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ABSTRACT 
Powders prepared from Chrysanthemum coronarium, C. myconis and C. segetum (Asteraceae) were tested for their effectiveness on 
Spodoptera littoralis larval feeding behaviour, development and survival under laboratory conditions. The powders were incorporated into 
an artificial diet at three concentrations (4, 8, 16% w/w), and tested in a no-choice bioassay. Third-instar larvae were individually fed on 
an artificial diet added with powders of the three Chrysanthemum species for 10 days. Each diet disc was weighed before presenting it to 
the larvae, and reweighed and replaced by a newly weighed disc every 2 days throughout the trial. Each larva was also weighed every 2 
days. Consumption of control and treated discs was recorded and antifeedant indices and relative growth rates (RGR) were calculated. 
Duration of stages, mortality and deformities were also recorded until adult emergence. A 10-days feeding period promoted the prolonga-
tion of larval instars, a potent antifeedant activity, reduction in the RGR, a moulting disruption and mortality of S. littoralis in a dose-
dependant manner. When higher concentrations of flowerhead powders were applied the effects appeared shortly and mortality was higher 
especially when larvae were fed 16% of C. myconis powder, and a less effect was observed with C. coronarium. Chrysanthemum powders 
may contain secondary compounds with insecticidal activities causing mortality and disrupting the development of larvae and thus 
preventing them from causing damage to the crop. 
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INTRODUCTION 
 
Increasing public concern over environment pollution and 
toxicity due to the use of broad spectrum persistent synthe-
tic insecticides whose toxic residues contaminate soils has 
stimulated a search for natural compounds that could 
replace synthetic insecticides in insect pest control (Addor 
1995; Ishaaya and Horowitz 1998). During the two decades 
both synthetic and botanical pesticides that are biodegra-
dable and less persistent have been identified and developed 
in this regard (Blaney et al. 1988). Molt hormones and rela-
ted phytoecdysteroids, which at certain applications elicit 
abnormal molting associated with lethal development and 
reproductive derangements, have been considered as poten-
tial pest control agents (Kubo et al. 1983). With this in 
mind, many African researches have been studying a range 
of plant compounds that show toxicity to insects or to 
modify their behaviour (Ben Jannet et al. 2000, 2001; 
Chaieb et al. 2001a, 2001b, 2002; Haouas et al. 2005, 2006). 
In fact, more than 2000 plants species are known for their 
insecticidal activities (Broussalis et al. 1999). Among these 
species we can quote Azadirachta indica A. Juss (Melia-
ceae) (Weinziel and Henn 1995; Isman 1997) and Chrysan-
themum cinerariaefolium (Asteraceae) (Burkhart and Burk-
hart 2002). Plants belonging to the Asteraceae family have 
been repeatedly reported as containing insecticidal com-
pounds (Teixeira da Silva 2004; Teixeira da Silva et al. 
2005). Some species from the genus Chrysanthemeum have 
been shown to have potent antifeedant activity against Lepi-
dopterian larvae. In fact, Secoy and Smith (1983) isolated 
pyrethrins from dried flowers of C. cinerariaefolium. Poly-
acetylenic compounds have been isolated for the aerial parts 

and insect antijuvenile hormone activity has been detected 
from some of them (Bowers and Aregullin 1987; Sanz et al. 
1990). From flowerheads of C. coronarium, sesquiterpene 
lactones have been isolated (El-Masry et al. 1984). C. coro-
narium flowerhead essential oil was active both in contact 
and headspace in vitro assays producing hyphal growth 
inhibition (Alvarez-Castellanos et al. 2001). Pottier-Alape-
tite (1981) reported the presence of 13 spontaneous Chry-
santhemum species in Tunisia. In the context of ongoing in-
terest in potential natural insect antifeedants the preliminary 
investigation of the antifeedant activity against the cotton 
leafworm Spodoptera littoralis larvae of flowerhead pow-
ders has been studied for three Chrysanthemum species 
(Asteraceae) growing in Tunisia. 

