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Abstract

This study was carried out to determine the effects of the entomopathogenic fungus, Lecanicillium
longisporum Zimmermann Strain LRC 190, on survival and population growth parameters of the cab-
bage aphid, Brevicoryne brassicae (L.) treated by using different conidial concentrations (1x103, 1x10%,
1x10°, 1x108, and 1x107 conidia/ml). Experiments were conducted at 23+1°C temperature, 605 %RH
and a photoperiod of 16: 8 h. (L: D) on cabbage seedlings, Brassica oleracea var. capitata under labor-
atory conditions. Based on the results the longevity of the aphid adults was significantly different based
on conidial concentrations of L. longisporum (Petch) Zare and Gams. The shortest longevity of the
cabbage aphid adults was 10.70+1.59 days when treated with 1x107 conidia/ml, compared to
22.65+0.94 days in control treatment. The LCso value was 1.82x106 conidia/ml 7 days after inoculation.
Net rate of reproduction (Ro), intrinsic rate of increase (rm) and finite rate of increase (1) were signifi-
cantly reduced in treated aphids compared to control treatment. There was no significant difference
among mean generation times (T) in populations treated with 1x10%, 1x108, 1x107 conidia/ml (P>0.05).
Fungal infection was detectedin lower rm values and prolonged doubling time (DT) in treated females
(3.492 days at the concentration of 1x107 conidia/ml), compared to the control (2.652 days). Consider-
ing higher concentrations of L. longisporum can effectively reduce the cabbage aphid longevity, repro-
duction and population growth under laboratory conditions, it seems that the fungus has ability for
biological control of the cabbage aphid.
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Introduction

The cabbage aphid, Brevicoryne brassicae (L.), is one of the most serious pests of brassicas in many
countries (Moharramipour et al., 2003). It damages the plants directly via sap utilization and indirectly
by distortion and deformation of the leaves. When the pest population increases, the quality of the crop
considerably decreases. Moreover, the cabbage aphid is a vector of some plant viruses, such as cabbage
ring necrosis, cabbage back ring spot, radish mosaic, cauliflower mosaic and turnip mosaic virus (Ellis
etal., 1998). On the other hand, the management of this pest is mainly based on the repeated application
of synthetic insecticides during a season which led to numerous problems, such as acute and chronic
toxicity on biocontrol agents and pollinators. Also, use of chemical insecticides results in resistance of
the host populations and affects the consumer health (Isman, 2006). Therefore, using another pest man-
agement strategies is necessary for B. brassicae control. One possible strategy is to develop biocontrol
methods as alternatives or in combination with other compatible controlling methods. Among different
biocontrol agents, entomopathogenic fungi demonstrated high pest management potential, especially
for hosts with piercing and sucking mouthparts like aphids, as they invade actively through the insect
cuticle. Once adhesion takes place, the fungi develop on and penetrate to the host cuticle and proliferate
in the hemolymph (Holder and Keyhani, 2005). Lecanicillium longisporum (Petch) (Zare and Gams)
(formerly known as Verticillium lecanii (Zimmermann) Viegas) is a mitosporic entomopathogenic
fungi and has been commercialized as a microbial control agent (Vertalec®) for aphids (Copping, 2004;
Faria & Wraight, 2007; Powell & Pell, 2007). Other isolates of this fungus have been commercially
developed against whiteflies and thrips as Vertirril®. This species along with others in the Lecanicillium
genus are important insect pathogens, some also act against plant pathogenic fungi and nematodes
(Goettel et al., 2008).

Different studies have been directed to the lethal effects of L. longisporum on insect pests including
Acyrthosiphon pisum Harris (Safavi et al., 2002), Aphis gossypi Glover (Kim et al., 2007, 2008, 2010),
Sipha maydis (Passerini), Metopolophium dirhodum (Walker) (Fadayivata et al., 2014), Cinara pini
(L.) (Nazemi et al., 2014), Trialeurodes vaporariorum Westwood (Fazeli-Dinan et al., 2016), and
Planococcus citri Risso (Ghaffari et al., 2017).

