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Abstract 

 
A series of laboratory experiments were conducted to study the effect of Iraqi entomopathogenic fungi Verticillium lecanii, and Isaria 

fumosorosea entomopathogenic on the mortality level of larval and adult stages of Green peach aphids Myzus persicae. The results showed 
that first and second instar nymphs were more susceptible to infection with both fungal species where the mortality levels were (96.9 and 
93.9%) and (90 and 89.8%) respectively, compared to adult stage which was less susceptible to infection. The evaluation of effect of aphid 
host plant (cucmber, green pepper, eggplant) on the efficacy of V. lecanii and I. fumosorosea against third instar nymphs of M. persicae was 
showed that there was a significant effect of host plant species on the corrected mortality of M. persicae caused by V. lecanii and I. 
fumosorosea, with the highest rate of mortality recorded against M. persicae feeding on cucumber compared to green pepper and eggplant 
which was 95.5 and 87.5% respectively.  
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Introduction 

The green peach aphids (Myzus persicae) (Hemiptera: 
Aleyrodidae), is one of the most devastating and serious 
insect pests of protected vegetable crops in Iraq (Mohammed 
et al., 2018). All feeding stages of M. persicae damage crops 
both directly, through the direct removal of phloem sap and 
indirectly by secreting large amounts of honeydew, 
encouraging the growth of sooty mould and it is a vector of 
several economically important plant viruses (Blackman and 
Eastop, 2007). 

Although chemical control is still the main way of M. 
persicae worldwide, but its use results in insecticide residues, 
high levels of insecticide resistance and high costs (Bielza, 
2008, Gao et al., 2012). Secondary, there are increasing 
awareness of environmental concerns related to the use of 
insecticides (Koureas et al., 2012). Both reasons have 
encouraged the development of alternative methods of M. 
persicae control such as biological control including the use 
of entomopathogenic fungi in the greenhouses. 

Several entomopathogenic fungi including Beauveria 

bassiana, Lecanicillium muscarium, and Metarhizium 

anisopliae, play an important role in biological control of 
aphid species worldwide (Kim et al., 2007). More recently, 
an Iraqi isolate Lecanicillium lecanii (Sordariales: 
Chaetomiaceae) has been shown a significant against both M. 
persicae and Aphis gossypii under laboratory and greenhouse 
conditions (Mohammed et al., 2018). Worldwide, there are 
38 entomopathogenic fungal  species or varieties have been 
developed and used as microbial control agents against insect 
pests including aphid species (Faria and Wraight, 2007). 
However, there are no commercial products based on 
entomopathogenic fungi registered to control insect pests in 
Iraq.  

One of the most important aspects on the potential use 
of entomopathogenic fungi to infect host insects is insect 
developmental stages (Kim and Roberts, 2012). The 
differences in susceptibility of  may relate to biochemical 
composition and/or physiological characteristics of the 
cuticle (Tang and Hou, 1998, Kirkland et al., 2004). The 
susceptibility of different developmental stages of aphid 

species such as M. persicae (Mohammed and Hatcher, 2016) 
and A. gossypii (Kim and Roberts, 2012) to fungal infection 
has been studied, but there are a few information on the 
efficacy of Iraqi isolates of entomopathogenic fungi against 
different developmental stages of M. persicae. Thus, such 
information may help develop management strategies for the 
use of entomopathogenic against M. persicae populations in 
field and greenhouse conditions. 

Host plant species often differ in their complex direct 
and indirect defence mechanisms against aphids (Cory and 
Hoover, 2006). Direct defence includes morphological and 
chemical strategies which are the traits or densities of the 
aphids (Wu and Baldwin, 2010). These direct effects of 
plants on the density or traits of aphids may then propagate to 
entomopathogenic fungi indirectly influence. The most direct 
way that a plant affects entomopathogenic fungi is through 
the leaf surface (phylloplane). Surface waxes are an 
important plant characteristic influencing the efficacy of 
entomopathogenic fungi (Inyang et al., 1999). For instance, 
the efficacy of the fungus Pandora neoaphidis against the 
pea aphid Acyrthosiphon pisum was higher on plants with 
reduced wax bloom as a result of increased adhesion and 
germination of the fungal conidia on the aphid cuticle 
(Duetting et al., 2003).  

The secondary metabolites can also modify the 
physiology and growth of insect herbivores, affecting their 
susceptibility to fungal infection (Ali et al., 1998). For 
example, inadequate insect host plant often leads to increased 
insect susceptibility to entomopathogens (Santiago-Alvarez 
and Ortiz-Garcia, 1992) by reducing aphid performance, and 
the use of host plants that induce nutritional stress in aphids 
can substantially enhance the efficacy of entomopathogenic 
fungi. Naranjo et al. (2003) reported that Bemisia tabaci 
reared on preferred plants were more vigorous and less 
susceptible to fungal infection than when reared on non-
preferred plants.  

