
Abstract

The effect of the entomopathogenic fungus, Beauveria bassiana, on
the biological characteristics of Aphidius colemani, a parasitoid of the
green peach aphid, Myzus persicae, was studied under laboratory con-
ditions. Third-instar nymphs of green peach aphid were infected with
5/3×105 conidia/mL of B. bassiana, which was determined to be the
lethal concentration 50 dose. They were then offered to mated female
parasitoids for 24 h at different intervals. Results showed that by pro-
longing the release intervals of parasitoids, the number of mummies
and percent emergence of parasitoids were reduced. Moreover, produc-
tion of male offspring increased in the F1 generation of parasitoids.
The interference of B. bassiana with parasitoid development was also
studied by first exposing the aphid hosts to the parasitoids for 24 h and
subsequently spraying them with B. bassiana 24, 48, 72, and 96 h after
exposure. Results showed that by prolonging fungal spraying intervals,
the number of mummies and percent emergence of parasitoids were

increased. It appeared that the best time for applying B. bassiana would
be three to four days after parasitisation.

Introduction

Intra-guild interactions are not limited only to closely related
species, but can exist between species from different kingdoms.
Despite the competition, there is evidence for mechanisms that
reduce antagonistic interaction between natural enemies vying for
common insect hosts (Mesquita & Lacey, 2001). Competition between
microorganisms and multicellular animals for nutrition and other req-
uisites is common in nature. However, ecologists have barely started
to explore the ecological and evolutionary implications of inter-king-
dom competition (Mesquita & Lacey, 2001). Aphidius colemani
(Hymenoptera: Braconidae) is a common parasitoid of aphids, includ-
ing Myzus persicae (Hemiptera: Aphididae) (Messing & Rabasse,
1995). The wasp parasitizes all stages of nymphal as well as adult
aphids and, under greenhouse conditions, effectively controls the
green peach aphid on cotton plants, melons, peppers and cucumbers
(Gwan et al., 2001). In biological control, the use of pathogens can be
integrated with other natural enemies, and the immediate use of a
microbial control agent can protect the crop when parasitoids and
predators are unable to maintain the pest population below a damage
threshold (Ren et al., 2010). To date, various strains of entomopatho-
genic fungi such as Beauveria bassiana have been used to control
aphids and other pests (Hanh Vu et al., 2007). For success in biologi-
cal control of pests, entomopathogenic fungi are needed that show
high toxicity to pests and low toxicity to non-target insects and other
natural enemies (Ren et al., 2010). According to Rashki et al. (2009),
Aphidius matricariae and B. bassiana can be used in combination for
successful biological control of M. persicae (Rashki et al., 2009).
However, there is little information on the congeneric wasp, A. cole-
mani, for integrated pest management of M. persicae. 
The objective of this study was to determine the type of interaction

between the entomopathogenic fungus, parasitoid wasp and its host,
the green peach aphid. Moreover, the impact of B. bassiana on biolog-
ical parameters of A. colemani was evaluated.

Materials and methods

Fungus
Beauveria bassiana strain DEBI008 from the culture collection at the

Biocontrol Laboratory of Shiraz University was used. After passage of
the fungus through M. persicae, it was cultured on potato dextrose agar
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with yeast extract (PDA) for 2 weeks at 25°C. The average viability of
conidia used in the various tests was 94.7% as determined on PDA using
standard techniques (Goettel & Inglis, 1997). This involved inoculating
an 8-cm Petri plate containing PDA with 100 mL of a suspension contain-
ing 106 conidia/mL and counting the percentage of germinated conidia in
four separate areas on the plate after incubation at 25°C for 18-20 h
(Jenkins et al., 1998). Germination was considered positive when the
length of the germ tube was as long as the diameter of the conidia.
During the test, the lethal concentration 50 dose (5.3×105 conidia/mL) (1
mL per spray application) was used for third instar nymphs of the aphid
by application in a Potter spray tower (Potter, 1952).

Host plant and insect colonies
Sweet peppers, Capsicum annuum var. annuum, were grown individ-

ually in plastic pots (15 cm diameter, 12 cm height) to provide experi-
mental host plants. Myzus persicae and Aphidius colemani from aphid
mummies were collected from tomato fields in Badjgah (15 km north of
Shiraz). M. persicae was reared on sweet peppers in a controlled envi-
ronment room [21±1°C, 60±5% relative humidity (RH), 16L: 8D]. A.
colemani was reared on M. persicae inside a plexiglas box (50×60×60
cm) in a controlled environment room (25±1°C, 70±5% RH, 16L: 8D).
A. colemani females (4-5 days old) were used for all experiments except
those to determine longevity.