Among sublethal effects, decreasing of the host insect fitness and life table parameters can be indi-
cated (Stark & Banks, 2003). Although, reproduction, longevity and development time are the key fac-
tors in aphid population dynamics, there is not complete information about the influence of entomopath-
ogenic fungi on the cabbage aphid life table parameters. Emami et al. (2016) studied the lethal and
sublethal effects of the entomopathogenic fungus, Metarhizium anisopliae (Metch.) Sorokin on life
table parameters of cabbage aphid. Life table parameters of Aphis gossypii have been estimated after
inoculation with Beauveria bassiana (Bals.-Criv.) Vuill. (Rashki & Shirvani, 2013). Sublethal effects
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of the some insecticides, such as thiacloprid and thiamethoxam have been studied on life table of Brevi-
coryne brassicae (Taheri Sarhozaki & Safavi, 2014a,b).

There is few research on sublethal effects of L. longisporum on the cabbage aphid. In this research,
we studied the lethal and sublethal effects of L. longisporum (isolate LRC 190) on population growth

parameters of the cabbage aphid, B. brassicae on white cabbage.

Material and methods
Rearing of the aphids

The initial population of the cabbage aphid, B. brassicae L. was collected from white cabbage fields
of Nazloo Campus, Urmia University in July, 2012. After determination of the insect species (Blackman
& Eastop, 2006), the aphid was reared on Brassica oleracea var. capitata L. seedlings at 23+1°C tem-
perature, 60+5 %RH and a photoperiod of 16: 8 h. (L: D) under laboratory conditions. Cabbage plants
were grown in plastic pots (20 cm depth and 20 cm diameter) in greenhouse. After plants grew enough
and had 4-5 leaves, they were used for experiment. In order to obtain the same aged aphids, a one-day-
old apterous adult aphid was located in a clip cage for reproduction. After 24 h, the adult aphid was
removed and nymphs were reared to adult stage (7-days-old cabbage aphid) (Lashkari et al., 2007), and
transferred to untreated leaf disks (5.5 cm in diameter) on cabbage plants using a soft brush.

Fungal culture and preparation of conidial suspensions

In this study, Lecanicillium longisporum LRC 190, isolated from Macrosiphoniella sanborni Gil-
lette (University of Tehran, Iran), was used. The fungus was cultured on Sabouraud’s dextrose agar
(SDA) in Petri dishes (9 cm in diameter), and incubated for 2 weeks at 25 + 1 °C, under a 16: 8 h (L:
D) photoperiod. Conidia were harvested by scraping the surface of 14-day old culture gently with in-
oculation needle into 20 ml distilled water containing 0.02% Tween®80. After shaking the suspension

for 10 min, the hyphal debris was removed by filtering the mixture through sterile fine mesh Miracloth.

Bioassay and life table procedure

Before bioassays, the viability of fungal conidia was determined by counting the germinated conidia
on SDA after 18 hours of incubation (Goettel & Inglis, 1997). The conidial germination rate was ob-
served and scored. In all tests, more than 95% of the conidia germinated. A suspension of the fungal
conidia was prepared and its concentration was determined using a haemocytometer (Neubauer im-
proved, Superior Marienfeld, Germany). Serial dilutions were prepared in distilled water containing
0.02% Tween®80 and adjusted to five concentrations (1x10%, 1x10% 1x10% 1x10® and 1x107 co-
nidia/ml). Suspensions were preserved at 5°C before bioassays, if needed. Batch of 30 adult aphids
were dipped into each fresh suspension for 7 s. Control adults were treated with distilled water contain-
ing 0.02% Tween®-80. Then, the aphids were transferred on filter paper to drain the excess liquid ac-
cording to the method described by Hall (1984). Control and treated aphids were kept at 23+1°C,
60%+5% RH, and a photoperiod of 16: 8 h (L: D) and the number of dead insects was recorded daily
in all treatments. Bioassays were repeated twice.

Life table experiments were conducted by treating newly emerged first instar nymphs of the cab-

bage aphids with all conidial concentrations of L. longisporum (LRC 190). They were kept under above
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mentioned conditions. Twenty aphids were selected randomly for each treatment. Reproduction and

survival of all aphids were recorded daily until death to construct the proper life tables (Carey, 1993).

