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ABSTRACT
The advantage of a combination treatment with two entomopathogenic fungi Beauveria bassiana and
Lecanicillium muscarium was assessed in laboratory bioassays on different nymphal stages of Trialeurodes
vaporariorum. Among the fungal isolates, two isolates of each fungus differing in virulence from the
highly virulent against T. vaporariorum were chosen. The results showed that there was a significant
difference in mortality between the 103conidia/ml and 106 conidia/ml for both L. muscarium and B.
bassiana. The mortality due to the combination were generally higher than that caused by each in 106
conidia/ml. on young nymphs. The pathogenicity in the combination treatments 106 conidia/ml of L.
muscarium with B. bassiana, no synergistic effect was observed. The mortality was higher in 103 conidia/
ml of L muscarium plus 103 conidia/ml of B. bassiana compared to 103 conidia/ml of B. bassiana alone
while there was no significant difference between 103conidia/ml of L. muscarium and 103 conidia/ml of L
muscarium plus 103 conidia/ml of B. bassiana. From these experiments, beneficial effect was observed in
using the two fungi together compared compared to the separate application of B. bassiana.
Key words: Entomopathogenic fungi, Beauveria bassiana, Lecanicillium muscarium, Trialeurodes
vaporariorum, Combination treatment

Several entomopathogenic fungal pathogens of
whiteflies such as Beauveria bassiana, Lecanicillium
spp. and Metarhizium anisopliae with good potential
for control had been isolated from a variety of insects
(Wraight et al. 1998; 2000, Faria and Wraight, 2007).
When the conidia contact the host, they germinate,
penetrate the cuticle, and grow inside, killing it (Joseph
et al. 2010). Mycoinsecticides are a wide range of fungi
which invade actively the cuticle of insects which is,
an advantage for the management of aphids, thrips and
whiteflies. For the successful biological control the
biology of the control agent but also it’s compatibility
with other agents is important (Cuthbertson and
Murchie, 2007). Appropriate co-application of two or
more fungi or fungal strains with different host ranges
and climatic tolerances can be considered a strategy to
achieve a reasonable control. It has been shown that
there is a need for coformulation studies to examine
whether fungi will act synergistically (Wang et al.
2002). Very few previous studies had evaluated the
efficacy of combined application of two

entomopathogenic fungi. Inglis et al. (1999) tested the
efficacy on the grasshopper, Melanoplus sanguinipes
with B. bassiana and Metarhizium anisopliae and to
determine if efficacy over different temperatures could
be increased. The objective of our study was to
investigate the compatibility effect of the
entomopathogenic fungi, B. bassiana and L.
muscarium against nymphal stages of T. vaporariorum
under laboratory conditions.
MATERIALS AND METHODS

/

The adults of greenhouse whitefly, Trialeurodes
vaporariorum collected from a colony maintained in a
greenhouse in campus of the Isfahan University and
Technology (Isfahan, Iran) was reared on tomato
variety CH. Falat at 24±2°C, and 16:8 h photo period
following the method of Cuthbertson et al. (2005).
Nymphal instars were obtained from this colony. The
colony was established from an approximately of 1000
male and female adults kept in insect-free cages (80H80W-80D cm). Each tomato leaflet was covered with
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a clip cage. Approximately 40 adults (female and male),
randomly collected from a single population, were
transferred into each clip cage. Then allowed to lay
eggs on the leaflet, for 72h at 24±1oC, 70±10 R.H under
16:8 (L:D) photoperiod. After a period of 11 days, the
first and second instar nymphs appeared and 20 days
after the laying eggs, the third and fourth instars
appeared.
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Isolates of B. bassiana and L. muscarium
(DAOM198499) were obtained from the Research
Institute of Forest and Rangelands (Tehran, Iran). These
fungi were grown in the petri dishes on potato dextrose
agar (PDA) in the incubator at 24 ± 2 °C under a 16h
photoperiod.
A mixture of conidia and hyphae were harvested
from 13-15 days-old cultures by scraping with a sterile
glass bar and suspended in 10 ml of sterile distilled
water supplemented with 0.01% (vol/vol) Tween 80
surfactant. Conidia were separated into 2 layers of
sterile tissue paper shaken by horizontal shaker for 5
min at 3000 rpm for producing a homogenous conidial
suspension. The concentration of conidial suspension
was determined by using a Neubauer haemocytometer.
According to the method of Hall (1976), the viability
of the conidia was assessed ensure it is more than
95.5%. For each treatment, conidial suspensions of 103104-105-106 conidia/ml were applied to the each leaves
using a sterlized hand spray with fine droplet spray
nozzle from a distance of 20 cm. The experiment was
performed in a complete randomized block design with
six replicates. The leaves with insects were carefully
transferred to petri dishes (90 mm diameter) that was
lined with two 90 mm wetted filter papers. The leaf
petiole which was cut and covered with a piece of
sterile cotton containing 1% NPK (20-20-20) fertilizer.

