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Abstract

The dynamics of the insect herbivore and its natural enemy appears to be influenced by the presence of the pathogen. More M. persicae and parasitoids 
Aphidius colemani were grown on lettuce plants free from B. cinerea infection. The size of M. persicae and its parasitoid, A. colemani was significantly larger 
when reared on uninfected plants. However, similar parasitoid sex ratio, 50:50 was found between parasitoids emerging from both infected and uninfected 
plants. The experiment provide further evidence that healthy plants free from B. cinerea infection provided better quality food resources for the aphid host 
which encourage fitness and results in larger sized offspring. Therefore the negative effect of B. cinerea on the interaction between aphid and its natural 
enemy parasitoid was determined in the present study may be very valuable in understanding interaction at higher trophic level and may also provide a clue 
for design of disease management strategies.
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one another on the same host plant both aphids and pathogens 
may induces the host plant to release various defensive chemicals 
[11], these chemicals in addition also serve as cues which attracted 
aphid natural enemies [9]. Although there have been fewer studies 
examining the effect of necrotrophic pathogens such as B. cinerea 
on the interaction between aphids and their natural enemies and its 
potential influence on successful biocontrol but Persson, Aquilino et 
al., Moreira and Mooney believed that the necrotrophic pathogens 
may provide a significant biotic factor which indirectly modulates the 
outcome of interspecific interactions at higher trophic levels [12-14].

The parasitoid A. colemani belongs to the sub-family Aphidiidae 
(Hymenoptera: Braconidae) which is a koinobiont [15-17]. Saljoqi 
reported that the rate of parasitism by natural enemies was related to 
the availability of the host, plant age, temperature, weather conditions 
and cultural practices [18]. Saljoqi and van Emden reported that 
M. persicae can attain very high densities on young plant tissues, 
causes water stress, wilting and reduced growth rate of the plant 

Introduction
Aphids are important agricultural pests, which causes direct and 

indirect damage to crops. The direct damage occur by aphids feeding 
on crops were they use their stylets for piercing into the phloem [1,2] 
while the in indirect damage occur when aphids act as vectors of viral 
diseases resulting in significant diseases to their host plants [3,4].

Aphids are attacked by a range of natural enemies including 
hymenopteran parasitoids (e.g. Aphidius species such as Aphidius 
colemani, A. matricariae, A. ervi and A. abdominalis), and a wide 
range of arthropod predators [5,3,6,7]. High aphid numbers on a 
plant serves as a resource for their natural enemies. Many studies 
have investigated the potential effects of natural enemies for keeping 
aphid population sizes below economic injury levels [8,9].  

Previous researches by Yahaya and Fellowes showed that aphids 
indirectly interact with necrotrophic pathogens such as B. cinerea 
when sharing host plant [10]. Where aphid and B. cinerea encounter 
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[19]. However, natural enemies can be used to limit survival of the 
host.  The female parasitoids choose hosts that provide the best 
resources for their offspring, were they select hosts, and control the 
sex of their offspring by influencing fertilization [20-24]. The female 
hymenopteran parasitoids regulate the release of sperm from the 
spermatheca while eggs pass through her genital tract; unfertilized 
eggs develop into males while fertilized eggs develop into females 
[23,25,17]. Because fitness and size are strongly correlated with 
size in female parasitoids, but not for males, female parasitoids can 
preferentially oviposit male eggs in poorer quality host when provided 
with a choice [26,22,27,17]. This research describes an experiment 
aimed at investigating whether the presence of the systemic 
pathogen, B. cinerea, on lettuce plant Lactuca sativa L. (Asteraceae: 
Compositae) influences the parasitization of an insect herbivore (the 
peach potato aphid Myzus persicae) by the parasitoid A. colemani 
which may provide a clue on the biocontrol of insect pest aphid 
M. persicae. We tested three hypotheses. First, that Myzus persicae 
reared on uninfected lettuce plants would be larger. Second, that A. 
colemani which emerges from an aphid host feeding on uninfected 
plants would in turn be larger. Third, that decision to oviposit or not 
would be influence by the presence or absence of B. cinerea infection. 

