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1. Introduction
The cabbage aphid, Brevicoryne brassicae, L. (Hemiptera: 
Aphididae) is one of the most important pests of cole 
crops distributed globally, including Iran (Mahmoodi et 
al., 2020). It feeds on aboveground parts of its hosts and 
causes direct and indirect damage that results in 35 % to 
80 % yield loss (Ramanujam et al., 2017). 

The application of synthetic insecticides is the 
prevalent control method against cabbage aphid (Akbari 
et al., 2014; Mahmoodi et al., 2020). This method results 
in side effects such as decreased density and effectiveness 
of natural enemies, pesticide resistance development, 
environmental pollution, and increased production cost 
(Desneux et al., 2007; Ramanujam et al., 2017). Some 
entomopathogenic fungi (EPFs), including Metarhizium 
anisopliae (Metschn.) Sorok., Beauveria bassiana (Bals.-
Criv.) Vuill., Lecanicillium lecanii Zimm, and Isaria 
farinosus Holmsk, known as fungal endophytes, have 
negative effects on insects (Vega et al., 2008). They 
influence the feeding behavior of phytophagous insects 
by producing mycotoxins, consequently reducing their 
survival and performance (Ríos-Moreno et al., 2016). The 
usage of EPFs has been received increasing interest in pest 

control due to their exclusive characteristics, i.e. specificity 
against target pests, environmentally friendly formulations, 
and compatibility with insecticides. Therefore, they are 
considered an essential part of IPM programs as biological 
agents (Fang et al., 2009; Hokkanen and Menzler-
Hokkanen, 2017). The commercial products of the most 
important EPFs such as B. bassiana, M. anisopliae, and 
L. lecanii have been widely used (Zimmermann, 2007). 
The efficacy of mentioned EPFs is well documented in 
controlling sucking insects (e.g., aphids and whiteflies) 
(Rashki and Shirvani, 2013; Zhang et al., 2018), storage 
pests (Ondráčková, 2015), and mites (Nguyen, 2007). 
Although formulated EPFs have been shown as highly 
effective in the control of some important plant pests 
(Ndereyimana et al., 2019), it is evident that the EPFs’ 
virulence level depends on the ecological conditions they 
have adapted well. Moreover, their efficacy varies between 
strains depending on prevalent environmental factors 
of places where they were obtained (Jaronski, 2007). 
Therefore, evaluating the efficiency and pathogenicity of 
EPFs is important to obtain more virulent and effective 
biopesticides (Mesquita et al., 2020). 
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Despite the many studies involving EPFs, there are a few 
documents concerning their sublethal effects on insects, 
especially on cabbage aphid. The sublethal effects (LC30) 
of M. anisopliae DEMI001 strain were surveyed by Emami 
et al. (2016) against cabbage aphid using female-based life 
table procedure, which could lead to erroneous results 
because it is incapable of describing stage differentiation 
of populations (Huang and Chi, 2012). 

Desneux et al. (2007) considered the sublethal 
concentration of pesticides on beneficial insects. He 
stated that the sublethal effects could be disrupting the 
physiological, behavioral, and fitness parameters of 
the insect’s offspring population as supported by some 
researchers, too (Hokkanen and Menzler-Hokkanen, 
2017; Pelizza et al., 2018; Altinok et al., 2019). Therefore, 
investigating the sublethal effects of EPFs besides lethal 
effects can provide a comprehensive insight into their 
use in biological control and integrated pest management 
programs (Vega et al., 2012; Hokkanen and Menzler-
Hokkanen, 2017). 

However, there is no comprehensive information on 
the aforementioned EPFs’ sublethal effects against cabbage 
aphids to our knowledge. Using EPFs might be a valuable 
and complementary method to reduce the amount of 
insecticides and their disadvantages (Pelizza et al., 2018). 
In this study, we investigated the sublethal (LC25) effects 
of the three isolates of two important entomopathogenic 
fungi, M. anisopliae (AB and Iran 245) and B. bassiana 
(106), on the cabbage aphid using the age-stage, two-sex 
life table method. 