Aphids first exposed to the parasitoid
and then treated with the fungus
Fifteen replicated tests were conducted on separate dates, each repli-

cate containing 40 third-instar aphids. Each group was placed in a Petri
dish (80 mm diameter) containing a leaf of Capsicum annuum, fitted
into the Petri dish with a hole (2 cm diameter) in the lid covered with a
fine mesh screen for ventilation (Baverstock et al., 2009). The leaves
were fixed in 2% water-agar. Aphids were exposed to a 4-5-days old
female A. colemani. After 24 h, the parasitoids were removed. The repli-
cates of parasitized aphids were sprayed with B. bassiana at a concen-
tration of 5.3×105 conidia/mL in 0.02% Tween 80, 24, 48, 72, or 96 h after
exposure to the parasitoids. The control was also treated with 0.02%
Tween 80. After 24 h of fungal conidial application to the aphids, the lids
of the Petri dishes were replaced with new lids without holes and sealed
with parafilm to maintain a saturated humidity to facilitate conidial ger-
mination. Dead aphids were counted daily for 1 week and were placed
on water agar (3 g of agar/L of water) to confirm infection by B.
bassiana. During the experiment, the Petri dishes were kept inverted
and incubated at 25°C, under a 16:8 h photoperiod and 70-85% RH.

Aphids first treated with fungus
and then exposed to the parasitoid
Forty third-instar aphids were used in each of 15 replicates. All were

treated with 5.3×105 conidia/mL B. bassiana in 0.02% Tween 80. The

aphids were then exposed to a 4-5-days old female A. colemani at dif-
ferent time intervals following application of the fungus. The following
combinations of treatments were tested: exposure to the parasitoid 0,
24, 48, or 72 h after application of the fungus, or no fungus (control).
The control was also treated with 0.02% Tween 80. Fifteen replicates
were set up. Each group of 40 aphids was maintained on a leaf set up
in 2% water-agar in a Petri dish (80 mm diameter). As described above,
during the first 24 h following treatments, the Petri dishes were her-
metically sealed. Then the cover was replaced with one having a
screened opening. The inverted Petri dishes were kept at 70-75% RH,
25°C, and 16:8 h photoperiod. As described above, dead aphids were
recorded daily for 1 week and were placed on water agar to confirm
infection by B. bassiana. The number of mummies produced were
recorded and the time of pre-imaginal parasitoid development, percent-
age of emergence, sex ratio and longevity of the F1 generation females
were determined. For studying pre-imaginal parasitoid development
(mummification until emergence as well as oviposition until emer-
gence) upon formation of the mummies, they were maintained individ-
ually in a test tube until adult emergence. To investigate longevity of
female parasitoids, they were maintained individually in a Petri dish
(80 mm diameter) under the above conditions and fed with a honey
solution (60%). 

Statistical methods
The data were analyzed in a completely randomized design using

Proc GLM in SAS (1999). The treatments were compared using
Duncan’s multiple range test at a significance level of 0.05. The data
were normalized using arcsin transformation when necessary.

Results

Aphids first exposed to the parasitoid
and then treated with the fungus
The number of mummies produced varied significantly among dif-

ferent intervals and between treatments and the control (Table 1). The
lowest percentage of F1 emergence of A. colemani was found for those
which developed in aphids treated with B. bassiana 24 h after exposure
to the female parasitoid. Results showed that by prolonging the fungal
spraying intervals, the number of mummies and percent emergence of
parasitoids were increased.

Aphids first treated with fungus
and then exposed to the parasitoid
As seen in Table 2, the number of mummies varied significantly

among treatments. In all treatment groups, the numbers of mummies
produced were significantly lower compared with the control. The least
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Table 1. Least squares means (±SE), number of Aphidius colemani mummies, and percentage of adult parasitoids emerging from Myzus
persicae exposed to the parasitoid and then sprayed with Beauveria bassiana (Bb) (5/3×105 conidia/mL) 24, 48, 72, and 96 h later.