A general idea was given about biology and behaviour 
of this Lepidoptera. In fact, between 2 and 5 days after 
emergence, females lay 1000-2000 eggs on the lower leaf 
surface of the host plant. Eggs were spherical, somewhat 
flattened, usually whitish-yellow, 0.6 mm in diameter, laid 
in batches and covered with hair scales from the tip of the 
abdomen of the female moth (OEPP/EPPO 1981). Fecun-
dity is adversely affected by high temperature and low 
humidity. The eggs hatch in about 4 days in warm condi-
tions, or up to 11-12 days in winter (Baker and Miller 1974).  
Larva attains 40-45 mm in length; hairless and variable in 
colour. They pass through six instars in 15-23 days at 25-
26°C (OEPP/EPPO 1981). At lower temperatures, larvae 
often go through an extra instar, and maturation may take 
up to 3 months (Nasr 1973). The young larvae (first to third 
instar) feed in groups. Later, the (4th to 6th instar) larvae dis-
perse and spend the day in the ground under the host plant, 
feeding at night and early in the morning. Pupa was 15-20 
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mm long, red-brown. The pupal period is spent in the soil 
and lasts about 11-13 days at 25°C. The moths with grey-
brown body, 15-20 mm long (Cayrol 1972; Mochida 1973; 
Brown and Dewhurst 1975) have a flight range of 1.5 km 
during a period of 4 h overnight, facilitating dispersion and 
oviposition on different hosts. Longevity of adults is about 
4-10 days, being reduced by high temperature and low 
humidity. Thus, the life cycle can be completed in about 5 
weeks (Salama and Shoukry 1972). 

To the best of our knowledge no work on insecticidal 
activity of Tunisian Chrysanthemum species has been found 
until now. In this study, S. littoralis was used because it is, 
worldwide, an economically important pest of cotton, vege-
tables and ornamentals, and resistant populations cause 
severe problems in various regions in Tunisia. On the other 
hand the Lepidopterian S. littoralis larvae are especially 
interesting for studying how some plant compounds can 
deter feeding because they possess few taste sensilla, 
grouped on three organs on the cephalic capsule (Bernays 
and Chapman 1994; Marion-Poll and Descoins 2002). The 
sensilla are known to house taste neurones, which are likely 
to be involved in the perception of plant secondary com-
pounds such as phytoecdysteroides (Schoonhoven 1987; 
Marion-Poll and Descoins 2002). 

 
MATERIALS AND METHODS 
 
Plant material 
 
Three species of the genus Chrysanthemum L. (Asteraceae). C. 
coronarium L., C. myconis L. and C. segetum L. were collected in 
2006 at the flowering stage from a natural plot in the locality of 
Nabeul, in the northeast coastal region of Tunisia and subsequently 
identified in the laboratory. Voucher specimens were deposited at 
the herbarium of the Higher Agronomic Institute (HAI) of Chott-
Meriem, University of Sousse, Tunisia. Flowerheads were sepa-
rated from each plant species, dried for one week, at room tempe-
rature and ground to 1 mm diameter particle size with a rotating-
knives mill (Moulinex model). Powders were stored at 4°C and 
added to the S. littoralis larvae’s artificial diet. 
 
Insect culture 
 
Spodoptera littoralis adults were trapped, identified by the ento-
mologist Dr. Ben Halima-Kamel Monia, reared in Plexiglas boxes 
and fed with 15% (v/v) honey water solution. Spodoptera larvae 
obtained from eggs were kept on Petri dishes at 25 ± 1°C, under a 
16:8 light:dark photoperiod and 70% relative humidity and reared 
on a maize-based artificial diet (Poitout and Bues 1974) for >30 
generations. The culture has been continuously supplemented with 
wild moths captured in a light trap at the HAI of Chott-Meriem. 
 
