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ABSTRACT 
 

The importance of damages caused by the mealy plum aphid, Hyalopterus pruni Geoffroy  (Hemiptera, 
Aphididae) in Tunisian almond and peach orchards, oriented us to evaluate the parasitism rate and to 
preferential host of the koinobiont endoparasitoid Aphidius colemani (Vierreck) (Hymenoptera, Braconidae) in 
relation with the aphid density, the life stages and the dose of the parasitoid. Experimental trials have been 
conducted in laboratory. However, the introduction of 1 or four parasitoids at different aphid density (10 or 40 
adults/plant) acts differently on host instars.  In fact, the rate of mummification and hatching depends on stage 
of H. pruni exposed to parasitoid where young (first and second instars) and old larvae (third and fourth instars) 
and wingless formed mummifies. We observed a hatching of mummies just when wingless was exposed to 
parasitism. In addition, when young and old larvae where exposed to parasitism, the mummies obtained have a 
black color. This concluded the death of parasitoid on host at these instars of H. pruni. For nymph and winged, 
any mummies was formed. This observation marks that wingless morph was the preference host of A. colemani. 
Therefore the mummies hatching attested that wingless of Hyalopterus is preferred and sex ratio value 
confirmed the failure of A. colemani to parasite young larvae, old larvae of H. pruni. Moreover, the 
determination of sex ratio on parasitoid descendance confirmed that A. colemani preference of H. pruni 
wingless. 
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Introduction 
 

Aphidiidae are Hymenoptera, which belong to the Super-family of the Ichneumoidea and the family of 
Braconidae. They are small wasp, black in color, their females lay eggs directly inside the host by using the 
ovipositors. The larvae developed inside the body of its host and after that the adult left the carcass of the aphid 
which transform to mummy (Atanassova, 1997). The Aphidiidae have been widely used as a biological control 
agent of several aphid species and specially the genus Aphidius which is interesting in the biological control 
programs of the mealy plum aphid, Hyalopterus pruni Geoffroy (Hemiptera: Aphididae). 

Aphidius colemani Vierreck is a microhymenoptera, Braconidae, Aphidiinae. This koinobiont 
endoparasitoid is suggested originated from northern India and Pakistan, from which it has been spread to 
central Asia, Mediterranean area, Africa and secondary to Australia and south America where their 
introductions have been taken to combat greenhouses aphids (Ode et al., 2004). A. colemani was first described 
by Vierreck (1912), in Stary (1975) ho synonymized it with Aphidius transcaspicus Telenga and again separated 
from it by Kavallieratos and Lykouressis (1999). A. colemani is known to attack up to 60 species from several 
genera of aphids belonging to Aphididae family  specially Aphis carccivora, Aphis fabae, Aphis fabae solanella, 
Aphis gossypii (Ode et al., 2004). Aphis hederae, Aphis nerii, Aphis parietariae, Aphis ruborum, Aphis 
spiraecola, Aphis umbrella, Aphis viticis, Hyalopterus amygdali, Rhopalosiphum padi, Myzus cerasi, Myzus 
varians, Myzus persicae, Toxopetra aurantii (Aslan et al., 2004). Acrythosiphum gossypii, Acrythosiphum 
pisum, Brachycaudus helichrysi, Diuraphis noxia and Schizaphis graminum (Stary and Erdelen, 1982). Many 
factors affect the parasitism level of A. colemani. In fact the choice of the host is primordial to increase the 
reproductive rate. For that reasons Bilu et al (2006), have studied the factors which influence the behavior of A. 
colemani host selection. They demonstrated that visual observations, chemical signals emitted by the host plant, 
the host and their interaction affect A. colemani behavior selection (Bilu et al, 2006; Lykouressis et al, 2009). 
They also  demonstrated that the presence of predators do not influence the parasitism level. The size of A. 
colemani female affect the level of parasitism, the  largest and the highest  the female  and the number of 
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mummies. Larger parasitoids are likely to contribute further to increase parasitoids population or to suppress the 
host population (Lykouressis et al, 2009). The sudden change of temperature increase the mortality rate of A. 
colemani, therefore acclimatization processes have to be used to adapt stored parasitoid (Colinet et al., 2006). 
Hyperparasitism also affect the parasitism rate of A. colemani, in fact different species of Hymenoptera 
parasiting larvae by laying eggs inside (Keithr et al., 2006). Another important factor that affect the parasitism 
of A. colemani is the host instar preferences. The presence of specific aphid instars can lead to a greater 
reduction in the population growth rate of an aphid (Lin and Ives, 2003) while an invulnerable host instar if 
present, could help to stabilize an aphid parasitoid interaction (Murdoch et al., 2006). The functional response to 
the density of the prey could also influence the success of the aphid control population (Jones et al., 2003). Thus 
the objectives of this study were to examine both the preference of A. colemani for specific instars of 
Hyalopterus pruni Geoffrey using artificiel infestation on the lab conditions at different population size and dose 
of parasitoid by the parasitism rate, the hatching of A. colemani. This parasitic wasp is selected because of a 
characteristic which is the simple rearing method and biological material was collected in local peach orchards 
in Tunisia in H. pruni (Ben Halima Kamel and Ben Hamouda, 2005). 