Material and Methods
Experimental plants

Lettuce seeds (Tom Thumb), infected (obtained by inoculating 
lettuce plants at the flower stage) and uninfected by B. cinerea, were 
used for the experiment. Lettuce seeds were individually sown in 
90 (45 infected, 45 uninfected) 15cm pots filled with a vermiculite 
growing medium in a controlled environment (18-20°C, L: D 12-12, 
ambient humidity).   

Infestation with Myzus persicae

Three weeks after germination all the plants were individually 
infested each with 10 nymphs M. persicae. Myzus persicae were placed 
on the reverse side of the leaves using a small moist brush. Plants were 
then covered with a transparent plastic dome for 48 h. Aphid colonies 
were covered at all times by a vented plastic container, preventing 
escape of aphids or parasitoids.

Parasitization rate  

The source parasitoid Aphidius colemani is a commercially 
available biocontrol agent, and   was obtained from Koppert UK. 
Female A. colemani oviposit a single egg into aphid nymphs. The 
larva develops inside the body of aphid host until it kills the host. 
The experimental A. colemani were fed with honey and maintained 
in vials at 5 °C in the laboratory. Prior to use parasitoids were allowed 
to acclimatize to room temperature for several hours. Immediately 
after the adult aphids were removed from the plants, the nymphs 
were exposed to attack by five female A. colemani. Thirty infected and 
uninfected plants were attacked with the aphid natural enemy while 
the aphids on the remaining fifteen infected and uninfected plants 
were allowed to serve as unattacked controls. 

Rate of parasitoid attack

Emergence of mummies was determined by visual observation 
of the plastic doom. One week after parasitoid attack all the adult 

aphids were counted and collected into 200ml Eppendorf tubes and 
placed on a laboratory bench for one week to allow the emergence of 
parasitoids. 

Size of M. persicae and A. colemani

Ten adult Myzus persicae were randomly selected from each 
plant while all the resulting parasitoids from the mummies were 
collected for the determination of hind tibia length. Both Myzus 
persicae and Aphidius colemani were individually placed in a drop 
of 100% ethanol on a glass slide covered with a cover slip and hind 
tibia length measured using a micrometric eye piece attached to a 
Nikon Olympus microscope (New York Microscope Company) at 50 
x magnifications. 

Statistical analysis

All the experimental data were analysed using R [28]. Because the 
data met assumptions of normality hind tibia length data were not 
transformed prior to analysis. Attack rate and data counted from sex 
ratio were analysed using a generalised linear model using binomial 
errors [28]. 

Results
Size of M. persicae

Myzus persicae grown on plants uninfected by B. cinerea were 
larger than those reared on infected plants after parasitoid attack on 
both plants (Figure 1;F1,38 = 260.02, P < 0.001). In the control plants 
where aphids were not attacked by the parasitoids, aphids reared on 
uninfected plant were also larger than those reared on infected plants 
(F1,38 = 22.40, P <0.001).

Aphidius colemani size

The hind tibia length of parasitoid that emerged from aphids 
reared on infected plants was significantly smaller than parasitoid 
grown on aphids feeding on uninfected plants (F1, 59 = 134.10, P < 
0.001). Female Aphidius colemani were significantly longer than male 
Aphidius colemani when reared on both infected (Figure 2; F1,59 = 
131.34, P < 0.001) and uninfected plants. 

Sex ratio and parasitization rate by Aphidius colemani 

The attack rate suffered by M. persicae was higher in uninfected 
plants and also more A. colemani was recorded than on infected 
plants (Figure 3; F1,39 = 4.20, P = 0.01). However, there was no 
significant effect of plant infection status on the sex ratio of emerging 
A. colemani, which has same proportion.

