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Introduction

The pests Bemisia tabaci gennadius, Spodoptera litto-
ralis Boiduval, Tetranychus urticae koch (Jerraya 2003), 
Aphis gossypii glover and Myzus persicae sulzer infest and 
damage protected crops (Ben halima kamel 1991; Ben 
halima kamel and Ben hamouda 1993). protected crops, 
particularly pepper, can be heavily infested by aphids, 
which seriously affect the yield and quality of the crop 
(Ben halima kamel 1991; Ben halima kamel and Ben 
hamouda 1993; Blackman and eastop 2000). in tunisia, 
these aphids are controlled by spraying pesticides and 
plant extracts (Ben halima kamel et al. 2001) and by the 
release of Coccinella algerica kovar (Ben halima kamel 
2005, 2010). however, this method’s are not very effective 
in controlling this pest.

Worldwide, the control of aphid pests depends mainly 
on the frequent application of synthetic insecticides, which 
often results in both the aphids and their natural enemies 
by developing resistance to these products (sun et al. 
1994). chemical control is not an ideal method because it 
has many negative effects, such as the development of re-
sistance (gibson et al. 1982) and associated environmental 
problems, such as pollution of water, presence of toxic resi-
dues in food and the effects of pesticides on human health 
(laher et al. 2000; akol et al. 2002; pavela et al. 2004).

Biocontrol is an alternative method, which is not only 
ecologically, but also economically and socially sound. 

For the successful biological control of aphids, it is neces-
sary to search for effective natural enemies, particularly 
those that can be used to control aphids on crops (ra-
basse and van steenis 1987). in this context the following 
aphid natural enemies was occurred in tunisia: Aphid-
ius matricariae haliday, Lysiphlebus fabarum marshall, 
Aphidoletes aphidimyza rondani, Episyrphus balteatus 
De geer (Ben halima kamel and Ben hamouda 1998) 
and Lysiphlebus testaceïpes cresson was recorded in 1999 
(Ben halima kamel unpublished data). This parasitoid 
was introduced into the mediterranean area (costa and 
stary 1988). The importance and effectiveness of L. testa-
ceïpes in controlling A. gossypii was determined (rochat 
1997; lopes et al. 2007).

The success of biological control programs depend 
on the natural enemy used, the crop and the area to be 
treated. nevertheless, little information is known about 
the numbers of natural enemies that need to be released 
for biological control, especially parasitoids. in tunisia, 
the most effective rate of release varies depending on the 
crop infested by the target pest and the biocontrol agent. 
There is a need to determine the appropriate release rate 
based on the biology of the pest and the natural enemy(s) 
to be used to control the pest. 

in this study, the precise needed number of L. testa-
ceïpes to be released to control populations of A. gossypii 
of different initial densities in the laboratory was deter-
mined. moreover the efficiency of this parasitoid in con-
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AbstrAct

 in tunisia, greenhouse crops are damaged by Aphis gossypii Glover and Myzus persicae sulzer (Ben Halima Kamel 1991; Ben Halima 
Kamel and Ben Hamouda 1993, 1998). these aphids are considered to be the most dangerous pests of pepper because of their biology 
and biotic potential (Ben Halima Kamel 1991; Blackman and eastop 2000). there are several ways of controlling these pests with chemical 
control being the most widely used. this method has more disadvantages than benefits (Gibson et al. 1982). the use of natural enemies to 
control aphids is an effective way of improving the yield and quality of protected crops. there are many studies on the following naturally 
occurring enemies of A. gossypii: Aphidius matricariae Haliday, Lysiphlebus fabarum Marshall, Aphidoletes aphidimyza (rondani), Episyrphus 
balteatus (De Geer) (Ben Halima Kamel and Ben Hamouda 1998) and Lysiphlebus testaceipes (cresson) (Ben Halima Kamel, unpublished 
data, 1999). it is now important to evaluate the effectiveness of L. testaceipes as a biocontrol agent of A. gossypii. this parasitoïd was 
introduced into the Mediterranean area (carver and Franzmann 2001) and is thought to be an important parasite of A. gossypii (lopes 
et al. 2007). the aim of this mainly laboratory study was to determine the factors affecting the establishment and success of a biological 
control agent, in particular the number of L. testaceïpes relative to the initial density of A. gossypii, needed to control the aphid. in addi-
tion, the effect of the L. testaceïpes on structure of A. gossypii populations was evaluated. Furthermore, the effectiveness of L. testaceipes in 
controlling A. gossypii infesting a protected crop of pepper plants and the subsequent effect on the growth of the pepper plants was also 
evaluated.
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trolling A. gossypii infesting a greenhouse of peppers was 
determined and the subsequent effect on the growth of 
the plants was assessed.