Statistical analysis

Bioassay data were subjected to one-way analysis of variance (ANOVA) (P<0.05) after checking
for normality. Means were compared by Tukey’s Studentized Range Test, admitting significant differ-
ences at P<0.05. Mean values are presented with their standard errors (SE). SAS software was used for
all analyses (SAS Institute, 1992).

Longevity and reproduction data were incorporated as fertility life table (Carey, 1993). The precise
value of the intrinsic rate of increase (rm) was obtained by solving the Euler equation (Andrewartha and
Birch, 1954):

y
Z Lymye ™ =1 (D
x=0

In this equation, y is the oldest age class, Lx is the survival of a newborn female to the midpoint of
an age interval, and x is the age of each female at each age interval. In addition to rm, the other main
fertility life table parameters including net reproductive rate (Ro), mean generation time (T), doubling
time (DT) and finite rate of increase (1) were computed using the following formulas, respectively:

Roy= ) Lom, @

7= xlme/ Y Lo, (3)

In(2)
- @
A=e™m 5)
The Jackknife technique was used for ease of statistical comparisons among life table parameters

DT

related to each treatment and for estimating the standard errors (SE) associated with the parameters.
First, the precise value of rm was calculated for all of the raw data (rwta). Then, one of the insects was
omitted and an rm (7;) was computed for the remaining insects (n -1). Based on the equation by Meyer
et al. (1986) the Jackknife pseudo-value (7;) was calculated for this subset of the original data according
to:

R = Nreotar — (n— 17 (6)

This process was repeated until pseudo-values were calculated for all n possible omissions of one
insect from the original data set. The Jackknife estimates for each parameter in different treatments

were subjected to student t-test for pairwise group comparisons (Maia et al., 2014).

Results
Bioassays

The LCso value of L. longisporum (LRC 190) for B. brassicae adults was 1.82x10% conidia/ml 7
days after treatment (Table 1).
Reproduction and longevity

The mean number of offspring per female per day in the concentrations of 1x107 conidia/ml
(1.69+0.06) and 1x108 conidia/ml (1.91+0.08) were significantly higher than the control (1.60+0.04)
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(P < 0.05). The mean reproduction values of aphids at the concentrations of 1x10°, 1x10° and 1x107
conidia/ml were significantly reduced compared to the control (Table 2). The results showed that the
shortest mean longevity of the cabbage aphid was 10.70+1.59 days at 1x107 conidia/ml, compared to
22.65+0.94 days for the control insects (Table 2). However, there were no significant differences be-

tween mean longevity in treatments of 1x10%, 1x10* conidia/ml and control (P > 0.05) (Table 2).

Table 1. Probit analysis of Brevicoryne brassicae adults’ bioassay treated with Lecanicillium long-
isporum LRC 190

LCso . UFL™
Slope + SE Intercept X2 o LFL" (95%)
(conidia/ml) (95%)
0.312+0.097 -1.273 £ 0.139 1.311 1.82x108 2.58x10° 2.52x108

*Lower Fiducial Limit, ** Upper Fiducial Limit

Table 2. Adult Longevity and fecundity of cabbage aphids exposed to different concentrations of
Lecanicillium longisporum LRC 190

Treatments Adult Longevity  No. of offspring per reproducing  Total No. of offspring per reproducing
(conidia/ml) § (days) (female/day) (female)
Control 20  22.65+0.94% 1.60+0.04° 35.70+1.412
1x10° 20  21.90£1.05% 1.52+0.04° 33.10+1.662
1x10* 20  18.35+1.45%® 1.67+0.07%® 29.35+1.24%®
1x10° 20  14.80+1.32® 1.63+0.07%® 22.75+1.72b
1x108 20  12.20+1.48° 1.91+0.082 21.50+1.26°
1x107 20  10.70+1.59° 1.69+0.06%® 16.60+1.11°

Means marked with different letters within the same column are significantly different (student t-test for pairwise

group comparisons).