Discussion
The systemic pathogen appears to influence the dynamics of 

the insect herbivore and its natural enemy. More M. persicae and 
parasitoids Aphidius colemani were grown on lettuce plants free 
from infection by B. cinerea. The aphids and emerging parasitoids 
were significantly larger when reared on uninfected plants. Similar 
parasitoid sex ratio, 50:50 was found between parasitoids emerging 
from both infected and uninfected plants. The study found that 
size of the aphid is a measure of host quality, where host quality is 
a linear function of size and determines the ability of the developing 
parasitoid to obtain the required nutritional resources from the host 
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this was similarly, reported by Sequeira and Mackauer [29] and Ode 
et al. [22]. The results showed that female A. colemani oviposit more 
in hosts reared on uninfected plants, probably because their offspring 
have a higher probability of survival this was similarly reported by 
Roitberg et al. and Ode et al. 2005 [30,22].  Larger hosts have more 
food and provide a better resource for the growth and development 
of offspring, which in turn influences the survival and fecundity of 
the adult parasitoid. 

The study showed that a  high number of parasitoid mummies 

were recorded in aphids reared on B. cinerea free plants, which is 
an indication that presence of B. cinerea exert a negative influence 
on the interactions between M. persicae and their natural enemy 
A. colemani. Previous studies showed that this negative interaction 
occur because Botrytis cinerea can  lowered the fitness of the aphids 
making it a poor-quality hosts resulting in a high mortality rate of 
the parasitoid [31]. This occurs when the B. cinerea induce the plant 
to synthesize secondary metabolites which may have toxic effects on 
the aphids. Therefore, the foraging parasitoid discriminate between 
feeding on aphid reared on infected and uninfected plants whether 
to feed, oviposit or to ignore, because host choice correlates with 
offspring performance which has a direct impact on the parasitoid 
host choice [32,31,27]. However, in the present study, parasitoids 
were not allowed a choice between infected and unifected hosts, and 
as a result it is not possible to state categorically if host preference is 
likely to have influence the differences in attack rate.  

In agreement with the present experiment the work of Jarosik et 
al. [33], Harri et al. [34]; Rehman and Powell [24] have shown that 
A. colemani emerging from small aphids, showed a significant male 
biased offspring sex ratio. The shift in emergence sex ratio may be 
the results of a significantly higher mortality of female progeny in 
smaller hosts. Female A. colemani often have a more strict nutritional 
requirements compared to males and may therefore reach a larger 
size than males even in a hosts of equal size, where the female have 
extended period of larval development on growing hosts which enables 
them to consume more resources than the males [29,35,15,36,37]. In 
the present study more aphids and parasitoids with larger size where 
recorded from uninfected plants. As reported by Charnov et al. [20] 
and Paul et al. [38], higher female mortality in small aphids although 
not measured in the present study normally occurs due to a shortage 
of resources during the early stages of female development. The sex 
ratio determined by female choice at oviposition may as a result be 
altered by differential mortality of the sexes. Therefore a biased sex 
ratio may result either from the female’s control of fertilization at 
oviposition, or may result from the differential mortality of male and 
female offspring during early stages of development [20,38].

Overall the result of the present study has confirmed the 
influence of B. cinerea on the parasitization M. persicae by parasitoids 
A.colemani. The observations of the experiment provide further 
evidence that healthy plants free from B. cinerea infection provide 
better quality food resources for the aphid host which encourage fitness 
and results in larger sized offspring. The study found that infected 
plants which were infested with aphids showed reduced aphid and 
parasitoid population counts which indicated the negative effect of B. 
cinerea on the population dynamics of both herbivore and its natural 
enemy. Therefore the negative effect of B. cinerea on the interaction 
between aphid and its natural enemy parasitoid determined in the 
present study may be very valuable in understanding interaction at 
higher trophic level and may also provide a clue for design of disease 
management strategies. 
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Figure 1: Mean (± SE) hind tibia length (mm) of M. persicae  reared on 
infected and uninfected plants attacked with parasitoids.
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Figure 2: Mean (± SE) hind tibia length (mm) of A. colemani reared on M. 
persicae grown on   B. cinerea infected and uninfected plants. 
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Figure 3: Mean (± SE) proportion of unparasitized M. persicae on B. cinerea 
infected and uninfected plants.
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