Bioassays 
 
Artificial diet 
 
Constituents of artificial diet were: 77.95% water, 1.83% agar, 
12.84% maize semolina, 3.21% wheat germ, 3.43% beer yeast, 
0.45% ascorbic acid, 0.13% benzoic acid, 0.11% nipagine (para-
hydroxybenzoic acid ester) (M.W.=152.1, Biomedicals LLC., 
France) and 0.05% formic aldehyde. 
 
Feeding assays 
 
A no-choice bioassay was used to test whether the compounds 
could suppress or reduce feeding for a period of time. Ten larvae at 
the beginning of the third instar having similar weight (10-12 mg) 
were deprived of food for 4 h before being placed individually in 
Petri dishes (9 cm diameter) with artificial diet discs mixed with 0 
(for controls), 4, 8, and 16% (wt/wt) of each Chrysanthemum 
species’ flowerhead powder. Each disc was weighed before being 
presented to the larvae, and reweighed and replaced by a new 
weighed disc, every 2 days. The feeding trial was conducted for 10 
days in 5 replicates using larvae from a different generation of the 
stock culture. Each larva was also weighed every 2 days for 10 

days, which is the necessary period before the pupa instars. 
 
Nutritional indices 
 
Results presented here are therefore the outcome of pooled data of 
five replications. The nutritional indices were calculated as 
follows: Antifeedant index (AFI) was calculated, for each larvae, 
every 2 days until the 10th day of the trial essay, from the formula: 
AFI=[(C-T)/ C+T))x100],  with C as the consumption of control 
discs and T the consumption of the treated discs. A positive value 
for the antifeedant index indicates an antifeedant and a negative 
one indicate a phagostimulant effect. The relative growth rate 
(RGR) was calculated every 2 days over the 10-days trial as fol-
lows: RGR = final wt/initial wt/day, and expressed in mg/mg mean 
wt/day (Zhang et al. 1993). 
 
Behavioural bioassays 
 
Two parameters were also assessed: a) Duration of each larval 
instar in the control and each treatment over 10 days, by noting the 
date of cuticle exuviations, b) Larvae, pupae and adult mortality, 
were recorded until adult emergency. Larval and pupal abnormali-
ties were also reported. 
 
Statistical analysis 
 
The antifeeding and nutritional indices of different treatments 
were compared statistically using analysis of variance (ANOVA) 
and differences among the means were determined for significance 
at P < 0.05 using Duncan’s multiple range test by the system prog-
ram SPSS 12.0 software for Windows 2003 (SPSS Inc., Chicago, 
IL). 
 
RESULTS 
 
Effects of Chrysanthemum flowerhead powders on 
feeding of S. littoralis larvae 
 
A no-choice feeding bioassay was used to test whether the 
flowerhead powders of the three Chrysanthemeum species 
could suppress or reduce feeding for a period of time. Those 
powders added in the diet discs differ in their effects on the 
feeding behaviour of the larvae. The results of the bioassays 
are presented in Table 1. The feeding indices varied from 
2.6 to 50.0. Chrysanthemum flowerhead powder added at 4 
or 8% did not deter feeding until the 8th day of the bioassay. 
When added at 16% and after 10 days it showed a potent 
antifeedant activity which reached 42.2, 47.5 and 50.0 for C. 
segetum, C. coronarium and C. myconis, respectively, 
which is related to a decrease in consumption probably due 
to anti-feeding substances present in Chrysanthemum spe-
cies. Consumption by the 3rd instar larvae of treated diet 
discs added with 16% of Chrysanthemum flowerhead pow-
ders was significantly lower than consumption of control 
discs or discs to which 4% or 8% of powder was added. 
 