The objectives of this study were to evaluate  the 
susceptibility of different instar nymphs and adults of M. 
persicae to infect with Iraqi entomopathogenic fungal 
isolates, and to investigate the effect of different aphid host 
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plants on the efficacy of V. lecanii and I. fumosorosea against 
M. persicae. 

Materials and Methods 

Host plants 

Three host plants were used: cucumber (Cucumis 

sativus), green pepper (Capsicum annuum) and eggplant 
(Solanum melongena). The plants were grown in a constant 
temperature room at 20oC, 50-65% relative humidity and a 
photoperiod of 12:12 (L:D) h. All experiments were 
performed using plants with 7-10 leaves (6-8 weeks old). 

Rearing M. persicae 

M. persicae, was collected initially from cucumber and 
eggplant plants in greenhouses at Faculty of Agriculture, 
University of Kufa in 2017. The aphids were identified under 
a light compound microscope using polyphagous aphid keys 
(Blackman and Eastop, 2000). M. persicae was reared on 
cucumber plants 5–6 weeks old in 45 × 45 × 45 cm cages at 
23 ± 2°C and with 16:8 h daily photoperiod for several 
generations. Plants were replaced every two weeks with 
healthy 5–6 week-old plants. From the original colony of M. 
persicae above, separate colonies were reared on each of the 
three host plants for two generations on the same crop prior 
to the experiment start for the insects to adapt to each host 
plant in the same conditions.  

Source and preparation of entomopathogenic fungi 

V. lecanii and I. fumosorosea were obtained from the 
Plant Protection Department, University of Kufa, which were 
originally isolated from aphids. These fungal isolates were 
cultivated on potato dextrose agar (PDA) or Sabouraud’s 
agar at 25°C. Aerial conidia of each isolate were harvested 
from 10-d-old cultures by adding 12 ml of 0.02% Tween 80 
to culture agar plates and gently scraping the surface of the 
cultures with a sterile inoculating loop to dislodge the conidia 
from the surface of the agar plates. The conidial suspension 
of each isolate was pipetted from the plate and filtered 
through three layers of cheesecloth. The number of conidia in 
the suspension was determined using a haemocytometer 
(Neubauer improved, Superior Marienfeld, Germany). The 
resulting suspension of each isolate was diluted to the desired 
concentrations with 0.02% Tween 80 (BDH Chemicals Ltd., 
Poole, UK) as required. The viability of the conidia of each 
fungal isolate was determined by spraying 0.1 ml of 1 × 106 
conidia ml−1 on a sterile Petri dish with 1.5% Sabouraud 
dextrose agar (SDA). The dishes were sealed with parafilm 
and incubated at 20 °C, 90 ± 2% RH and a photoperiod of 
16:8 (L:D) h. After 24 h, the number of germinated spores 
per 100 spores of each plate was assessed under the 
microscope (400× magnification). Germination was 
considered positive when the length of the germ tube was at 
least half the spore length. The viability of each fungal 
isolate exceeded 93%. 

Effect of M. persicae developmental stages on the efficacy 

of V. lecanii and I. fumosorosea 

This experiment was carried out in a growth chamber at 
20°C, 65 ± 2% RH and a photoperiod of 12:12 h (L:D). The 
method described by Mohammed and Hatcher (2016) was 
used to obtain a uniform age of different developmental 
stages of M. persicae (adults, fourth instars, third instars, 
second instars and first instars). Adults of M. persicae were 
transferred from a stock culture onto 8- week-old cucumber 

plants (20 adults per plant) using two 3-cm-diameter clip-
cages and allowed to produce nymphs for 10, 7, 5, 3 or 1 
days before bioassay to allow all five developmental stages 
to be available for experimental use on the same treatment 
date. The adults were then removed and the offspring 
counted (25 nymphs per plant) and allowed to develop on the 
plants for 9, 6, 4, 2 or 0 additional days before beginning the 
experiment in the growth chamber at 20°C, 65 ± 2% RH and 
a photoperiod of 12:12 (L:D) h. One milliliter of conidia 
suspension (107 conidia ml-1 ) of either V. lecanii and I. 
fumosorosea was sprayed onto cucumber leaves which had  
either 25 first instar nymphs, second instar nymphs, third 
instar nymphs, fourth instar nymphs or adults  using 
handheld sprayer. The control group was sprayed with 0.02% 
sterile aqueous Tween 80. Dead aphids were counted after 1, 
3, 5 and 7 days. 

