi) revealed tha t 
phytoecdysones occurred in a number of taxonomically unrelated, lower and 
higher p l an t s . References and a more de ta i l ed desc r i p t i on of the f ac ts 
pertaining to phytoecdysones can be found in reviews (Bergamasco & Horn, 
1984; Rees, 1971; Slàma,1979; Slàma et a l . , 1974). 



FIGURE 5. 

Chemica l s t r u c t u r e s o f 

ecdysone and e c d y s t e r o n e . 

M OH E c d y s t e r o n e 

From the r ecen t l y accumulated data on phytoecdysones (Bergamasco & 
Horn, 1984) we can make several conclusions: a) Ecdysone i s the most widely 
d i s t r i b u t e d compound i n p lan ts and i n i n sec t s ; b) In add i t i on to the 
cholestane- type compounds, p lan ts conta in also many ergostane- and 
stigmastane-type ones and even a few der ivat ives w i th oxidized (androstane-
type) s ide chain; c) The hormonally ac t i ve compounds from insec ts and 
p lan ts (ecdystero ids) have i d e n t i c a l s t e reocon f i gu ra t i on and; d) In 
contrast to estrogen or 3H mimics a l l phytoecdysones so far known have been 
s t ruc tu ra l l y and biogenetical ly related to ecdysone, i.e. any nonsteroidal 
pharmacobiological mimic of ecdysone i s s t i l l unknown. 

Exact reasons why should plants contain so many phytoecdysones are not 
c lear , c e r t a i n p l an t s , which conta in a la rge amount of ecdystero id 
(Polypodium vu lgare fe rns) appears to be a lmost devoid of phytophagous 
i nsec ts . I t has been thus suggested (Slàma, 1969; W i l l i ams , 1970) tha t 
these compounds would p ro tec t some p a r t i c u l a r p lan ts against massive 
attacks by phytophagous insect species. There are also more r e a l i s t i c views 
expressing doubts about real ecological value of the phytoecdysones (Beck & 
Reese, 1976). We have recen t l y r e i nves t i ga ted the d i e ta t y e f f e c t s of 
c e r t a i n phytoecdysones. We are convinced tha t eco log ica l importance of 
these compounds in insect-plant interact ions cannot be ignored (Arnault & 
Slàma, 1986). In agreement w i th the resul ts of other authors we have found 
that ecdysteroid concentrations from 25 to 100 ppm (0.0025 to 0.01K) would 
prevent larvae of phytophagous Lepidoptera from feeding on a r t i f i c i a l d ie t . 
The common concent ra t ions of ecdystero ids i n p lan ts range from 0.001 to 
0.13) dry mass, but certain plants (Ser ra tu la inermis) could contain up to 
2.9K (Achrem et a l . , 1973). Thus, these compounds may be we l l i nvo lved in 
the ca tego ry of secondary p l a n t substances tha t are i nd i ca ted as 
an t i f eedan ts , feeding de te r ren ts , r epe len ts , phago-retardants , e t c . , 
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which a l t o g e t h e r forms p h y s i o l o g i c a l b a s i s for a complex of f a c t o r s 
underlying host p lant s e l ec t i on . 
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1. Introduction 
Secondary plant compounds which by definition take no part in the 

basic metabolic processes of a plant may nevertheless fulfil significant 
ecological roles. A highly coloured flower pigment which is not essential 
for the survival of an individual plant may nevertheless be of vital 
importance to the survival of the species if it serves to attract 
pollinating insects or birds. A volatile terpene or water-soluble phenolic 
compound liberated by one plant may inhibit germination or growth in a 
competitor and there is overwhelming evidence that certain secondary 
compounds protect the plants that synthesise them from attack by herbivores 
and/or invasion by pathogens. I am concerned here with the role that 
secondary compounds play in the relationships which exist between plants 
and hervivorous insects. The subject is a complex one and one which has as 
yet been poorly explored. I believe, however, that its study can not only 
increase our basic knowledge of the way in which ecosystems have evolved 
but also provide us with new approaches to the control of insect pests. 

Plants lack the mobility which is often an animal's first and best 
safeguard against predators. As a conseguence, plants have evolved many 
different types of static defence, several of which may frequently be found 
in the same individual. Physical defences include thorns and prickles that 
deter larger herbivores, hairs on leaf surfaces that can prevent the laying 
of eggs by an insect and hard seed coats which can foil all but the most 
specialised seed eater. The scattering of seeds which makes them less 
readily discovered by animals can also be regarded as a behavioural trait 
with protective significance. It is, however, the ability of plants to 
synthesise compounds that are physiologically active in other organisms 
that provides them with one of their most important defences against 
predators. 