Effect of three Chrysanthemum spp. flowerhead 
powders on duration of larval instars 
 
When reared on control discs, duration of the larval 3rd 
instar varied from 3.4 ± 0.6 to 4.2 ± 0.9 days (Table 2). 
Whatever was the species and the concentration, addition of 
Chrysanthemum flowerhead powders in the diet delayed 
larval development. The 4th instar larvae fed on 16% of C. 
corornarium or C. myconis flowerhead powder was the 
longest, 20.2 ± 1.3 and 21.5 ± 1.7 days, respectively. Dura-
tion of the 4th instar for larvae nourished on 16% of C. sege-
tum flowerhead powder was shorter (14.7 ± 1.4 d.). This 
difference in instar duration could be allotted to intrinsic 
composition in antifeedant substances for each Chrysanthe-
mum species. The larvae nourished on an artificial diet 
added with C. myconis or C. segetum flowerhead powder at 
16% died before reaching the stage pupa although con-
sumption of powder at a low concentration allowed the 
larvae to complete the pre-pupal stage and pupate. 
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Effect of three Chrysanthemum spp.’s flowerhead 
powders on the RGR of larvae 
 
Independently of the Chrysanthemum species, the larvae of 
the 3rd instar fed on discs added with flowerhead powder 
did not exhibit more substantial growth than those offered 
control discs. In fact, the rate of growth, indicated by RGR, 
calculated for the period when insect larvae were fed on 
treated discs, showed a direct antifeedant effect at the con-
centrations tested (Table 3). It was more reduced when the 
third instar larvae were treated with 16% of C. coronarium 
powder (0.27 mg/mg/day). Relative growth rates were dose-

dependant, which indicates the deleterious action of Chry-
santhemeum flowerhead powders on insect growth. 

Table 4 shows the effects of the different treatments on 
mortality of larvae, pupae and adults. The number of adults 
that emerged (from 30 treated larvae) at the end of the trial 
is also noted. The 5th instar larvae fed on a diet to which 4 or 
8% of flowerhead powders were added showed some mor-
tality, between 0-20%, for the three species. Independent of 
the species, no mortality was shown for pupae originating 
from larvae fed on 8% of powder. Mortality increased for 
pupae originating from larvae fed on 4% of C. coronarium 
or C. segetum, with 25% and 10%, respectively perishing. 
Mortality of adults increased only for those fed on 8% of C.  
coronarium (62.5%). All the 5th instar larvae died when fed 
on 16% of C. myconis flowerhead powder, whereas larvae 
fed with the same percent of powder from C. segetum or C. 
coronarium flowerheads caused 70% of larvae and 100% of 
pupae deaths, and none of the 30 treated insects emerged as 
adults. High pupal death percentage, which was typical for 
insects fed on 16% of Chrysanthemum flowerhead powder 
seemed to be due to defective morphogenesis in the last 
instar (5th one) along the period of the treatment, and some 
pupae showed morphological abnormalities in the pupal 
instar (Fig. 1). 
 
DISCUSSION 
 
The present work revealed the effect of the three Chrysan-
themum species on S. littoralis. The feeding behaviour 
study showed that Chrysanthemum flowerhead powders had 
an antifeedant effect. This effect was previously observed 
for Tribolium confusum treated with the same Chrysanthe-
mum species methanolic extract (Haouas et al. 2008), and 
for S. littoralis after ingestion of Cestrum parquii L’Herit. 
extract (Chaieb et al. 2001a). After 4 days it was also noted 
that the AFI was very low at the beginning of the assay 

Table 1 Feeding indices of S. littoralis third instar larvae reared, along the 10 days of the trial, with artificial diet discs mixed with 4, 8, and 16% (w/w) 
of three Chrysanthemum species flowerhead powders. Powder food consumption was recorded every 2 days (2d) along the trial essays. 