A piece of plastic was placed on the filter papers so
that the leaves did not touch the wet surface. The
control leaves were treated only with sterile distilled
water that contained 0.01% (vol/vol) Tween 80 and
were left to dry at room temperature for a few minutes.
The dishes were incubated at 24±1°C,70±10, R.H.
under 16:8 (L:D). The pathogenicity on T.
vaporariorum nymphs was monitored 7 days after
incubation using a binocular. Nymphs that were either
covered by dense mycelia mass or whose color changed
from transparent greenish to opaque white were
considered dead.
The percentage of mortality was transformed by
Abbott’s (1952) formula and the final proportion of
dead nymphs at each concentration were analyzed by
a one-way ANOVA followed by Least Significant
Difference (LSD) test at 5% level of significance. All
statistical analyses were carried out using SAS software
version 8 (SAS Institute 1999).
RESULTS AND DISCUSSION

In laboratory tests, T. vaporariorum nymphs were
susceptible to the fungi, and there was a significant
reduction in survival of the young nymphs as the fungal
concentration increased. However, there was a
significant difference in mortality between the lower
(103 conidia/ml) and higher fungal concentrations (106
conidia/ml) for both L muscarium and B. bassiana (F
=133.95, df = 12, P < 0.001). The data revealed that
the mortality due to the combination of fungi was
higher compared to separate fungus treatments in 106
conidia/ml (Table 1). By contrast, no significant
difference between mortality caused by combination
of two fungi in 106 conidia/ml and 106 conidia/ml of L.
muscarium alone has been observed. The mortality was

Table 1. Mean mortality percentage of young instars of Trialeurodes vaporariorum caused by Beauveria
bassiana and Lecanicillium muscarium
Treatments
106 conidia/ml of L muscarium+106 conidia/ml of B. bassiana
106 conidia/ml of L. muscarium+103 conidia/ml of B. bassiana
106 conidia/ml of L. muscarium
106 conidia/ml of B. bassiana
3
10 conidia/ml of L muscarium+106 conidia/ml of B. bassiana
103 conidia/ml of L muscarium+106 conidia/ml of B. bassiana
103 conidia/ml of L muscarium
103 conidia/ml of B. bassiana
control

Percentage mortality ±SE
71.12±0.11a*
66.76±0.46ab
66.66±1.82ab
62.74±0.53b
49.78±0.68c
18.75±0.38d
14.12±1.13d
3.44±0.52e
2.22±0.1e

*Means with the same letter are not significantly different as determined by LSD Test.
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Table 2. Trialeurodes vaporariorum vs. Beauveria bassiana and Lecanicillium muscarium
Treatments

Mortality % ±SE

10 conidia/ml of L. muscarium+106 conidia/ml of B. bassiana
106 conidia/ml of L muscarium
6
10 conidia/ml of L muscarium+103 conidia/ml of B. bassiana
103 conidia/ml of L muscarium+106 conidia/ml of B. bassiana
106 conidia/ml of B. bassiana
3
10 conidia/ml of L. muscarium+103 conidia/ml of B. bassiana
103 conidia/ml of L muscarium
103 conidia/ml of B. bassiana
control

89.43±1.17a*
86.63±0.64a
72.56±0.69b
72.02±0.8b
70.43±1.09b
18.83±0.39c
15.79±0.81c
13.26±0.55c
2.76±0.15d
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*Means with same letter are not significantly different.

higher in 106 conidia/ml of L. muscarium plus 103
conidia/ml of B. bassiana, compared to 106 conidia/
ml of B. bassiana with plus 10 3 conidia/ml of L.
muscarium; also the mortality was higher in 10 3
coniHMml of L. muscarium plus 103 conidia/ml of B.
bassiana compared to 103 conidia/ml of B. bassidna
alone. There was no significant difference between
103conidia/ml of L muscarium and 103conidia/ml of
L. muscarium plus 103conidia/ml of B. bassiana.
No synergistic effect was evidenced but in contrast,
the percentage of mortality in combination treatment
of 106 conidia/ml was more than that of 106 conidia/ml
of B. bassiana alone.
The results revealed that L. muscarium and B.
bassiana can be effective. The effects of L. muscarium
and B. bassiana on different life stages of whiteflies
and aphids are well known (Poprawski and Jones 2000;
Gindin et al. 2000; Down et al. 2009; Abd El- Salam
and El- Hawary 2011). Our study showed that the third
and fourth instars were more susceptible (Table 1 and
2). This finding is supported by Poprawski et al (2000)
who stated that the third instar of T. vaporariorum was
highly susceptible to the infection of Paecilomyces
fumasoroseus and B. bassiana on cucumber plants. All
nymphal stages were more susceptible to L. muscarium
compared the B. bassiana. In treatments with both B.
bassiana and L. muscarium, only one species
sporulated on the nymphs’ body as reported earlier
(Inglis et al. 1999; Wang et al. 2002; Rao et al. 2006;
Islam et al. 2010). Our results revealed a significant
difference in percentage mortality between L
muscarium and B. bassiana in all instars. Moreover,
L. muscarium caused more mortality when compared
to B bassiana in 106 conidia/ml. Similar results on the

gypsy moth larvae treated with entomopathogenic
fungus Entomophaga maimaiga and virus, fungal
sporulation on infested larvae had been shown (Malakar
et al. 1999). It was also shown that B. bassiana and L.
muscarium are mutually compatible in the in vitro tests.
This study showed that there was a beneficial effect in/
using two fungi together compared to B. bassiana alone.
However, their mode of action needs to be investigated
further, as it seems that the integrated usage of the insect
pathogenic fungi L. muscarium and B. bassiana could
be an effective strategy.
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