2. Toxins and deterrents 
The i nsec t i c ida l properties of certain plants or compounds extracted 

from them have been known to man s ince e a r l i e s t h i s t o r y . The Pyre thr ins 
from Chrysanthenum c inerar iaefol ium, rotenoids from Derr is species, and 
n icot ine from Nicotiana tabacum (the tobacco plant) provide good examples 
of na tu ra l products which have found widespread use i n the con t ro l of 
insect pests. Because a secondary compound i s toxic to one or more insect 
species i s no proof however that the compounds serves to protect the plant 
tha t conta ins i t from at tack by herbivorous insec ts i n i t s na tu ra l 
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environment. Nicotine may kill a whole range of garden pests but this in 
itself is no certain evidence that nicotine's insecticidal propertie can 
confer, or once conferred, a selective advantage, on the tobacco plant in 
its natural habitat. It may even be argued that such a hypothesis is 
untenable because the tobacco plant is not totally immune from insect 
attack. It provides food for a number of species including the larvae of 
Manduca sexta (the tobacco hornworm). Other apparent paradoxes include 
canavanine, a non-protein amino acid and close analogue of arginine, which 
is lethal when included at concentrations of 5% in the larval diet of the 
seed-beetle Callosobruchus naculatus (Ganzen et al., 1977) but fails to 
protect the seeds of Dioclea megacarpa, which contain no less than 13% of 
canavanine, (Rosenthal et al., 1977) against the larvae of another seed-
beetle Caryedes brasiliensis, and cycasin, a highly toxic carcinogen 
present in the leaves of the cycad Zaraia floridana which is nevertheless 
the host plant for the larvae of the hair-streak butterfly Eumaeus atala 
(Rothschild et al., 1986). 

The significance of these examples lies not in the failure of the 
secondary compounds to protect the plants against all insect predators, but 
rather in what we know about the successful predators. Each of these is 
specifically adapted to circumvent the expected physiological effects of 
the principal secondary compounds present in its food plant. The larvae of 
Manduca sexta excrete nicotine (Self et al., 1964). The larvae of Caryedes 
brasiliensis possess both a highly specific arginyl-tRNA-synthetase which 
is able to discriminate against canavanine and thereby prevent its 
incorporation into protein in place of arginine (Rosenthal et al., 1976) 
and the ability to degrade the amino acid (Rosenthal et al., 1977). The 
larvae of Eumaeus atala sequester cycasin which is eventually transferred 
to the pupae and aposematic adults (Rothschild et al., 1986). The presence 
of specific adaptations such as these in sucessful insect predators 
provides very strong evidence that these particular secondary compounds do 
have a defensive role. If they did not, it is difficult to conceive why 
natural selection has favoured those insects which are adapted in ways 
which enable them to isolate, detoxify of excrete those secondary compounds 
that characterise their host plants. 

Secondary compounds from plants include insect antifeedants as well as 
toxins and it must be emphasised that toxicity and antifeedant properties 
are not necessarily related. The toxicity of a secondary compound can be 
established by means of feeding experiments and, even when toxicity can be 
demonstrated in more than one species, their may be marked variations in 
the sensitivity of different species to the same compound. Castano-spermine 
(1,6,7,8-tetrahydroxyoctahydroindolizine), a polyhydroxyalkaloid from 
Castanospermum australe, was found to reduce the production of adult 
insects by 70% when incorporated into the larval diet of Callosobruchus 
•naculatus at a concentration of .005%. The same concentration of 
castanospermine in the larval diet of Tribolium confusum had no effect 
(Nash et al., 1986). Determining how effectively a compound acts as an 
antifeedant (or phagostimulant) is less easy than determining its toxicity. 
An insect may be given a series of choices between a control such as sugar 
and sugar containing increasing concentrations of a secondary compound. To 
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obtain statistically significant results, however, large numbers of insects 
are reguired and a plentiful supply of secondary compound must be 
available. The method is also very time-consuming. Schoonhaven et al. (this 
volume) describe research using electrophysiological methods designed to 
intercept and unravel the sensory code produced by the chemoreceptors of 
herbivorous insects in response to stimulation by either purified plant 
compounds or crude plant extracts (Blaney & Simmonds, 1983). The 
development of this technigue is of particular significance as it provides 
a means of assessing the reaction of a specific insect, not only to 
individual secondary compounds but also to the complex mixture of compounds 
which make up a living plant. The technigue also has the advantage of 
reguiring a very small volume (200 ul) of fluid, making it possible to 
identify the antifeedant (or phagostimulating) properties of a plant even 
when little plant material is available. This is an important consideration 
as the availibility of plant material and the difficulties of isolating 
compounds in sufficient guantity for bioassay are freguently serious 
constraints in the study of insect/plant relationships. The technigue can 
be used moreover to facilitate the isolation of an antifeedant (or 
stimulant) as the biological activity of individual fractions can be 
assayed during extraction and purification procedures. , 