2. Material and methods
2.1. Host plant 
Brassica oleracea L. var. capitata was used as the host plant 
in the experiments, and its seeds were obtained from the 
Agricultural Research Center in Urmia, Iran. Cabbage 
plants were grown in pots in greenhouse conditions, and 
cabbage aphid colonies were reared on these plants. No 
pesticide treatments were applied during the growing 
season.
2.2. Insects and fungal strains
The initial population of cabbage aphid was collected 
from the research field at Urmia University, which was 
not exposed to any insecticides, and they were reared on 
cabbage plants grown in pots in greenhouse conditions. To 
obtain the same aged aphids for experiments, 30 apterous 
adult aphids were released into a clip cage (20 × 20 cm) on 
potted cabbage plants (Akbari et al., 2014). Then, the adult 
aphids were removed using a fine-soft brush after 24 h, and 
the newly born nymphs were kept on the plants until adult 
emergence (Lashkari et al., 2007). 

The fungi isolates used in the study were Metarhizium 
anisopliae AB, M. anisopliae Iran 245, and Beauveria 
bassiana 106, which were prepared from the fungal culture 

collection at Urmia University, Urmia, Iran. Metarhizium 
anisopliae AB and M. anisopliae Iran 245 were isolated as 
endophytic fungi from wheat plants. Beauveria bassiana 
(106) was isolated from Tenebrio molitor L. in the soil in 
Urmia, Iran. The selected strains were screened among 
available strains based on their viability, germination, 
vegetative growth, and virulence properties. Also, the 
isolates selection was based on our preliminary studies in 
which we tested their virulence against cabbage aphid (B. 
brassicae), cotton aphid (Aphis gossypii Glover), and large 
cabbage butterfly (Pieris brassicae L.) larvae (unpublished 
data). 