Material and methods

bioassays carried out under laboratory conditions

The pepper Capsicum annuum l. variety alter was 
used as the host plant in all the experiments. The plants 
were isolated in cylindrical boxes covered with muslin and 
kept in controlled conditions. at the 8th leaf stage, plants 
were infested with A. gossypii and covered until required.

A. gossypii was reared on pepper under controlled 
laboratory conditions of 20 ± 2 °c and a photoperiod 
16/8 (l/D). These aphids were used to infest the pepper 
plants used in the experiments detailed below. a labora-
tory stock of the parasitoid L. testaceïpes was maintained 
using the aphid Rhopalosiphum padi (l.) infesting barley 
as the host. 

The numbers of A. gossypii infesting each plant in each 
cage ranged from D1 to D4, and the numbers of para-
sitoids from zero to 8 (table 1). The controls consisted 
of cages with infested plants but without L. testaceïpes 
(table 1). Four plants were used in each treatment.

The numbers of aphids on the plants was counted 
7  days after the introduction of L. testaceïpes into the 
cages. The numbers of the different stages: young larvae, 
old larvae, nymphs, apterae, winged aphids, mummified 
aphids, mummies from which parasitoids had emerged, 
were counted.

Table 1 the numbers of aphids and parasitoids used in each treatment.

Number of aphids Number of L. testaceïpes

D1: > 10 < 40 0 1 2 4 8

D2: > 40 < 80 0 1 2 4 8

D3: > 80 < 150 0 1 2 4 8

D4: > 150 0 1 2 4 8

Experiments in a greenhouse containing a pepper crop 

The greenhouse covered 384 m2 (32 m long × 12 m 
wide), was planted on 7/10/2007 and located at the tech-
nical center of organic Farming in chott mariem. This 
is in the coastal area of tunisia, which has an arid climate. 
The temperature and the relative humidity in the green-
house were recorded using a thermohygrograph. 

We released 250, 50 and 64 L. testaceïpes, respectively, 
in the greenhouse on 18/12/07, 24/12/07 and 2/1/08. The 

Table 2 effectiveness after seven days, of different numbers of L. testaceïpes in reducing the abundance of A. gossypii infesting pepper plants 
in laboratory conditions.

7 days Density
Global 

population1 Young larvae1 Old larvae1 Nymphal1 Aptera1 Winged 1 Mummies1 Hatched 
mummies1

control

D1 62.25 ± 3.4def 28.75 ± 6.7def 13.5 ± 3.1bc 7.75 ± 4.5ab 8.75 ± 2.9ab 3.5 ± 2.0 a 0.00 ± 0.0a 0.00 ± 0.0a

D2 157.75 ± 15.2gh 41.00 ± 14.9f 47.25 ± 4.6f 25.5 ± 7.9de 19.25 ± 10.5de 12.25 ± 2.9ab 0.00 ± 0.0a 0.00 ± 0.0a

D3 229.25 ± 13.2i 59.75 ± 17.4g 51.00 ± 11.3f 39.5 ± 12.8e 39.00 ± 10.4e 40 ± 11.1d 0.00 ± 0.0a 0.00 ± 0.0a

D4 577.25 ± 27.1l 130.00 ± 17.3i 111.25 ± i 97.75 ± 11.1g 103.25 ± 17.4g 135 ± 14.0g 0.00 ± 0.0a 0.00 ± 0.0a

1 
parasitoid

D1 42.25 ± 3.4cd 16.5 ± 3.8abcd 8.75 ± 2.5ab 4.25 ± 1.7a 10.5 ± 1.3ab 1.5 ± 1.0a 0.75 ± 0.5ab 0.00 ± 0.0a