Insects may be prevented from feeding by the presence of a wide 
variety of secondary compounds including terpenoids, flavonoids and 
alkaloids. The reaction of different insect species to the same compound 
may vary greatly, however. The larvae of Spodoptera exempta are completely 
deterred from feeding by very low concentrations of azadirachtin which 
occurs in Azadjrachta indica (the neem tree). The larvae of the related 
species S. littoralis are relatively insensitive to this compound, however, 
and will ingest it even though it is toxic to them. In contrast, the 
poly hydroxy alkaloid 2,5-di hydroxy met hy 1-3,4-di hydroxy pyrrolidine, which 
deters Locusta migratoria from feeding at concentrations as low as 0.001%, 
is non-toxic to the insect when force-fed in gelatin capsules (Blaney et 
al., 1984). It must also be appreciated that minor structural differences 
between secondary compounds may be accompanied by significant differences 
in their biological activity in insects or other organisms. 

3. Attractants and phagostimulants 
In their paper on kairomones, Reinbold and Tober (this volume) 

describe the detection of sesquiterpene alcohols and hydrocarbons in 
extracts of Cajanus cajan (the pigeon pea) which attract egg laying 
Heliothis armigera to this its host plant. The ability of a female insect 
to find the correct host plant on which to lay her eggs may clearly involve 
more than one of her senses but it is not unreasonable to suggest that the 
ability of an egg laying female to detect very low concentrations of 
volatile compounds originating from the host plant may be no less important 
to the survival of an insect species than the ability of the male to detect 
low concentrations of pheromones produced by the female. 

Schoni and Stadler (this volume) have studied the effects of various 
chemicals present in the leaves of cabbage on the egg laying behaviour of a 
number of insects that are pests on that plant. Although the presence of 
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glucoainolates (mustard oils) is undoubtedly an important factor in 
stimulating egg laying in adults and/or feeding in the larvae of cabbage 
insects, these authors emphasise the importance of the total chemical 
profile of the plant to the insect. This point has also been made by van 
der Meijden and van Zoelen (this volume) in relation to plant selection for 
oviposition by Tyria jacobaeae (the Cinnabar moth). These authors have 
shown that selection of individual plants of Senecio jacobaea (ragwort) is 
related to both the concentration of water-soluble carbohydrates and 
protein nitrogen plants, which are richest in soluble carbohydrates, are 
poorest in protein nitrogen. The insects avoid plants that are either very 
rich or very poor -in soluble carbohydrates or protein nitrogen. Commenting 
on their results, they state that "the absence of a positive response of 
oviposition on protein nitrogen at high concentrations may be due to 
protein nitrogen itself, to the composition of the amino acids, or to an 
unfavourable factor associated with a high protein nitrogen concentration. 
There are at least two associated factors in this animal-plant interaction: 
alkaloids are positively correlated with protein nitrogen while water-
soluble carbohydrates (sugars) are negatively correlated". 

4. Discussion 
Secondary compounds in plants may act as attractants or repellants, 

phagostimulants or antifeedants, nutrients or toxins to phytophagous 
insects. When we ascribe any form of biological activity to a plant 
compound, we must be careful to identify the insect or insects in which the 
particular effect has been observed. A compound which acts as a toxin to 
the majority of potential predators in a plant's environment may serve as 
an attractant or stimulant to a specialist feeder which is not adversely 
affected by that compound. This apparent reversal of response on the part 
of the specialist feeder is probably related to the selective advantage 
enjoyed by an insect capable of choosing a host plant that is unavailable 
to most of its competitors. 