Life table characteristics

Effects of different concentrations of L. longisporum on life table parameters of B. brassicae are
shown in Table 3. The Ro values in aphids treated with concentrations of 1x104, 1x10°, 1x108 and 1x107
conidia/ml were significantly (P < 0.05) lower than the control insects (Table 3). Inoculation at the
concentration of 1x107 resulted in the lowest Ro value (8.30 females/female/day) compared to the con-
trol (32.130 females/female/day). As the conidial concentration increased, the realized fecundity, sur-
vivorship (Fig. 1) and the net reproductive rate (Ro) decreased. The lowest rm value (0.198 per day) was
observed when 1x107 conidia/ml of the entomopathogenic fungus was used. There were no significant
differences among rm values of the insects exposed to the concentrations of 1x104, 1x10° and 1x10°
conidia/ml or control. The minimal T value (10.718 days) was observed in 1x107 conidia/ml treatment,
which significantly differed from control aphids’ value (13.282 days). There were no significant differ-
ences between the T values of B. brassicae (P > 0.05) in populations exposed to concentrations of
1x108, 1x10* conidia/ml or control. DT of the treated aphids was the longest at the concentration of
1x107 conidia/ml (3.492 days), which was significantly longer than 2.652 days in control (Table 3).
The lowest value for A was observed in 1x107 conidia/ml treatment (1.164 per day). In the present study,
/ declined significantly in the aphids treated with 1x10%, 1x108, 1x107 conidia/ml (Table 3).
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Table 3. Fertility life table parameters (+ SE) of Brevicoryne brassicae treated with different concentrations

of Lecanicillium longisporum LRC 190

Treatments Ro 'm A T DT
(conidia/ml)  (/generation) (/day) (/day) (days) (days)
Control 32.130+0.285%  0.261+0.002*  1.298+0.002®  10.718+0.43°  2.652+0.007¢
1x103 29.790+0.336%  0.255+0.002%  1.291+0.002*  11.232+0.37°¢  2.708+0.009¢
1x10* 23.480+0.401°  0.240+0.001°  1.272+0.001° 11.807+0.30¢  2.876+0.0083°
1x10° 15.925+0.270°  0.234+0.001°°  1.264+0.001°¢  13.113+0.26®  2.953+0.010
1x108 12.900+0.304°  0.228+0.001°¢  1.256+0.001°  13.266+0.19%  3.036x0.011°
1x107 8.300+0.236¢  0.198+0.001¢  0.219+0.001¢  13.282+0.19%  3.492+0.0172

Means marked with different letters within the same column are significantly different (student t-test for pairwise

group comparisons).

Discussion

Our results showed that the entomopathogenic fungus L. longisporum not only imposes considera-
ble mortality to the cabbage aphid at higher doses, but also its sublethal doses result in lower survival
and reproduction in B. brassicae.

The LCso value of L. longisporum LRC 190 was estimated 1.82x10% conidia/ml (2.58x10°-
2.52x108) 7 days after treatment (table 1). Similarly, Asi et al. (2009) reported the LCso value of
1.88x106 conidia/ml for V. lecanii (V17) on the adults of B. brassicae. Moreover, the LCso values of
two isolates of the entomopathogenic fungus, Metarhizium anisopliae DEMI001 and V245 were
1.5%10° and 2.3x10° conidia/ml on the cabbage aphid, respectively (Emami et al., 2016). Furthermore,
an isolate of L. lecanii have been reported to cause 42, 64, 98 and 100% reduction in populations of
mustard aphid, Lipaphis erysimi Kaltenbach, on canola when used at the concentrations of 1x102,
1x10°, 1x107 and 1x10° conidia/ml, respectively (Ujjan & Shahzad, 2012). Studies by Kim et al. (2008;
2010) indicated that Vertalec®, as a commercialized product of L. longisporum, not only controlled the
Aphis gossypi, but simultaneously prevented cucumber powdery mildew, Sphaerotheca fuliginea
(Schltdl.) Braun & Takam on potted cucumber in greenhouse environment.

The mean longevity of B. brassicae adults treated with the entomopathogenic fungus was shortened
as the conidial concentration increased. The longevity of the aphid adults treated with the highest fungal
concentration, 1x107 conidia/ml, was 10.7 days in comparison with 22.65 days in control treatment
(Table 2). Similarly, Ekesi and Maniania (2000) and Zaki (1998) reported that longevity of legume
flower thrips, Megalurothrips sjostedti (Trybom) and cowpea aphid, Aphis crassivora Koch decreased
by increasing the inoculum concentrations of M. anisopliae and B. bassiana, respectively.