D2 51.75 ± 2.0cde 18.75 ± 0.9bcde 12.5 ± 2.6bc 9.25 ± 0.9ab 9.75 ± 1.7ab 0.25 ± 0.05a 1.25 ± 0.5b 0.5 ± 0.05abc

D3 131.25 ± 10.1g 40.75 ± 9.7f 26.5 ± 6.2de 19.75 ± 1.7bcd 21 ± 2.1bcd 22.25 ± 2.9bc 1.00 ± 0.8ab 0.25 ± 0.05ab

D4 485.5 ± 17.4k 104.00 ± 8.2h 105.25 ± 2.8i 66.5 ± 2.2 f 95.25 ± 8.3fg 113.5 ± 6.2f 1.00 ± 0.9ab 0.00 ± 0.0a

2 
parasitoid

D1 31.75 ± 8.8abcd 15.00 ± 6.3abcd 4.5 ± 1.9ab 5.00 ± 1.4a 3.00 ± 1.4a 2.5 ± 1.3a 1.75 ± 0.5b 0.25 ± 0.05ab

D2 38.25 ± 5.9bcd 13.5 ± 4.8abcd 6.00 ± 1.4ab 8.00 ± 2.4ab 6.00 ± 1.4ab 3.25 ± 0.9a 1.5 ± 1.2b 0.25 ± 0.5ab

D3 91.00 ± 12.9f 35.00 ± 4.1ef 14.5 ± 5.0bc 9.75 ± 3.3ab 14.5 ± 5.0abcd 11.75 ± 3.0ab 5.00 ± 0.8e 1.25 ± 0.9cd

D4 470.75 ± 11.0k 105.00 ± 17.8h 94.75 ± 13.8h 77.75 ± 9.1f 84.25  ± 16.2f 105.25 ± 6.5f 3.25 ± 0.8cd 1.25 ± 0.9cd

4 
parasitoid

D1 25.75 ± 11.5abc 11.75 ± 4.3abcd 7.00 ± 3.4ab 1.75 ± 1.7a 1.75 ± 2.3a 0.5 ± 0.1a 3.00 ± 0.8c 1.00 ± 0.8bc

D2 26.75 ± 3.8abc 7.25 ± 2.7abc 4.75 ± 1.7ab 3.00 ± 0.8a 7.00 ± 2.5ab 0.5 ± 0.1a 4.25 ± 1.8de 2.00 ± 0.8de

D3 82 ± 6.3ef 20.25 ± 4.5cde 22.00 ± 2.2cd 13.25 ± 2.4abc 12.5 ± 1.9abc 9.75 ± 1.7ab 4.25 ± 1.2de 1.00 ± 0.8bc

D4 442.75 ± 81.2j 98.25 ± 27.0h 84.75 ± 12.6g 76.25 ± 113.9f 85.75 ± 16.4f 92.5 ± 19.8e 5.25 ± 0.9e 0.75 ± 0.09abc

8 
parasitoid

D1 6.75 ± 0.9a 0.00 ± 0.0a 0.00 ± 0.0a 0.00 ± 0.0a 0.00 ± 0.0a 0.00 ± 0.0a 6.75 ± 0.9fg 5.75 ± 0.9g

D2 8.00 ± 1.1ab 0.5 ± 0.1ab 0.5 ± 0.1a 0.25 ± 0.05a 0.5 ± 0.05a 0.00 ± 0.0a 6.25 ± 0.9f 4.00 ± 1.1f

D3 83.5 ± 7.6f 16.25 ± 4.0abcd 19.5 ± c2.1d 12.25 ± 2.2abc 15.5 ± 6.24abcd 12.25 ± 2.7ab 7.75 ± 0.9g 2.25 ± 0.9e

D4 169.5 ± 9.6h 46.25 ± 4.0fg 34.25 ± 6.6e 24.00 ± 18.5cd 25.5 ± 2.4cde 31.75 ± 6.3cd 7.75 ± 0.9g 2.00 ± 0.8de