In discussing the biological activity of a particular compounds we 
must always be aware, however, that an insect under natural conditions may 
be responding not merely to a given concentration of a specific compound 
but to the total chemical profile of the plant in which the compound 
occurs. This profile may vary, not only from species to species but also 
from individual to individual, or even from leaf to leaf and hour to hour 
in the same plant. The development of electrophysiological technigues 
capable of providing information on how an insect perceives not only single 
compounds but complex mixtures must therefore be welcomed as a major 
advance, opening as it does a new door to our clearer understanding of the 
ways in which insects themselves identify those plants that are suitable 
for purposes such as laying their eggs or eating and those that are to be 
avoided. 

At the biochemical level, the elucidation of the ways in which plant 
toxins affect insects is of considerable economic importance. Knowing that 
a secondary compound disrupts a metabolic pathway present in insects but 
not in mammals or interferes with an enzyme system present in one insect 
but not in another could well be of significance in developing new pest 
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c o n t r o l agents. 
The deve lopmen t o f a method f o r e v a l u a t i n g t he response o f s p e c i f i c 

i n s e c t s t o compounds or m ix tu res of p l an t compounds t h a t a f f e c t pa t te rns o f 
b e h a v i o u r i n i n s e c t s i s pe rhaps even more i m p o r t a n t , however . To have an 
i n s i g h t i n t o the way t h a t a p a r t i c u l a r p l a n t or p a r t o f a p l a n t can 
a t t r a c t , s t i m u l a t e or r e p e l ( w i t h o u t n e c e s s a r i l y p o i s o n i n g ) an i n s e c t 
p rov ides an o p p o r t u n i t y to advance our u n d e r s t a n d i n g o f t h i s f a s c i n a t i n g 
i n t e r f a c e o f p l a n t and an imal b i o logy t h a t makes s imul taneous demands on so 
many o f the t r a d i t i o n a l s c i e n t i f i c d i s c i p l i n e s . 

I t a l so p rov ides an oppo r tun i t y t o develop methods f o r the c o n t r o l o f 
i n sec t pests which do not damage an e n t i r e sec t i on of the ecosystem. 
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KAIROMONES IN LEGUMES AND THEIR EFFECT ON BEHAVIOUR OF HELIOTHIS ARMIGERA 

H. REMBOLD & H. TOBER 
M a x - P l a n c k - I n s t i t u t e f o r B iochemis t ry , D-8033 M a r t i n s r i e d , FRG 

1 . In troduct ion 
H e l i o t h i s a rmigera (Hübn.) i s a major pest o f va r ious legumes main ly 

i n I n d i a . The annual l oss o f the two major pu lses , chickpea and pigeonpea, 
has been e s t i m a t e d t o exceed $ 300 m i l l i o n per year and l o s s e s i n o t h e r 
c r o p s s u b t a n t i a l l y add t o t h i s t o t a l (Reed St. Pawar, 1981) . I t i s commonly 
cons idered t h a t H e l i o t h i s spp. are becoming an even i nc reas ing problem due 
t o improv ing and ex tend ing a g r i c u l t u r a l p r a c t i c e s . 

We are i n i t i a t e d a s tudy on the chemica l bas is of H e l i o t h i s a rmigera 
r e s i s t a n c e o f c h i c k p e a ( C i c e r a r i e t i n u m ) and p igeonpea (Cajanus ca jan) 
v a r i e t i e s i n c o l l a b o r a t i o n w i t h ICRISAT I n d i a (Rembold & W in te r , 1981). Our 
main i n t e r e s t i s c o n c e n t r a t e d on such v o l a t i l e compounds w h i c h , when 
r e l e a s e d by t h e p l a n t , s t r o n g l y a f f e c t t he pes t i n s e c t ' s b e h a v i o u r . Such 
a l l e l o c h e m i c a l s were shown t o be p r e s e n t i n c h i c k p e a seeds , where they 
s t r o n g l y a t t r a c t H. a r m i g e r a l a r v a e (Saxena & Rembold , 1984 ) , and i n 
p i geonpea l e a v e s , where t hey a t t r a c t t h e pes t i n s e c t f o r o v l p o s i t i o n 
(Rembold & Tobe r , 1985) . He re , by use o f a s t a n d a r d i z e d l a b o r a t o r y assay , 
the d i f f e r e n t i a l a t t r a c t i o n by two pigeonpea c u l t i v a r s was t es ted and the 
v o l a t i l e s i g n a l s , a c t i n g as k a i r o m o n e s , were f o u n d i n t h e more v o l a t i l e 
f r a c t i o n s o f the mono- and sesgu i te rpeno ids . This group of compounds was 
t hen f u r t h e r f r a c t i o n a t e d t h r o u g h c a p i l l a r y gas chromatography and t h e i r 
aromagrams were used f o r a c h a r a c t e r i z a t i o n of severa l pigeonpea v a r i e t i e s 
w i t h d i f f e r e n t s u s c e p t i b i l i t y to H e l i o t h i s a t t a c k . I n c o n t i n u a t i o n of these 
s t u d i e s we are now ab le to c ha rac te r i ze pigeonpea v a r i e t i e s o f d i f f e r e n t 
s u s c e p t i b i l i t y t o H. a rmigera a t t ack by use of a b ioassay, and a n a l y t i c a l l y 
by compu te r i z i ng t h e i r t y p i c a l aromagrams. 

