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The influence of nine commercial pesticides on conidial germination and mycelial
growth of Isaria fumosorosea (Wize) Brown and Smith, and Lecanicillium
muscarium (Zimmerman) Viegas were evaluated in vitro. The conidial germination
and mycelial growth varied significantly by all tested pesticides depending upon the
dose of pesticide and type of fungus. All pesticides inhibited conidial germination as
well as mycelial growth significantly. Azocyclotin was proved to be highly toxic to
germination of spores as well as mycelial growth followed by pyridaben, acetamiprid
and propargite while buprofezin was the least toxic. I. fumosorosea proved to be
more sensitive (0 - 75 % germination) at field recommended dose than L. muscarium
(11 - 95 % germination) to all pesticides. The insecticides, among above mentioned
pesticides (buprofezin, imidacloprid and diafenthuron), were more compatible to

. fungi than acaricides.
*Corresponding Author:

hamid_uaf@yahoo.com

INTRODUCTION

Whitefly (Bemisia tabaci Genn.) is commonly
encountered polyphagous insect pest of many field and
horticultural crops throughout subtropical and tropical
regions of the world including Pakistan (Amjad et al.,
2009). Especially on cotton, this insect along with two
spotted spider mites (TSSM) (Tetranychus urticae
Koch.) has attained a status of serious cotton pest. The
populations of both are mainly suppressed by the
application of chemical pesticides and also alternatively
by fungal biological control agents (BCAs) (Vidal et
al., 1997; Wraight et al., 2000; Aslam et al., 2004).

It is evident that these fungal BCAs may be affected by
the biotic and abiotic factors of the ambience. In our
agro ecological conditions where farmers mainly rely
on chemical pesticides for pest control, the effect of
these chemicals on fungal BCAs may not be ignored.
The negative effects by the chemical pesticides on the
entomopathogenic fungi have been reported previously
by many other researchers (Wilding and Brobyn, 1980;
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Poprawski and Majchrowicz, 1995; Yeo et al., 2003).
Like all microorganisms, entomopathogenic fungi have
specific biological characteristics that influence their
activity in the environment (Parker et al., 2003). The
strategies have been developed to combine the use of
fungal BCAs and low doses of commercial pesticides
for getting effective control of the target pests. The
combined application of myco-insecticides and
selective synthetic chemical pesticides is an attractive
approache. The fungus and chemical insecticide may
act synergistically allowing the reduction in the amount
of pesticides applied, thus minimizing environmental
contamination hazards and decrease the likelihood of
resistance to either agent (Moino and Alves, 1998;
Quintela and McCoy, 1998).

Maniania et al. (2003) studied the combined application
of M. anisopliaeand methomyl (Lannate™) on adults
and larvae of western flower thrips, Frankliniella
occidentalis and observed the significant reduction of
both stages. Some researchers conducted bioassays on
different crops and found some isolates of
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entomopathogenic fungi to be highly effective against
mites like Isaria fumosorosea and Beauveria bassiana
etc. (Nugroho and Ibrahim, 2004; Draganova and
Simova, 2010).

The successful application of these biological control
agents (BCAs) depends on the extent of their
compatibility with other crop protection tactics
(Copping, 2004).

The combined application technique is especially more
important when utilized in rotation with other control
measures or within an IPM program. Therefore, in the
present study, several commercial insecticides/
acaricides available in the market for the control of
whitefly and mite pests were selected for evaluating
their effects on the conidial germination and mycelial
growth of 1. fumosorosea and L. muscarium in vitro for
efficient utilization of these fungi in an integrated pest
manage- ment program.

MATERIALS AND METHODS

Sources of Fungus and Pesticides

All the pesticides tested (Table 1) were commercial
products, used within the first year of manufacturing
date at the time of test and held at 20+2°C. The
concentrations employed were based on their field
recommendations rate (RR), 0.5 x RR and 0.75 x RR.
The two strains of entomopathogenic fungi which
proved best against whitefly and TSSM used in this
study were, L .muscarium (V17) and I. fumosorosea
(n32). These strains were obtained from college of
Natural Resources and Environment, South China
Agricultural University, Guangzhou, China. The fungal
strains were maintained on Sabouraud dextrose agar
(SDA) in the Acarology laboratory, Department of
Agri. Entomology, University of Agriculture,
Faisalabad, Pakistan at 25°C for two weeks and then
stored at lower temperature (4°C) until required.