The isolated fungi strains were subcultured on 
Sabouraud Dextrose Agar (SDA) medium and incubated 
at 26 ± 2 ºC in complete darkness for two weeks for full 
sporulation. The conidia suspension (1 × 101– 1 × 105 
conidia/mL) was prepared based on preliminary bioassay 
tests. The viability test was conducted by spread-plating 
100 µL of a 105 conidia/mL suspension of each strain over 
the SDA medium, and placing four sterile microscope 
coverslips randomly on the surface of each inoculated 
Petri dish. The Petri dishes were incubated at 26 ± 2 ºC in 
the dark. Conidial germination was observed by counting 
100 conidia under each coverslip using a light microscope 
(× 400 magnification). The mean germination rate of M. 
anisopliae AB, M. anisopliae Iran 245, and B. bassiana (106) 
was determined as 100, 96.11, and 99.16 %, respectively, 
after 18 h. 
2.3. Bioassay 
The bioassay tests were done using five concentrations 
(101–105 conidia/mL) of each EPFs and replicated four 
times. To avoid any experimental errors, each replication 
was prepared from the fresh stock solution of each fungal 
strain as described by Hosseininaveh and Ghadamyari 
(2013). The dipping method was used for bioassay tests 
of the EPFs (Lashkari et al., 2007; Mahmoodi et al., 
2020). To do a bioassay test in the same (and optimum) 
condition and avoid any experimental errors, one piece 
of cabbage leaf disc (7 cm in diameter) was dipped only 
once into 10 mL of each replicated solution containing 
0.05% Tween 80 for 10 s. Then, each treated leaf disc was 
put into the Petri dish (8 cm in diameter), separately. After 
that, batches of 15 adult aphids with similar ages (24 h) 
were transferred into each experimental unit. Hence, four 
replicates (each containing 15 adult individuals), were 
used for each concentration of fungal strains.  The dipping 
method was also used for the control group, for which a 
cabbage leaf disc was immersed for 10 s in 10 mL distilled 
water containing 0.05% Tween 80 for four repetitions. The 
LC50 of each treatment was obtained after six days. The 
experiments were carried out at 25 ± 2 °C, 60 % ± 5 % 
RH, and 16:8 h (L:D) photoperiod. To confirm that aphid 
deaths were caused by fungal strains, the dead adults were 
transferred on moistened sterile filter paper and incubated 
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in the dark at 25 °C for fungal appearance (Akbari et al., 
2014).
2.4. Sublethal (LC25) effects of the EPFs on the fitness 
parameters of the cabbage aphid
The used sublethal concentration (LC25) of M. anisopliae 
AB, M. anisopliae Iran 245, and B. bassiana 106 were 13, 
320, and 41 conidia/mL, respectively. The dipping method 
was used to examine the sublethal effects of the fungal 
strains on population parameters of cabbage aphid, as 
described earlier. Briefly, the obtained LC25 concentration 
of each fungal strain was prepared in five repetitions. A 
piece of cabbage leaf disc (7 cm diameter) was immersed 
in each repeated concentration of LC25 containing 0.05% 
Tween 80 for each strain only once for 10 s and placed in 
an individual Petri dish (8 cm diameter). Then, 20 adult 
aphids of the same age (24 h) (five replicates, i.e. a total 
of 100 individuals for each fungal strain) were transferred 
into a Petri dish containing a treated leaf.  After six days, 
50 alive newborn nymphs from each fungal strain were 
selected and transferred onto an untreated leaf, individually. 
Thus, the study of the sublethal effects of EPFs on fitness 
parameters of B. brassicae was initiated using 50 alive 
newborn nymphs. The developmental time, reproduction, 
and survival rate of the aphids were recorded daily until 
death. The aphids in the control group were transferred 
onto cabbage leaves which were treated by 0.05 % Tween 
80 containing sterile distilled water. To ensure that deaths 
are caused by EPFs, the dead insects were transferred to 
Petri dishes containing a piece of wetting filter paper to 
observe the growth of used EPFs. Insects were observed 
daily, and the survival, development, and fecundity were 
recorded. 
2.5. Data analysis
The lethal (LC50, LC90) and sublethal (LC25) concentrations of 
EFPs used, and their 95% confidence limits were estimated 
using Polo Plus software (ver. 2). The developmental time, 
survival, and reproduction data obtained for cabbage 
aphids exposed to sublethal concentrations of the three 
EPFs were analyzed according to the age-stage, two-sex 
life table theory (Chi and Liu, 1985; Chi, 1988) using the 
computer program TWOSEX-MSChart (Chi 2021a). The 
calculated parameters, their definitions, and equations 
were listed in Table 1. The variances and standard errors 
of life history and population parameters were estimated 
via the bootstrap technique (Efron, and Tibshirani, 1993; 
Huang, and Chi, 2012). The differences between treatments 
were assessed using the paired bootstrap test based on the 
confidence interval of differences (Smucker et al., 2007; 
Wei et al., 2020). The population growth of the cabbage 
aphid cohorts exposed to the sublethal concentrations of 
the three EPFs was projected according to the technique 
developed by Chi (1990) using the computer program 
TIMING-MSChart (Chi, 2021b). The life tables based 
on the 0.025th and 0.975th bootstrap results of the finite 

rate of increase were used to project the uncertainty of the 
population growth of cabbage aphid (Huang et al., 2018).