Feeding index1 Flowerhead powder 
(mg %) 2 d 4 d 6 d 8 d 10 d 
C. coronarium 21.2 ± 4.6 d  2.6 ± 15 a 16.2 ± 9.3 ab 25.5 ± 9.2 abc 32.6 ± 11.7 a 
 21.9 ± 3.7 d  2.9 ± 1.4 ab 21.7 ± 5.7 bcd 25.2 ± 10.8 abc 37.5 ± 11.6 ab 
 27.4 ± 6.3 e  5.1 ± 1.9 bc 26.5 ± 7.2 de 43.8 ± 10.2 d 47.5 ± 12.3 bc 
C. myconis 19.7 ± 4.7 cd  4.0 ± 1.7 ab 18.4 ± 8.9 abc 23.4 ± 9.3 a 37.2 ± 12.2 ab 
 22.4 ± 5.4 d  6.4 ± 2.2 c 23.6 ± 6.6 cde 33.3 ± 8.0 c 34.1 ± 11.9 a 
 22.2 ± 4.6 d 11.1 ± 4.3 d 27.1 ± 8.3 de 33.4 ± 9.1 c 50.0 ± 12.5 c 
C. segetum 16.6 ± 3.8 bc  5.0 ± 1.8 bc 18.2 ± 5.4 abc 24.2 ± 7.7 ab 33.0 ± 10.6 a 
 15.3 ± 4.4 ab  3.7 ± 1.0 ab 14.6 ± 5.4 a 27.1 ± 9.3 abc 32.0 ± 9.5 a 
 11.3 ± 3.7 a 15.4 ± 4.9 e 29.7 ± 7.8 e 32.0 ± 9.1 bc 42.2 ± 11.8 abc 

1Feeding index [(C-T)/C+T)) x100], where C and T represent the amount eaten of control and treated discs, respectively. 
Values are mean ± s.e.m. (n = 30), (each value is the mean of three replicates). 
Means followed in the same column by the same letter are not significantly (P > 0.05) different in Duncan’s multiple range test. 

Table 2 Mean length (in days) of the larval instars of S. littoralis larvae 
fed for 10 days on artificial diet discs mixed with 0 (control), 4, 8, and 
16% (w/w) of three Chrysanthemum species flowerhead powders. Values 
are mean ± s.e.m. (n = 30). 

Larval instars Powder added 
(mg %) 3 rd 4th 5th 
Control (0%) 3.4 ± 0.6 1a  3.7 ± 0.8 a  4.2 ± 0.9a 
C. coronarium    
4 5.2 ± 0.6 c  8.2 ± 2.6 c 11.6 ± 2.6 d 
8 4.6 ± 0.6 bc  7.8 ± 1.8 c 12.7 ± 1.4 de 
16 9.3 ± 1.3 e 21.5 ± 1.7 f 19.4 ± 1.4 f 
C. myconis     
4 4.8 ± 0.8 bc  9.1 ± 2.5 cd 12.2 ± 1.5 d 
8 5.2 ± 0.8 c 10.3 ± 1.5 d 12.2 ± 1.6 d 
16 9.0 ± 1.0 2e 20.2 ± 1.3 f 19.4 ± 0.9 f 
C. segetum    
4 4.3 ± 0.9 b  6.3 ± 1.2 b  7.7 ± 1.6 b 
8 3.5 ± 0.6 a  5.9 ± 1.4 b  9.7 ± 1.6 c 
16 6.5 ± 1.1 a 14.7 ± 1.4 e 14.3 ± 1.5 e 

1Each value is the mean of three replicates. Means followed by the same letter 
within columns are not significantly different according to Duncan’s multiple 
range test at P > 0.01 

 

Table 3 Relative growth rates of S. littoralis third instar larvae reared on artificial diet added or not (control) with C. coronarium, C. myconis, C. segetum 
flowerhead powders, calculated every 2 days along 10 days. Values are mean ± s.e.m. (n = 30). 