On the other hand, our results showed that fungal concentrations from 1x10° conidia/ml to 1x10”
conidia/ml had statistically no different effect on the insect reproduction. In the other words, L. long-
isporum influence aphid longevity more than its reproduction.

Estimation of the population growth parameters revealed that the net reproduction rate (Ro) of the
aphids decreased to 8.7 individuals per generation at the highest concentration of fungal inoculum. But
this value was calculated 32.130 individuals per generation for untreated insects, similar to that obtained
by Zarghami et al. (2010) for the cabbage aphid on oilseed plants. This is in agreement with result of
Ganassi et al. (2010) that L. lecanii significantly reduced the Ro values of Schizaphis graminum Rondani

concentration compared with the control.
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The rm values were not statistically different using 1x104 to 1x10° conidia/ml of fungus concentra-
tions, while they were remarkably different from the rm value of control insects. The same trend was
obtained for Ro and A values (Table 3). These results show that lower (sublethal) concentrations of L.
longisporum affect the aphid population growth. Considering this aspect, Emami et al. (2016) realized
that sublethal concentration (LC3o) of M. anisopliae (DEMI001) had considerable population growth
effects (statistically different rm values) on the cabbage aphid. Seyed Talebi et al. (2012) reported that
sublethal concentrations of Beauveria bassiana significantly reduced the rm value and the net reproduc-
tive rate (Ro) of two-spotted spider mite, Tetranychus urticae Koch.

Our results demonstrated that the fungal infection prolonged the mean generation time of the in-
fected insects. Mean generation times (T) in aphids treated with the concentrations of 1x10° to 1x107
conidia/ml were not statistically different (more than 13 days), while they were remarkably higher than
T values of the control and two lower (1x108 to 1x10* conidia/ml) concentrations (= 11 days). The same
trend was observed for population doubling time (DT) values. Realized fecundity (Ux) curves showed
that exposure to different concentrations of L. longisporum did not slow down the start of reproduction
time, showing the delayed effects of fungal treatment on aphids (Fig. 1). Adverse effects of delay in
reproduction on insect population growth parameters is more than either fecundity or longevity (Cole,
1954). Higher concentrations of L. longisporum (1x108 and 1x107 conidia/ml) may postpone the repro-
duction and therefore are able to control the aphid populations more effectively. Our results were in
agreement with previous studies that showed high infection level of L. longisporum to several aphids
species, such as B. brassicae L., Aphis gossypii Glover (Alavo et al., 2002), Macrosiphum euphorbiae
Thomas (Askary et al., 1998; Fournier and Brodeur, 2000; Kim et al., 2007) and Myzus persicae Sulzer
(Fournier & Brodeur, 2000; Kim et al., 2007).

It was demonstrated that fungal inoculum concentration determines the rate of insect mortality (Liu
et al., 2002; Ansari et al., 2004; Wright et al., 2005). However, insects may receive lower conidial
concentrations, resulting in retardation in development and reduction in reproduction of aphids, because
the fungal hyphae remove nutrients from the host’s blood and disrupt normal insect physiological pro-
cesses (Kim, 2007). Assessment of both lethal and non-lethal influences of L. longisporum on cabbage
aphid offers an exact estimation of this interaction to reduce the overall cost of pest control while
achieving high control efficiency.

Our laboratory studies showed that L. longisporum, not only decreased the longevity of B. brassicae
in some concentrations, but also declined the reproduction and development of infected cabbage aphids.
It can be concluded that L. longisporum LRC 190 is effective on B. brassicae in most concentration,
but we can recommend that the median lethal concentration (1.82x108 conidia/ml) is the preferred con-
centration, as it has both lethal and non-lethal effects on B. brassicae in the laboratory conditions. Fur-
ther research is needed before practical application and recommendation of L. longisporum (LRC 190)
under field conditions. Moreover, compatibility of the fungus with aphid parasitoids and predators
should be illuminated for probable dual use with other control agents of aphids within integrated pest

management programs.
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