3. Results
3.1. Bioassay test results
Our results indicated that the most effective EPF against 
apterous adult cabbage aphid females was M. anisopliae 
AB followed by B. bassiana 106 and M. anisopliae Iran 
245 (Table 2). There was no mortality in the control group 
cohort six days after treatment.
3.2. Life history and population parameters of cabbage 
aphid
Exposure to sublethal concentration of EPFs resulted 
in a prolonged developmental time of the F1 generation 
of the aphid (Table 3). The preadult duration (N1 to 
adult) obtained for the cohort in the control group was 
significantly shorter than those exposed to EFPs. Among 
the EPF treated groups, the longest preadult duration 
was obtained in the progeny of parents exposed to M. 
anisopliae AB due to the prolonged duration of the first and 
fourth instars (Table 3). Exposing to LC25 of M. anisopliae 
Iran 245 and B. bassiana 106 significantly reduced the 
adult longevity and total longevity of F1 generation of 
cabbage aphids compared to control treatment. The adult 
prereproductive period (APRP) and total prereproductive 
period (TPRP) of females were the shortest in the control 
group; however, the APRP value of this group was not 
significantly different from that of the M. anisopliae Iran 
245 group. M. anisopliae AB treatment resulted in a higher 
reproductive days value and increased fecundity, whereas 
B. bassiana 106 treatment caused lower reproductive days 
value and decreased fecundity (Table 3). 

The effects of sublethal concentrations of EPFs on 
the age-stage specific survival rate (sxj) of cabbage aphids’ 
F1 generation is displayed in Figure 1. The sxj shows the 
probability of a neonate aphid will survive to age x and 
stage j. The survival probability of a newly born cabbage 
aphid to adulthood was considerably higher in the control 
group and the adult females emerged much earlier. 

The age-specific survival rate (lx), fecundity (mx), 
maternity (lxmx), and cumulative net reproductive rate 
(Rx) values of cabbage aphid are represented in Figure 2. In 
the control group, the occurrence of the peak of the age-
specific fecundity (mx) and age-specific maternity (lxmx) 
was much earlier, and the gap between the highest peak of 
the mx and lxmx was much lower due to the higher survival 
rate. The highest cumulative reproductive rate (Rx) was in 
the control group, and the lowest was in the B. bassiana 
106 group (Figure 2). 

Exposing to EPF treatments affected the predicted age-
stage-specific life expectancy (exj) of the aphids (Figure 
3). The life expectancy of a newly born cabbage aphid 
nymph (e01) was 25.5, 22.5, 17.5, and 16.7 days in the M. 
anisopliae AB, control, M. anisopliae 245 and, B. bassiana 
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Table 1. Population parameters, their definitions, and equations used in their calculations.

Parameter and equation Definition

Adult prereproduction period: 
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The mean duration from the adult emergence to the first reproduction, where Di is 
the duration from adult emergence to the first reproduction of the ith individual of 
female, Nf is the total number of female adults.

Total prereproduction period:
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The mean duration from birth to the first reproduction, where Ti is the duration 
from birth to the first reproduction of the ith individual of the female.

Age-stage survival rate:

01nns xjxj =
 

The probability that a neonate survives to age x and stage j (Chi and Liu, 1985), 
where nxj is the number of individuals survive to age x and stage j, n01 is the 
number of newborn offspring at the beginning of life table study.

Age-stage specific fecundity (fxj): The mean number of offspring produced by individuals at age x and stage j (Chi 
and Liu, 1985). 

Age-specific survival rate: 
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female and male (Chi and Liu, 1985), where m is the number of stages. 

Age-specific fecundity: 
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The mean number of offspring produced by individuals at age x (Chi and Liu, 
1985).  

Net reproductive rate:
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The total number of offspring that an average individual (including females, males, 
and those died in immature stage) can produce during its lifetime (Chi and Liu, 
1985).  

Intrinsic rate of increase: 
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The population growth rate as time approaches infinity and population reaches 
the stable age-stage distribution (SASD). The population size will increase at the 
rate of er per time unit. It is calculated by using the Euler–Lotka equation with age 
indexed from 0 (Goodman, 1982; Chi and Liu, 1985). 

The finite rate of increase:
re= 

The population growth rate as time approaches infinity and population reaches the 
stable age-stage distribution. The population size will increase at the rate of λ per 
time unit (Chi and Liu, 1985). 