2 . Mater ia ls and methods 
Chemicals. A l l chemicals were o f a n a l y t i c a l grade and were purchased f rom 
Merck (Darmstadt) or f rom Merck I n d i a (Bombay). Hexane ( l a b o r a t o r y grade) 
was r e d i s t i l l e d w i t h o u t f u r t h e r f r a c t i o n a t i o n . 

Gas chromatography, mass spec t romet ry . D e t a i l s f o r t hese t e c h n i g u e s have 
been pub l i shed a l ready (Rembold & Tober, 1985). They were i d e n t i c a l l y used 
f o r t h i s s tudy. 

P l a n t m a t e r i a l s . The p igeonpea c u l t i v a r s ICP-7203 ( s u s c e p t i b l e ) , ICP-7349 
( i n t e r m e d i a t e , c h e c k ) , and PPE-45 ( r e s i s t a n t t o H e l i o t h i s a t t a c k ) were 
grown on the p e s t i c i d e f r e e area o f ICRISAT. The leaves were c o l l e c t e d a t 
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the p lan ts ' f l owe r i ng stage. Ex t rac t i on of p lant ma te r i a l s , steam 
d i s t i l l a t i o n , and f r a c t i o n a t i o n of hexane ex t rac ts has been described 
elsewhere (Rembold & Tober, 1985). 

I n sec t s and ov ipos i t ion t e s t . The techniques as described elsewhere 
(Rembold & Tober, 1985) have been used a l so for t h i s s tudy. 

3. Results and discussion 
In our assay system, contact w i t h the source of a s t imu lus i s 

carefu l ly avoided by use of a rectangular chamber wi th glass walls on i t s 
side and wire-nets pn i t s two opposite ends (Fig. 1). Seedlings can thus be 
placed without al lowing contact for the egg laying female. In most cases 
they layed the i r eggs onto the wire-net. There, the eggs were counted af ter 
a twelve hours test period. For test ing plant extracts, a s im i la r procedure 
was fol lowed. In t h is case, a p last ic disc, e i ther containing the material 
to be tested or being empty, was f ixed to the wire-net wal l of the chamber. 

F i g . 1 . Type of l a b o r a t o r y 
assay as used f o r t he 
measurement of o v i p o s i t i o n 
p r e f e r e n c e of H e l i o t h i s 
arnigera. 

• w i r e - n e t 

p e t r i - d i s h Jj 
Keeping in mind that oviposition behaviour is influenced by different 

factors like visual or contact stimuli, still a clear effect through a 
volatile stimulus can be demonstrated which is in accordance with the pest 
damage under field conditions, the less susceptible pigeonpea variety being 
less preferred for oviposition, and vice versa. The kairomone can be 
extracted with petrol ether and the soluble material, after evaporation of 
the solvent, stimulates oviposition on the wire-net of its side. 

In the field Heliothis females lay their eggs near to the flowers 
preferentially. This is also reflected by a strong stimulatory effect of 
flower extract (Table 1). However, an extract from leaves is also active 
and the stimulus is even stronger in the steam distillate of the leaves. 

Concerning the significance of these data, one has to keep in mind how 
complex the final decision for egg laying is, especially after only one 
part of the whole sequence of signals is offered to the female in the test, 
i.e., the olfactory one. As has been shown in our earlier study (Rembold & 
Tober, 1985), oviposition preference and the number of eggs layed by an 
individual Heliothis moth seem to be linked to each other in such a way 
that females laying less than 200 or more than 500 eggs per night are less 
selective in their preference behaviour than the middle group. For the 
present tests, all the data were used for calculation, however. 