1Mean values with the same superscript letter are not significantly different (P < 0.05).
D1 = Density of aphids between 10 and 40 per plant, D2 = Density of aphids between 40 and 80 per plant, D3 = Density of aphids between 
80 and 150 per plant, D4 = Density of aphids more than 150 per plant
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30 untreated plants were isolated in cylindrical boxes cov-
ered with muslin. at the same time, 30 treated plants were 
taken. The number of aphids per plant and the height of 
the pepper plants were recorded weekly.

statistical analysis

For the laboratory assays, the experimental results 
were statistically analyzed using the spss 13 program 
and a one-way analysis of variance and a Duncan test, 
with statistical significance set at a = 0.05. The numbers 
of aphids on treated and control plants in the pepper crop 
at different times were also compared.

results

1.  Effect of different numbers of L. testaceïpes in controlling 
different sized populations of A. gossypii
statistical analyses of the numbers of, each stage and 

morph of the aphid in the different treatments seven 
days after the release of L. testaceïpes revealed that the 
parasitoid had a significant effect on the abundance of the 
aphids. The release of two parasitoids per plant resulted 
in a significant decrease in the number of aphids in each 
stage of development, especially in the D1 and D2 treat-
ments (table 2). 

a detailed study demonstrated the effect of L. testa-
ceïpes on the number of young larvae produced per adult 
aphid, which is 28.75 in the control and 15.00 when two 
parasitoids were released per plant. This can be attributed 
to the effect that parasitoid oviposition has on the aphids. 
The effect of releasing one parasitoid in the low density 
treatment (D1) was to reduce the production from 13.5 
in the control to 8.75. similar results were obtained for 
nymphs, apterae and winged aphids, all of which were 
less abundant even in those treatments in which only one 
parasitoid was released. Thus, infestations of less than 80 
aphids per plant can be controlled by releasing two para-
sitoids per plant, but to control infestations of more than 
80 aphids per plant the use of eight parasitoids per plant 
is necessary. The maximum number of mummies was 
recorded when eight parasitoids per plant were released, 
which indicates that this is the optimum treatment if the 
objective is to maximize the production of parasitoids. 

2.   Effectiveness of L. testaceïpes as a biocontrol agent  
of A. gossypii infesting protected pepper crops 
The release of 250, 50 and 64 individuals of L. testa-

ceïpes, respectively, on 18/12/07, 24/12/07 and 2/1/08 
resulted in a gradual decrease in the abundance of A. gos-
sypii. the population on the control plants reached 
more than 1000 aphids per plant compared to less than 
40 aphids per plant on the treated plants (Fig. 1) after the 
first release. The results indicate that the aphid population 
density decreased from 40 to 10 aphids per plant after the 
first introduction of L. testaceïpes (Fig. 1). The decrease 

in aphid abundance that occurred on the control plants 
between 30/12/07 and 29/1/08 was possibly due to the 
low temperatures prevailing during this period (Fig. 2).

From February until april, the population of aphids 
on the control plants began to rise again; there were 4582 
aphids per plant on 1/4/08. at that time there were only 
10 aphids per plant on the plants on which Lysiphlebus 
were released earlier in the year. moreover this result in-
dicates that releasing approximately 1 parasitoid per m2 
results in a decrease in the abundance of A. gossypii.

3.   Effect of releasing L. testaceïpes to control aphids  
on the growth of pepper plants
The control pepper plants were more heavily infested 

with aphids and smaller than the plants on which the par-
asitoids were released (Fig. 3). in the first week of January 
the treated plants were 70 cm high whereas the control 
plants were only 35 cm high. This difference was main-
tained until the end of experiment. 

Discussion

The results indicate that the population of aphids 
decreased significantly after the release of L. testaceïpes. 
This study focused on the reductions in the abundance 
of A. gossypii following augmentative releases of L. testa-
ceïpes. similarly, the augmentative introduction of cocci-
nellids decreases the population densities of target pests 
(abd-rabou 2008). Lysiphlebus proved effective when one 
and two parasitoids were released if the aphid population 
densities were low (D1 and D2). in contrast, when the 
aphid population densities are high (D3 and D4) a release 

Fig. 1 trends in the numbers of aphids infesting both pepper plants 
that were exposed to parasitoids (treated) and in the control cages.