Mean generation time: It is the period that a population requires to increase to R0-fold of its size as 
time approaches infinity and the population settles down to a stable age-stage 
distribution (Chi and Liu, 1985). 

Age-stage-specific life expectancy:
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= 

It is the time that an individual of age x and stage j is expected to live, where   iys  is 
the probability that an individual of age x and stage j will survive to age i and stage 
y and it is calculated by assuming sxj = 1 (Chi and Su, 2006).

Age-stage reproductive value:
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1
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It is the contribution of an individual of age x and stage j to the future population 
(Huang et al., 2012; Tuan et al., 2014 a, b).

rRT 0ln=
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treatments, respectively. These results indicated that the 
life expectancy of the aphid increased with exposure 
to M. anisopliae AB and decreased with exposure to M. 
anisopliae 245 and, B. bassiana treatments. EPF treatments 
had positive effects on the age-stage-specific reproductive 
value (vxj) of cabbage aphids (Figure 4). The maximum vxj 

peak values obtained in the aphid cohorts exposed to EPF 
treatments were higher than that obtained in the control 
group. However, the peak of vxj occurred much later in the 
EPF groups (v11,5 = 13.2; v22,5 = 17.8; v13,5 = 16.4; and v15,5 = 
16.2 for control, M. anisopliae AB, M. anisopliae Iran 245, 
and B. bassiana, respectively).

Table 3.  Effects of sublethal concentration (LC25) of different strains of two entomopathogenic fungi species on life history 
parameters of Brevicoryne brassicae.

Life history parameters Treatments (n*)

Development and survival Control M. anisopliae AB M. anisopliae Iran 245 B. bassiana 106

N1 (days) 1.14 ± 0.05c (50) 3.78 ± 0.14a (32) 3.02 ± 0.08b (45) 3.20 ± 0.11b (41)
N2 (days) 1.90 ± 0.08b (49) 2.66 ± 0.12a (29) 2.89 ± 0.12a (38) 2.93 ± 0.09a (30)
N3 (days) 1.94 ± 0.07b (48) 2.85 ± 0.17a (27) 2.77 ± 0.11a (31) 2.72 ± 0.13a (29)
N4 (days) 2.52 ± 0.11c (46) 4.52 ± 0.11a (27) 3.27 ± 0.11b (30) 3.48 ± 0.13b (29)
Preadult (days) 7.52±0.17c (46) 13.74±0.39a (27) 11.87±0.18b (30) 12.41±0.21b (29)
Preadult survival rate (%) 0.92 ± 0.04a (46) 0.54 ± 0.07b (27) 0.60 ± 0.07b (30) 0.58 ± 0.07b (29)
Adult duration (d) and reproduction
Adult longevity (days) 16.39 ± 0.92b (46) 30.11 ± 0.11a (27) 13.17 ± 0.79c (30) 13.31 ± 0.72c (29)
Total longevity (days) 22.50 ± 1.11a (50) 25.50 ± 2.88a (50) 17.46 ± 1.43b (50) 16.74 ± 1.57b (50)
APRP (days) 1.02 ± 0.10b (45) 1.59 ± 0.23a (27) 1.03 ± 0.06b (29) 1.46 ± 0.12a (28)
TPRP (days) 8.56 ± 0.21d (45) 15.33 ± 0.47a (27) 12.86 ± 0.18c (29) 13.86 ± 0.23b (28)
Reproductive days (days) 13.02 ± 0.62b (46) 21.67 ± 0.60a (27) 11.79 ± 0.66bc (30) 11.36 ± 0.58c (29)
Reproduction (nymphs/female) 40.96 ± 2.53b (46) 49.63 ± 1.83a (27) 36.67 ± 2.61bc (30) 33.72 ± 2.57c (29)

The means followed by different letters in each row are significantly different (paired-bootstrap at 5 % significance level). 
APRP = adult prereproductive period, TPRP = total prereproductive period, * n = sample size of each stage of B.brassicae.