 
Materials and Methods 

 
Studied organisms: 
 
Hyalopterus pruni: 

 
H. pruni was collected in April, 2010 from an infested almond orchard in Higher Agronomic Institute, 

Chott Mariem (ISA). Therefore colonies are checked under binocular in order to verify the presence of 
mummies, parasitoids or predators and to discard them from the colonies. Then aphids are processed carefully 
using a brush and reared on almond seedlings in plexi-glass cages (33×40×28 cm), maintained in growth 
chamber at 20°C, HR= 70% and a 16 h photoperiod. Each week we introduce new seedlings and we remove the 
dead ones due to the heavy infestation.  We have prepared a pure rearing of H. pruni on almond that we will use 
it for our upcoming tests.  

 
Aphidius colemani: 

 
Mummies of A. colemani were provided by the company Biolife following a French firm introduction to 

Tunisia in January 2010. Therefore, A. colemani mummies were maintained in the laboratory ((ISA) in wooden 
cages (50×50×60 cm) with cloth mesh walls containing barley plants infested with Rhopalosiphum padi L. 
(Hemiptera: Aphididae) used as a rearing host, and placed in growth chamber at 20 ± 2°C, HR= 70% and a 16 h 
photoperiod. New aphid infested plants were added to the colonies cage every week and adult parasitoids 
emerged regularly every two weeks. The parasitoids were then aspirated using a vacuum cleaner and checked 
under microscope to differentiate between male and female, to ensure that colonies are not contaminated by 
other parasitoid and there is no hyperparasitism.   

 
Method survey: 

 
The efficiency of A. colemani to different instars of H. pruni has been studied in laboratory. Trials are under 

control (T= 20°C, HR= 70% and 16 h of photoperiod). 2 densities (10 and 40) of H. pruni have been used; each 
density has been treated by a class of parasitoid varying from one  to four couples per plant. For each test 3 
plants with three repetition  of almond are infested by the different instars of H. pruni (First and second instar 
larvae (l), Third and fourth instar larvae (L), Nymphs (N), Wingless (Ws) and winged (Wd)) for two densities 
(10 and 40 aphids) and treated by 2 doses of parasitoid (1 and 4) (Table 1). Each infested plant by the aphids and 
the parasitoids are covered by a plastic covert where vents are closed with insect proof. A control trial only 
infested by the two densities (10 and 40) of H. pruni is needed in order to compare results, by counting each 13 
days after the release of parasitoids, the numbers of Mummies, Hatched mummies and the total population (P). 
Moreover all parasitoid hatched were observed to calculate the sex ratio of descendants belong the formula of 
Ramade (2003). The determination of parasitism percentage was done using the formula: 100×mummies 
numbers/P and the percentage of hatching was established following this formula: 100×numbers of mummies 
hatched /Total of mummies. Those parameters could be attesting the efficiency of auxilary.   
 
Table 1: Trials to study the efficiency  of A. colemani under laboratory conditions  

Instars Dose 1 Dose 2 Control 
Ws, Wd,N, L, l 1  couples of 

wasp 
4  couples wasps 0 couple wasp 
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Results and Discussions  
 
Data collected after 13 days of release of the parasitoids showed a clear preference for Ws, L and l (Fig. 1). 

While for winged and nymphs of H. pruni no preference has been observed (Fig. 1). For both stage cited, any 
mummy didn’t observed.   

Independently to size of A. colemani introduction, we observe the mummies in trial conducted with 
Wingless, old larvae and young larva (Fig. 1). However, the use of four parasitoids attested the preference of 
young larvae (l) of H. pruni to parasitism in comparison to others stages. Therefore, the mummies obtained with 
this instars have a black color (Fig.  2) That indicates the death of parasitoid under the host. While the treatment 
with one parasitoid, the mummification percentage was reduced for l and L and reach 100% for H. pruni 
wingless morph particularly at lower population size. Moreover, it’s important to remarks that mummies have a 
white color and some of them the nymphs of parasitoid appear black (Fig. 3).  