Relative Growth Rate Concentration  
(mg%) 2 d 4 d 6 d 8 d 10 d 
Control 1.0 ± 0.11a 1.0 ± 0.1 a 1.3 ± 0.2 a 1.6 ± 0.5 a 2.3 ± 0.7 a 
C. coronarium      
4 0.8 ± 0.1 b 0.8 ± 0.1 b 0.8 ± 0.1 bcd 0.9 ± 0.2 c 0.9 ± 0.2 cd 
8 0.8 ± 0.1 bc 0.6 ± 0.1 d 0.7 ± 0.1 de 0.8 ± 0.2 cd 0.9 ± 0.2 d 
16 0.7 ± 0.0 e 0.4 ± 0.0 f 0.3 ± 0.0 f 0.3 ± 0.0 e 0.3 ± 0.0 e 
C. myconis      
4 0.8 ± 0.1 bcd 0.7 ± 0.1 cd 0.7 ± 0.2 cde 0.9 ± 0.2 c 0.9 ± 0.2 cd 
8 0.7 ± 0.1 def 0.5 ± 0.1 e 0.6 ± 0.1 e 0.6 ± 0.1 d 0.8 ± 0.2 d 
16 0.7 ± 0.1 ef 0.4 ± 0.0 f 0.3 ± 0.1 f 0.4 ± 0.1 e 0.3 ± 0.1 e 
C. segetum      
4 0.8 ± 0.1 bc 0.8 ± 0.1 bc 0.8 ± 0.2 bc 1.2 ± 0.3 b           1.6 ± 0.7 b 
8 0.7 ± 0.1 cde 0.6 ± 0.1 d 0.9 ± 0.1 b 0.9 ± 0.2 c 1.2 ± 0.2 c 
16 0.6 ± 0.1 ef 0.4 ± 0.1 ef 0.4 ± 0.0 f 0.4 ± 0.1 e 0.4 ± 0.1 e 

1Means followed by the same letter within a column are not significantly different according to Duncan’s multiple range test at P > 0.01. 
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which indicated a moderate phagostimulant activity, 
probably related to the fact that substances were neither 
repellents nor suppressants (Chapman 1974). Larvae at the 
5th instar exposed to Chrysanthemum flowerhead powder 
took longer to reach the pre-pupal stage in comparison to 
the control. Thirty percent of the larvae treated on C. coro-
narium or on C. segetum at 16% could successfully pupate 
but were subsequently killed at this stage whereas 100% of 
the 5th instar larvae died when fed on C. myconis at 16%. 
Compounds present in the three Chrysanthemum species’ 
flowerhead powders added at 16% were drastically lethal to 
the 5th instar S. littoralis larvae. Several anomalies, relating 
to defective moulting, were observed (Fig. 1A-C). Parts of 
the old cuticle remained adhered to the larvae’s cuticle 
which turned dark suggesting that some physical activity 
was impaired and could probably be associated with low 
levels of ecdysteroids and juvenile hormones (Hori et al. 
1984). Larvae that did not moult did not complete the pro-
cess properly. Perception of plant secondary chemicals may 
vary between the larval stages. 

At a lower concentration (4-8%), 0% (powder from C. 
segetum or C. myconis) to 25 % (C. coronarium) of nymphs 
died before moulting. When the diet was provided in a no-
choice form, the secondary metabolites present in Chrysan-
themum powders did not deter feeding at a high proportion, 
but rather caused a prolongation of instars, deformities and 
mortality. Further studies will be undertaken to identify 
those compounds. Powders from Chrysanthemum flower-
heads, especially those from C. myconis, were found to 
have a moderate antifeedant activity and conspicuous toxic 
effects on the larvae of S. littoralis. Toxicity of the powders 
was manifested by a high mortality, reduced growth rates 
and low weight gain by larvae fed on diet discs containing 
16% of the powders. No larvae survived the pupation under 
this concentration. 

Secondary plant compounds having insecticidal activi-
ties probably present in Chrysanthemum flowerhead pow-
ders, such as antijuvenile hormone (Bowers and Aregullin 
1987), acetylenes (Sanz et al. 1990) or sesquiterpenes (El-

Masry et al. 1984), were promising for the control of S. lit-
toralis larvae, not only for causing mortality but also for 
disrupting the development of those larvae and so prevent 
them from causing damage to the crop. 
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