Table 2. The susceptibility of B. brassicae adults exposed to LC50 and LC25 concentrations of different strains of two 
entomopathogenic fungi species after six days. 

Parameters
Entomopathogenic fungal strains

M. anisopliae (AB) M. anisopliae (Iran 245) B. bassiana (106)

n* = 60 n = 60 n = 60
Slope ± S.E. 0.48 ± 0.11 0.59 ± 0.10 0.47 ± 0.09
LC25 (Conidium/mL) 12.75 319.92 41.15
95 % C. L. (0.008–232.02) (17.03–1540.53) (0.279–438.57)
LC50 (Conidium/mL) 321.19 4346.24 1122.16
95 % C. L.* (2.60–2336.27) (727.30–12289.92) (49.26–5369.83)
LC90 (Conidium/mL) 147542.86 1310018.36 59960.77
95 % C. L. (47689.15–560074.85) (517303.38–6000249.95) 222401.11–2570706.09
chi-square (df = 3) 3.165 3.970 2.314
p-value 0.367 0.265 0.510
Heterogeneity 0.771 0.258 0.352

n = number of individuals used in bioassay test; C. L. = confidence limits.
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Our results indicated that the treatment of EPF affected 
population parameters of the aphid; the net reproductive 
rate (R0), the intrinsic rate of increase (r), and finite rate 
of increase (λ) were the highest and the mean generation 
time (T) was the shortest in the control group (Table 4). 
Among the EPF groups, the greatest R0 value was obtained 
in the M. anisopliae AB group; however, the highest r and 
λ, and the shortest T were in the M. anisopliae Iran 245 
group (Table 4). 
3.3. Population projection
Population projection results indicated that EPFs treatment 
has a considerable impact on the predicted population 
growth of the aphid. The population size obtained in the 
cohorts exposed to EPF treatments were considerably 
lower than that obtained in the control treatment (Figure 
5). Among the EPF groups, the highest population size was 
observed in M. anisopliae Iran 245 treatment, followed 
by B. bassiana 106 and M. anisopliae AB treatments. The 
EPF treatments affected the variability of the projected 
population growth due to the variability observed in 
developmental rate, fecundity, and survival among 
individuals in all treatments (Figure 5). The variability 
range in population growth of the aphid cohorts exposed 
to EPF treatments was similar; however, it was higher than 
that in the control group.

4. Discussion
This paper reported the effects of sublethal concentrations 
of the three native EPFs on the population growth 
performance of cabbage aphid. Apart from the fact that M. 
anisopliae AB treatment promoted prolongation of adult 
life and higher fecundity, the sublethal concentrations 
of EPFs displayed a negative impact on the population 
parameters of cabbage aphid by causing delayed immature 
development, reduced survival and reproduction, and 
shortened adult longevity. The lower net reproductive 
rate (R0), the intrinsic rate of increase (r), the finite rate of 
increase (λ), and the longer mean generation time (T) in 
the control group are good indicators of the effects of EPFs 
on population growth of cabbage aphids. Although the R0 
value of M. anisopliae AB group was the highest among 
EPF treatments due to higher fecundity, its r and λ values 
were the lowest and the T value was the longest among 
EPF treated groups. This fact reflected the combined 
effects of developmental time, survival, first reproductive 
age, reproduction, and the duration of reproduction peak 
formation (Lewontin, 1965). The population projection 
results showed the same trend as population parameters; 
the predicted fastest and the highest population increase 
were in the control group, followed by M. anisopliae Iran 
245, B. bassiana 106, and M. anisopliae AB groups. These 
results indicated that the sublethal concentration of M. 

Figure 1. Age-stage-specific survival rate (sxj) of B. brassicae exposed to sublethal concentration (LC25) of 
entomopathogenic fungi and control group.
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anisopliae AB had the highest negative effect on cabbage 
aphid among the EPFs tested. 