Fig. 2 trends in the averages temperatures (at) and relative humid-
ity (Hr) recorded in the pepper crop throughout the study.
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of eight parasitoids is required to control this pest. This 
was reflected in the decrease in the number of mummies 
and winged aphids relative to the control (table 2). at 
high aphid population densities, winged aphids develop, 
which disperse to other plants (Dixon 1973; 1985 in lo-
pez et al. 2007). recently lombaert et al. (2006) reported 
that A. gossypii infesting cultivated melon plants also has 
a density dependant dispersal strategy.

There is little information on the functional response 
of L. testaceïpes in the host-parasitoid system studied. van 
steenis (1994) showed that L. testaceïpes isn’t very effi-
cient at finding aphids when they are uncommon, which 
suggests that this parasitoid has a type 3 functional re-
sponse. The parameters of the functional response of 
L. testaceïpes have been estimated in the laboratory using 
different densities of A. gossypii (from 2 to 128 aphids) 
feeding on cucumber leaf disks in boxes (rochat 1997). 
on average, L. testaceïpes exhibits a type 2 functional re-
sponse to A. gossypii at low densities. This is similar to 
the observations recorded by van steenis (1994) (cited in 
rochat 1997). however, young naïve females have a type 
3 functional response (rochat 1997).

the results obtained, when different densities of 
aphids and releases of parasitoids are used, suggest that 
learning to respond to uninfested plants may prolong the 
period for which parasitoids forage in a habitat during 
periods when there few aphids and host-induced vola-
tiles are scarce or absent (powell et al. 1998 in lo pinto 
et al. 2004). it is also suggested that plants may pro-
duce, even if in low quantities, the same odours as those 
produced by host insects. This has been demonstrated, 
for example, for the alarm pheromone of S. graminum, 
which is detectable in the volatile profile of undamaged 
wheat plants (grasswitz and paine 1993 in lo pinto et 
al. 2004). 

it is assumed that the pest populations will increase 
exponentially unless controlled in some way (Fig. 1). 
There is no time delay in the increase in the aphid popu-
lation because the generations completely overlap (Dixon 
1987). The release of Lysiphlebus in the greenhouse con-
taining pepper plants infested with A. gossypii resulted 
in a reduction in the level of the infestation relative to 
the infestation of the control plants. This was obtained 
by releasing the parasitoid early when the infestation was 
40 aphids per plant. The level of aphid control obtained by 

releasing L. testaceïpes in the greenhouse was reflected in 
an improved growth of the pepper plants over that of the 
control plants (Fig. 3). There is no doubt that aphids have 
a pronounced adverse affect on the growth of plants. in 
natural habitats aphids also reduce the fitness of their host 
plant. it’s known that aphids affect the yield and quality of 
the seed of several crop plants. For example Aphis fabae 
scopoli reduces the numbers of seeds produced by bean 
plants by up to 86% and the average weight of a bean by 
45% (Banks and macaulay 1967 in Dixon 1998). simi-
larly, aphids reduce the yield of cereals. in addition, high 
numbers of the spruce aphid Elatobium abietinum can 
cause the defoliation of spruce, which if recurrent can 
cause the death of trees (Dixon 1998).

conclusions

The present results confirm that the release of L. tes-
taceïpes is an effective way of controlling aphids infesting 
pepper plants in greenhouses in tunisia. This control will 
be further optimised by defining when the parasitoids 
should be released, how frequently and at what aphid 
population density. nevertheless other studies are needed 
on the mass production, manipulation, release and evalu-
ation of the effectiveness of L. testaceïpes in reducing the 
abundance of A. gossypii infesting crops at different loca-
tions in tunisia. 

moreover, information on the presence and biology of 
L. testaceïpes in other areas of tunisia is needed for a bet-
ter understanding of its distribution and ecology, and 
importance as a biocontrol agent. in addition, such data 
on an immigrant/introduced species will increase the un-
derstanding of the ability exotic species to adapt to a new 
area of the mediterranean (kavallieratos et al. 2004). 
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