Concerning the hatching, this parameter concluded the failure of parasitism of A. colemani on old (L) and 
young larvae (l) at all dose of parasitoid where mummies didn’t hatched. The parasitoid emerging from wingless 
morph of H. pruni on trial conducted with one parasitoid. Figure 1 illustrated the preferential host of A. 
colemani to wingless morph. In addition at lower dose of A. colemani introduction, the hatching is more 
important. 

 

 
 

Fig. 1: Percentage of mummies and hatching according to the biological instars of H. pruni treated A colemani 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  2: Mummies obtained young larvae (l) treated  Fig. 3: Mummies obtained with apterous adult (Ws) treated  
             by A. colemani                                                by A. colemani 

 
For the sex ratio of parasitoid descendance (1,08) reported after the release of one parasitoid demonstrated 

the female presence less than the male when wingless of H. pruni were exposed to A. colemani. Moreover this 
parameter, make sure that preference for this stage (Fig. 4).   
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Fig. 4: Sex ratio of A. colemani descen dance on H. pruni host 
 

Discussion: 
 
According to our results, A. colemani affect on wingless and larvae with a preference to wingless morph of 

H. pruni. This morph gives a descendance in comparison to failure on larvae. This could be explain by the host 
acceptance and the inefficiency of nutritional and physiological needed for growth and developpement of 
parasitoid (Sequeira  et Mackauer, 1993). However, the result was different to Gerling et al., (1990) that showed 
the host preference of A. colemani to young larvae.  In fact, the selection of larval instars is a key to affect the 
growth of aphid population. Thus have certainly an effect on evolution of aphid and parasitoid population 
(Hagvar et Hofvag, 1991 in Gerling et Lykouressis, 1999). The evaluation of mummification rate at different 
stage is an important parameter of preferential host of parasitoid and is an approach of biological control (van 
Steenis et Khawass, 1995). However, the mummification was reduced at young larvae with one parasitoid (Fig. 
1). Therefore this rate present a linear decrease in relation to number of parasitoid releases. It reaches 62% and 
2% with 4 and one parasitoids respectively and at lower aphid densities. We also demonstrated the 
mummification percent decrease on wingless in relation to aphid density and to dose of release.  

 For the mummification rate of old larvae didn’t exceed 7,25 % and any mummies were formed from 
winged and nymphs (Fig. 1). Our observations were different to other studies (Gerling et Lykouressis, 1999) 
where they attested that A. colemani completed its development in all stage of Myzus persicae Sulzer. 
According to the result, the failure of parasitism couldn’t be explain by the host resistance, others experience 
were necessary to confirme this hypothesis. Another’s studies attribute this failure to the coevolution of host 
resistance and virulence parasitoid and the specificity degree (Vuichard, 2001). 

For young larvae exposed to A. colemani, the hatching rate is null. This observation is in accordance to Van 
Steenis et El-Khawass, (1995) who noted that the parasitism of young aphids are enable to produce 
descendance.  Gerling et Lykouressis (1999) observed that 4st instars of aphids are able to be parasitize with a 
long development time. In contrast, the authors confirmed the capacity of young stage to be mummified in 
delaying the development time. This permitted a necessary development time of parasitoid.  Moreover, the black 
color of mummies obtained suggested the failure of parasitism and the death of parasitoid. In these senses, 
Sampaio et al., (2008) noted that black color of Brevericoryne brassicae mummies parasitized by A. colemani 
that color change proved an incomplete parasitism.  

The descendance was done when wingless was exposed to parasitism at lower parasitoid introduction. For 
treatment with 4 parasitoids any hatched mummies was obtained. This observation could be explain by 
supraparasitism.  

The study showed that the sex- ratio of A. colemani issued from wingless morph of H. pruni was 1.08. This 
value demonstrated the efficiency of this parasitoid to control H. pruni. Comparatively to others aphids, this 
parameter was around 0.47 and 0.65 for M. persicae and R. maidis respectively (Sampaio et al., 2008).  

 
Conclusion: 

 
The preferential host of A. colemani varied from instars host of H. pruni. The experiment showed a 

different behavior A. colemani against different instars of H. pruni where wingless can complete the 
development of parasitoids with a lower hatching and a sex ratio in favor of male. This concluded a failure of A . 
colemani like a candidate in biocontrol of H. pruni in Prunus orchards. Others studies could be conducted to 
choice a good auxiliary for use in Prunus orchards like A. transcaspicus.   
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