It has been indicated that one of the main reasons for 
pest resurgence following the insecticide application is the 
stimulation of fecundity by insecticides (Desneux et al., 
2007). The fact that the fecundity of the F1 progeny of the 
cabbage aphid population exposed to M. anisopliae AB was 
significantly higher than that of the control group might be 
considered an indication of the stimulation of fecundity by 
this EPF strain. However, the application of M. anisopliae 

AB led to the longest preadult development time, lowest 
survival rate, later reproductive peak formation and 
consequently, the lowest population increase of the aphid. 
Our overall results agree with several studies that reported 
sublethal effects of entomopathogenic fungi on different 
insect pests including aphid. For instance, similar to that 
obtained with B. bassiana 106 and M anisopliae Iran 245 
strains in this study, Rashki et al. (2015) stated that the 
sublethal (LC10) effect of M. anisopliae EUT115 caused 
the delay in developmental time and prolongation of 

 
Figure 2. Age- stage specific survival rate (lx), fecundity (mx), net maternity 
(lxmx) and cumulative reproductive rate (Rx) of B. brassicae exposed to 
sublethal concentration (LC25) of entomopathogenic fungi and control group.
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Figure 3. Age-stage specific life expectancy (exj) of B. brassicae exposed to sublethal concentration 
(LC25) of entomopathogenic fungi and control group.

Figure 4. Age-stage specific reproductive value (vxj) of B. brassicae exposed to sublethal concentration 
(LC25) of entomopathogenic fungi and control group.
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adult longevity of Myzus persicae. The results obtained 
for B. bassiana 106 in this study agree with the results 
of previous studies indicating the effects of sublethal 
concentration of B. bassiana on Frankliniella occidentalis 
Pergande (Zhang et al., 2015) and Phthorimaea operculella 
Zeller (Yuan et al., 2018). The mentioned authors stated 
that sublethal effects could be observed in the long term 
through pest’s physiological and behavioral fluctuations 
that result in reduced survival, delayed development, 
and reduced fecundity. The physiological effects of B. 
bassiana ICMP 8701 on the F1 generation of Bactericera 

cockerelli (Šulc) have been proven through decreasing 
developmental rates, longevity, and fecundity (Liu et al., 
2020). It has been proven that the origin of physiological 
and behavioral alterations in insects are related to the 
secretion of toxic metabolites by EPFs that result in 
nutritional deficiency, nutrient imbalance, and reduction 
in patterns of their motilities (Torrado-Leo´n et al., 2006). 
Proteins, amino acids, and nucleic acids are involved in 
the growth and fecundity of insects. Reduction in the 
amount of these nutrients through the secretion of toxic 
metabolites at the initiation or the end of the infection 

Figure 5. Projection of population growth potential of B. brassicae exposed to sublethal concentration 
(LC25) of entomopathogenic fungi and it’s the uncertainty based on the 2.5th and 97.5th percentiles of 
the confidence interval of the finite rate of increase (λ).

Table 4. Effects of sublethal concentration (LC25) of different strains of two entomopathogenic fungi on population growth 
parameters of Brevicoryne brassicae.

Entomopathogenic fungi R0 (offspring/individual) (n*) r (day-1) (n) λ (day-1)(n) T (day) (n)
Control 37.68 ± 2.79a (50) 0.265 ± 0.0072a (50) 1.303 ± 0.0092a (50) 13.69 ± 0.23d (50)
M. anisopliae AB 26.80 ± 3.62b (50) 0.135 ± 0.0074c (50) 1.144 ± 0.0083c (50) 24.37 ± 0.37a (50)
M. anisopliae Iran 245 22.00 ± 2.96b (50) 0.169 ± 0.0085b (50) 1.185 ± 0.0094b (50) 18.23 ± 0.29c (50)
B. bassiana 106 19.56 ± 2.79b (50) 0.153 ± 0.0081bc (50) 1.165 ± 0.0091bc (50) 19.44 ± 0.26b (50)