The effect of aphid host plant on the efficacy of V. lecanii 

and I. fumosorosea 

The goal of this laboratory experiment was to determine 
the effect of three different host plants on the efficacy of 
either V. lecanii and I. fumosorosea against M. persicae. The 
plants of each species, each of which had been infested with 
25 third instar aphid nymphs, were sprayed once with 1 ml of 
fungal concentration (1×108 spores ml-1) of either V. lecanii 
and I. fumosorosea. Plants in the control treatment were 
sprayed with 0.02% sterile aqueous Tween 80 only. After 
treatment, the plants were kept at room temperature for 1 h to 
dry and then transferred to a growth chamber at 20oC, 65 ± 
3% RH and a photoperiod of 12:12 (L:D) h. To prevent 
aphids moving within or between treated plants, they were 
kept in 3-cm-diameter clip-cages post-spraying. Seven 
replicates per each host plant and the same number in the 
control were used. Dead aphids were counted after 1, 3, 5 and 
7 days.  

Statistical analysis 

Statistical analyses of all experiments were conducted 
using GenStat (version 16). Data were transformed using 
arcsine square root transformation when it was necessary to 
meet the assumption of normality. Aphid mortality data were 
corrected for natural death in the control using Abbott’s 
formula (Abbott, 1925). The effect of aphid developmental 
stage on the efficacy of either V. lecanii and I. fumosorosea 
was analysed using two-factor repeated measurement 
analysis ANOVA. The effect of aphid host plant on the 
mortality of M. persicae was analysed using two-factor 
repeated measurement analysis ANOVA.  

Results and Discussion 

Effect of M. persicae developmental stages on the efficacy 

of V. lecanii and I. fumosorosea 

The developmental stage of M. persicae had a significant 
effect on the aphid  mortality when aphids were treated with 
V. lecanii or I. fumosorosea. In case of V. lecanii, first instars 
and second instars were high susceptible for infection, 
compared with adults, fourth instars and third instars 7 days 
post-treatment (P ≤ .001) (Table 1). In case of I. 
fumosorosea, the highest mortality occurring to first instars 
and second instars compared to adults, fourth instars and 
third instars 7 days post-treatment (Table 2). Aphid mortality 
was much lower in control treatments and ranged from 2% to 
5%. The lower susceptibility of adults of M. persicae may be 
explained by changes  in cuticle biochemical composition 
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during development such as the presence of toxic 
compounds, which may inhibit spore germination (Kirkland 
et al., 2004). These results are in agreement with previous 
studies, indicating highest mortality caused by 
entomopathogenic fungi in young nymph stage of aphid 
species and other insects as compared with adult stages 
(Nazemi et al., 2014).  
Table 1: Corrected mortality (±SE) of first, second, third and 
fourth instar nymphs and adults of M. persicae sprayed with 
1 × 107 conidia ml-1 of V. lecanii after 1, 3, 5 and 7 days of 
application. 

Corrected mortality (±SE) 
Developmental stage 

1 day 3 days 5 days 7 days 

First instar nymph 22 ± 0.9 53.5 ± 2.9 80.1 ± 4.3 90 ± 3.6 
Second instar nymph 21.4 ± 0.6 46.7 ± 1.4 77.5 ± 3.2 89.9 ± 3.4 
Third instar nymph 9.2 ± 0.3 43.4 ± 0.8 76.9 ± 2.5 81.1 ± 2.7 
Fourth instar nymph 5.5 ± 0.1 38.1 ± 1.1 65.8 ± 1.9 74.3 ± 3.2 

Adult 4.1 ± 0.1 35 ± 2.3 55.4 ± 1.7 74.3 ± 4.1 
L.S.D(0.05) for developmental stage = 3.01; L.S.D(0.05) for days= 1.41 
L.S.D(0.05) for interaction = 3.98  
 
Table 2: Corrected mortality (±SE) of first, second, third and 
fourth instar nymphs and adults of M. persicae sprayed with 
1 × 107 conidia ml-1 of I. fumosorosea after 1, 3, 5 and 7 days 
of application. 

Corrected mortality (±SE) 
Developmental stage 

1 day 3 days 5 days 7 days 

First instar nymph 5.4 ± 0.2 64.5 ± 1.6 75.9 ± 2.5 96.9 ± 2.9 
Second instar nymph 6.8 ± 0.1 54.9 ± 2.1 73.3 ± 1.3 93.9 ± 3.8 
Third instar nymph 8 ± 0.3 40.9 ± 1.4 65.8 ± 0.6 94 ± 4.3 
Fourth instar nymph 4 ± 0.1 39.2 ± 2.3 62.8 ± 2.5 79.9 ± 2.1 

Adult 1.2 ± 0.1 32.4 ± 0.9 55.4 ± 1.9 72.6 ± 2.2 
L.S.D(0.05) for developmental stage = 3.53; L.S.D(0.05) for days=1.81 
L.S.D(0.05) for interaction = 4.97. 
 