No. aphids exposed to No. aphids treated with fungus No. mummies produced by % Emergence of F1
Treatments Ac After exposure to Ac Ac Generation of Ac

Only Ac 40 - 32.0±0.77a 94.1±3.9a

Ac+Bb (24 h) 40 35.1±1.1 9.5±0.99d 19.4±4.6e

Ac+Bb (48 h) 40 34.9±1.2 18.4±1.75c 46.1±5.9d

Ac+Bb (72 h) 40 33.5±1.1 25.1±1.66b 61.2±0.5c

Ac+Bb (96 h) 40 33.2±1.3 26.2±1.15b 75.8±5.3b

Ac, Aphidius colemani; Bb, Beauveria bassiana. a,b,c,d Least squares means followed by the same letter in the same column are not significantly different at the 0.05 level.
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number of mummies were found when parasitism occurred 72 h after
exposure to B. bassiana and the greatest numbers were recorded when
exposure to the fungus and parasitoid occurred at the same time. 
There was a significant difference in the time period from oviposi-

tion to mummification, ranging from 5.0±0.1 to 3.2±0.1 days among
treatments (Table 3). In the presence of the fungus, the time between
mummy formation and female emergence was decreased. The shortest
interval occurred when the aphids were exposed to the parasitoids 72 h
after fungal treatment or infestation. However, fungal infection of the
aphids only reduced the time between mummification and male emer-
gence of the parasitoids when the hosts were exposed to parasitoid
attack 72 h after fungal infection (Table 3). Therefore, compared with
the development of A. colemani in uninfected hosts, total developmen-
tal times for males and females were significantly shorter in hosts
attacked 72 h after fungal infection. There was also a significant differ-
ence in adult female longevity of A. colemani ranging from 8.4±0.3 to
6.4±0.2 days among treatments (Table 4).

Discussion and conclusions

The number of mummies and percent emergence of parasitoids
increased by prolongation of the fungal spraying intervals (Table 1),
suggesting that older parasitoid larvae have a high probability of win-
ning the competition for the host aphid, possibly due to a low suscepti-
bility to fungal infection (Fransen & van Lenteren, 1994). This supports
the opinion that the presence of a fungistatic substance secreted by the
parasitoid into the hemolymph of the host impedes the development of
mycosis and enables normal parasitoid development and emergence
(Mesquita & Lacey, 2001). The inhibitory effect of parasitoids on the
development of mycosis in parasitized hosts is normally linked to the
time interval between parasitism and contamination of the host by the
fungus (Powell et al., 1986). Aphidius colemani developed normally
when its host aphid (Aphis gossypii) was treated with Verticillum
lecanii conidia 5 or 7 days after parasitization. Moreover, numbers of

Article

Table 2. Least squares means (±SE), number of Aphidius colemani mummies produced, percent adult emergence of F1 generation, and
percentage of females in the F1 generation from Myzus persicae sprayed with Beauveria bassiana and then parasitized 0, 24, 48, and
72 h later.

Treatments No. of mummies produced % Emergence of F1 generation Percentage of females in F1 generation

Only Ac 26.7±1.5a 89.2±1.9a 66.7±0.01a

Bb+Ac (0 h) 10.2±0.6b 51.8±4.6b 61.6±0.06a

Bb+Ac (24 h) 8.1±0.7b 35.8±3.5c 58.3±0.1a

Bb+Ac (48 h) 4.3±0.6c 21.3±5.2d 39.6±0.1ab

Bb+Ac (72 h) 2.3±0.5c 15.8±6.1d 26.7±0.1b

Ac, Aphidius colemani; Bb, Beauveria bassiana. a,b,c,d Least squares means followed by the same letter in the same column are not significantly different at the 0.05 level.

Table 3. Developmental time (least squares means±SE) of Aphidius colemani when aphids were first exposed to Beauveria bassiana and
then parasitized 0, 24, 48, and 72 h later.

Treatments Oviposition until mummification (day) Mummification until emergence (day)
♀ ♂

Only Ac 5.0±0.1a 5.0±0.00001a 4.5±0.02a

Bb+Ac (0 h) 4.8±0.04a 4.3±0.008b 4.5±0.1a

Bb+Ac (24 h) 4.3±0.06b 4.8±0.06a 4.3±0.1a

Bb+Ac (48 h) 3.5±0.08c 4.5±0.1b 4.1±0.1a

Bb+Ac (72 h) 3.2±0.1d 4.3±0.3b 4.0±0.00001a

Ac, Aphidius colemani; Bb, Beauveria bassiana. a,b,c,d Least squares means followed by the same letter in the same column are not significantly different at the 0.05 level.