The means followed by different letters in each column are significantly different (paired-bootstrap at 5 % significance level). 
R0 = net reproductive rate; r = intrinsic rate of increase; λ = finite rate of increase; T = mean generation time; * n = sample size 
of each stage of B.brassicae.
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cycle by EPFs can disrupt critical processes such as the 
digestive and reproduction system (Yuan et al., 2018).  
A study on the repellency and antifeedant activity of M. 
anisopliae indicated that the secretion of toxic metabolites 
such as destruxins and depsipeptides by this EPF caused 
prolongation of development, starvation, and death of 
Spodoptera litura larvae (Hu et al., 2007). The results 
obtained in our study might be attributed to the secretion 
of toxic metabolites by the tested EPFs. However, more 
investigations are required to substantiate this hypothesis. 
The prolongation of development and reducing the 
mobility of an insect pest may increase the exposure time 
to natural enemies (e.g., parasitoids and predators), which 
in turn decreases the handling time by natural enemies.  
These potential characteristics of EPFs may be essential in 
the context of IPM strategies. 

We showed that preadult stages were less susceptible 
to EPF infection than adults. This finding agrees with 
Prince and Chandler (2020) results, and it might be 
attributed to the smaller size of nymphs, lower levels of 
spore germination during the nymphal period and a short 
inter-molting period which may avoid the penetration of 
EPFs from the attached cuticle to the hemocoel (Prince and 
Chandler, 2020). 

We used the age-stage, two-sex life table to evaluate the 
efficacy of the three native EPFs based on demographic 
parameters of the cabbage aphid. Use of this method 
not only gives more accurate and realistic information 
about population growth parameters but also describes 
the differentiation among stages, dynamic development 
among individuals (Chi et al., 2020). Therefore, it could 
be considered an effective and advantageous method even 
for a parthenogenetic female population such as cabbage 
aphid. In recent years, there has been a great effort to find 
strains of EPFs with significantly high virulence against 
the arthropod pests, and successful results have been 
reported (Hesketh et al., 2008; Elmekabaty et al., 2020). 
For instance, Tesfaye and Seyoum (2010), in a study to 

screen potential native EPFs for microbial control of Aphis 
gossypii, concluded that the use of native EPFs might hold 
promise as an alternative method to chemical pesticides for 
the management of the aphid. 

In conclusion, determining the sublethal effects of EPFs 
along with their lethal effects is essential for the appropriate 
evaluation of the EPFs. As indicated in our study, sublethal 
doses of EFPs may have indirect intergenerational effects 
on pests’ offspring by affecting their biological traits, i.e. 
they affect their development rate, survival, fecundity, 
lifespan, and ultimately population dynamics. Moreover, 
using sublethal concentrations may reduce the side effects 
of EFPs on beneficial insects (Emami et al., 2021), and 
may reduce the quantity and cost of inoculation required 
for entomopathogenic fungi (Liu et al., 2020; Sharififard et 
al., 2011). Our results demonstrated that all tested native 
entomopathogens negatively affected the population 
growth of the cabbage aphid, and the highest impact was 
obtained with M. anisopliae AB. These findings can be used 
to construct an effective and timely control program for the 
cabbage aphid. However, the key biological characteristics 
of a mycoinsecticide is its virulence toward the target 
insect(s) and finite pathogenicity to nontarget organisms 
(Goettel et al., 2004). Therefore, the effects of sublethal 
doses of EPFs on natural enemies should be tested to 
access more reliable and applicable results. Furthermore, 
the conidial survival of EPFs can be negatively affected 
by applying chemicals that are commonly used to control 
cabbage aphid and other pests in the same ecosystem. 
Therefore, determining the compatibility of the tested EPFs 
with the chemical insecticides used in an IPM program 
is of critical importance. Further studies are needed to 
evaluate the EPFs with the commonly used insecticides to 
inform the farmers to select suitable insecticides and EPFs 
in integrated pest management programs. 
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