The effect of aphid host plant on the efficacy of V. lecanii 

and I. fumosorosea 
 

Mean percentages (±SE) of aphid mortality in control 
treatments were very low: 1.2 ± 0.8 % (eggplant) to 3.8 ± 1.2 
% (green pepper) after 7 days. There was a significant effect 
of host plant species on the corrected mortality of aphids 
caused by V. lecanii (P ≤ 0.001), with the highest mortality 
recorded against third instar nymphs of  M. persicae feeding 
on cucumber, compared with the lowest mortality recorded 
against aphids feeding on eggplant (Table 3).  

Table 3: Cumulative mortality (Mean ± SE). of M. persicae 
fed on cucumber, green pepper or eggplant and treated with 
1×107 conidia ml-1 of V. lecanii.  

Corrected mortality (±SE) 
Host plant 

1 day 3 days 5 days 7 days 

Cucumber 0.8 ± 0.2 47.4 ± 1.6 74.7 ± 2.5 87.5 ± 2.9 
Green pepper 0.8 ± 0.1 33.8 ± 2.1 67.8 ± 1.3 85.7 ± 3.8 
Eggplant 0 ± 0.3 31.2 ± 1.4 65.2 ± 0.6 82.1 ± 4.3 
L.S.D(0.05) for host plant = 1.24 ; L.S.D(0.05) for days = 1.38  
L.S.D(0.05) for interaction = 2.42.  

 

         Meanwhile, there was a significant effect of host plant 
species on the corrected mortality of aphids caused by I. 
fumosorosea (P ≤ 0.001), with the highest mortality recorded 
against third instar nymphs of  M. persicae feeding on 
cucumber, compared with the lowest mortality recorded 
against aphids feeding on eggplant (Table 4). The time after 
fungal application and the interaction between host plant 

species and time after treatment were also significantly 
different (P ≤ 0.001). 

Table 4: Cumulative mortality (Mean ± SE). of M. persicae 
fed on cucumber, green pepper or eggplant and treated with 
1×107 conidia ml-1 of I. fumosorosea.  

Corrected mortality (±SE) Host plant 

1 day 3 days 5 days 7 days 

Cucumber 2.4 ± 0.2 44.9 ± 1.6 79.9 ± 2.5 95.5 ± 2.9 
Green pepper 1.6 ± 0.1 39.8 ± 2.1 67.8 ± 1.3 92.8 ± 3.8 

Eggplant 0 ± 0.3 27.1 ± 1.4 55.6 ± 0.6 90.4 ± 4.3 
L.S.D(0.05) for host plant = 1.45 ; L.S.D(0.05) for days =  1.22 
L.S.D(0.05) for interaction = 2.32.  

 
The significant lower mortality of M. persicae feeding 

on eggplant compared to those aphids feeding on cucumber 
may have two possible reasons. First, it could be a result of 
the direct effects of eggplant on aphid nutritive values by 
increasing their fresh weights and performance, which may 
be decreased their susceptibility to both V. lecanii and I. 

fumosorosea. Naranjo et al. (2003) found that Bemisia tabaci 
reared on preferred plants were more vigorous and less 
susceptible to fungal infection than when reared on non-
preferred plants. In addition, Mohammed (2016) reported the 
lower efficacy of Lecanicillium muscarium against M. 

persicae feeding on green pepper and bean compared to 
those aphids feeding on rye and coriander. The second 
possible reason of the lower mortality of M. persicae feeding 
on eggplant might be due to the high concentrations of 
tomatine in eggplant which sequestered by the aphids. 
Tomatine produced by some plant species of Solanaceae are 
hypothesised to alter many steps of the infection cycle by 
entomopathogens depending upon their concentrations (Cory 
and Hoover, 2006). These results are in agreement with 
Santiago-Álvarez et al. (2006) found that nymphs of B. 
tabaci reared on cotton and green pepper were less 
susceptible to infection by B. bassiana than were nymphs 
reared on cucumber and marrow. They suggested that the 
decreased susceptibility might be due to the high 
concentrations of gossypol and tomatine in cotton and green 
pepper which sequestered by the whiteflies. 

It can be concluded that both Iraqi fungal isolates V. 

lecanii and I. fumosorosea were high virulent to all 
development stages M. persicae in the laboratory conditions 
when applied at a rate of 1 × 107 conidia ml-1 . In addition, V. 

lecanii and I. fumosorosea caused a high mortality level 
against M. persicae feeding on all tested host plants, 
especially cucumber. These results suggested that it might be 
useful to use these entomopathogenic fungi as an alternative 
to synthetic insecticides for the control of M. persicae. 
However, further studies are required to be carried out under 
field and semi-field conditions to establish the sensible 
application dosage for these entomopathogenic fungi, the 
cost-effectiveness of using them as a part of integrated pest 
management. 
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