Table 4. Developmental time and adult female longevity (least squares means±SE) of Aphidius colemani when aphids were first exposed
to Beauveria bassiana and then parasitized 0, 24, 48, and 72 h later.

Treatments Oviposition until emergence (day) Adult female longevity (day)
♀ ♂

Only Ac 10.0±0.17a 9.5±0.008a 9.8±0.03a

Bb+Ac (0 h) 9.1±0.09b 9.3±0.3ac 8.4±0.3b

Bb+Ac (24 h) 9.1±0.08b 8.6±0.3bc 7.0±0.3c

Bb+Ac (48 h) 8.0±0.2c 7.6±0.3d 6.4±0.2c

Bb+Ac (72 h) 7.5±0.2d 7.2±0.3d 6.5±0.1c

Ac, Aphidius colemani; Bb, Beauveria bassiana. a,b,c,d Least squares means followed by the same letter in the same column are not significantly different at the 0.05 level.
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spores and mycelial fragments in aphid homogenates were much high-
er in those exposed to the fungus up to 3 days after parasitization com-
pared with the aphids treated after 5 or 7 days (Kim et al., 2005). 
As noted in Table 2, with prolongation of the release intervals of par-

asitoids, the production of male offspring increased in the F1 genera-
tion of parasitoids (Table 2). This is almost the same situation that
antibiotic treatments cause some female parthenogenetic strains of
Trichogramma wasps to revert to production of male progeny
(Stouthamer et al., 1990). A high proportion of male offspring in many
parasitic Hymenoptera may indicate virginity or sperm depletion in
parental females or a manipulated sex ratio (deposition of unfertilized
eggs to produce male offspring) (Godfray, 1994). If such constrained
females reproduce, the population sex ratio will shift toward males and
unconstrained females will be selected to produce more females
(Fauvergue et al., 1998). A female parasitoid may face several types of
competition from females of her own species or from different species.
The strategies evolved by parasitoids to cope with competition have
implications both for the population dynamics of the species and for
their use as biological control agents (Boivin & Brodeur, 2006).
In this study, by prolonging the release intervals of parasitoids, the

number of mummies produced and percent emergence of parasitoids
were reduced (Table 2). This may indicate the lack of larval survival
potential in infected hosts, following by decreased oviposition of the
adult parasitoids in the 72 h-infected hosts and fungus-killed groups.
The presence of hyphal bodies or fungal metabolites in the hemolymph
of the host detected by the parasitoid at the time of ovipositor insertion
are apparently the cause of rejection of these hosts for oviposition
(Brobyn et al., 1998). Fransen and van Lenteren (1993) demonstrated
that the parasitoid Encarsia formosa laid fewer eggs in the greenhouse
whitefly, Trialeurodes vaporariorum, infected by the fungus Ascher-
sonia aleyrodis than in uninfected hosts. Brobyn et al. (1988) found
that Aphelinus asychis and Aphidius rhopalosiphi did not attempt to
oviposit in fungus-killed aphids. Furthermore, it is shown that by pro-
longing the release intervals of parasitoids, fungus-infected aphids
have more opportunities for growth and increased competitiveness,
which may lead to death of the wasp larvae (Brodeur & Rosenheim,
2000). On the other hand, the present results show a reduction in
longevity of pre-imagos and adult parasitoids developing within hosts
infected by B. bassiana (Table 3), presumably because they provide
lower quality food for the feeding immatures (Nouhuys & Laine, 2008).
Presence of the parasitoid wasps apparently reduces the risk of the host
becoming infected with fungus as a pre-adult (Lecuona et al., 2007). 
In most cases, the interactions between fungal pathogens and natural

enemies are positive (Roy & Pell, 2000). The present study revealed that
the best time for treating M. persicae with B. bassiana was 3-4 days after
parasitation by A. colemani. Therefore, with proper timing, this wasp
could potentially be used in combination with B. bassiana for successful
biological control of an economically important aphid such as M. persicae.
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