Stock Solution Preparation and Effect of Pesticides
on Conidial Germination

The SDA media was autoclaved for 20 minutes at
121°C and poured on to sterilized Petri plates separately
(Alves et al., 1998). After solidification these were
inoculated with fungal spores and then put into
incubator at 25 + 2°C, 80 + 5% R.H and 16:8-h
Light:Dark (L:D) photophase. Spore production was
investigated after 2 weeks of culturing. Conidia from
the plates in each treatment were harvested from 3
week old cultures gently by scraping with a sterile
needle into 100 ml 0.01 % Tween 80 and vortexed for
10 minutes to get homogeneous mixture and filtered
through a fine mesh sieve to remove conidial clumps
and mycelial debris. The concentrations of conidia in
the suspensions were quantified directly under the
optical microscope, with a Neubauer® haemocytometer
and subsequently adjusted to the required concentration
by adding appropriate amount of distilled water.
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Table 1: Pesticides used in bioassay for assessment
of their effects on entomopathogenic fungi

S. Pesticides tested Recommended
No. dose
Brand name Common name g or ml/ acre

1 Confidor® 20SL  Imidacloprid 250

2 Mospilon® 20 SP  Acetamiprid 125

3 Byzin" 25 WP Buprofezin 600

4 Polo® 50 SC Diafenthiuron 200

5 Current” 15EC  Pyridaben 500

6 Agrifol® 18.5 EC Dicofol 1000

7 Unique-M"® 5 SC  Fenpyroximate 200

8 Gallop®25 WP  Azocyclotin 100

9 Somite” 57 EC  Propergite 100

The assays on conidial germination were carried out
using 3 different concentrations of each pesticide viz.
RR (Recommended Rate/acre as mentioned in Table 1),
0.5 x RR and 0.75 x RR with fungal stock solutions
being diluted with water sufficient to make a final
volume of 10 mL per concentration. Conidial
suspensions were prepared in the pesticides solutions
and 100 pL of each sample was used to inoculate each
replicate dish. The lidsof the Petri plates were sealed
with parafilm and placed in incubator at 25°C for 16 hrs
in dark. The conidial suspensions without pesticides
were used as control. Each treatment concentration of
each pesticide for each fungal isolate was replicated
three times. After 16 hours the Petri plates were
examined for scoring germination of spores in each
plate. The germination was assessed by placing cover
slips on to the media inside the plates and were
examined under the microscope at 40 x magnification,
about 300 spores were examined in each plate and
scored. Conidia having germ tubes greater than its
width were considered to be germinated. The resultant
data expressed as percent germination were subject to
ANOVA followed by comparison of means using
Tukey’ HSD test (o = 0.05). The analysis was carried
out by using SPSS® version 16.0 computer software.
Effect of Pesticides on Mycelial Growth

The influence of pesticides on mycelial growth was
evaluated at 3 different application rates for each
pesticide as mentioned previously. Each pesticide
concentration was mixed into SDA medium post
autoclaving, while the medium was still liquid and hot
(45-50°C) and ~ 20 mL of the mixture was poured into
each 90 mm Petri dish and allowed to cool and solidify
for 24 hrs. A 5 mm disc of mycelium plugs of each
fungus isolate, cut aseptically from the growth of 1
week old colony with a sharp cork borer, were placed in
the centre of each of three replicate plates per pesticide
per concentration. The plates without pesticide were
taken as control. The plates were incubated at 25+2°C.
The diameter of the developing fungal colony was
measured after 10 days of incubation at 10x
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magnification using callipers. Radial growth in
millimetres was used as the main parameter to assess
the effects of pesticides on growth and effects of
concentration of pesticide on radial growth.The
ANOVA was carried out on growth measurements
followed by comparison of means of total growth over
10 days using Tukey’s HSD test (¢ = 0.05). The
analysis was carried out by using SPSS® version 16.0
computer software.

RESULTS

Effects on conidial germination

All the variables tested i.e. pesticides, test concentration
and fungal species had a significant influence on the
germination of conidia (Table 2). Both fungal species
showed different sensitivity to the pesticides tested
especially I. fumosorosea at the different concentrations
used. Except the effects of imidacloprid and buprofezin
insecticides on L. muscarium, which were non-
significant with controls at each dose level, all other
pesticides at their recommended doses showed negative
effects on conidial germination of both the fungi under
study. I. fumosorosea showed more sensitivity to all
pesticides with 0.0 % germination also to one acaricide
(100 % germination inhibition).

All pesticides affected conidial germination of both
fungal species to varying degrees. Germination rates of
conidia varied significantly among the pesticides at
50% dilution of recommended rate (0.5 X RR) for both
L.muscarium and I. fumosorosea (F =492.80, df=9,20,
P<0.001 andF 1510.88, df = 9,20, P<0.001,
respectively) (Table 2). At 75% of the recommended
dose there were also significant differences among
pesticides for causing germination inhibition. At the
recommended level of pesticides (RR) again there were
significant differences among pesticides for retarding
germination of both L. muscariumand I. fumosorosea (F
= 1503.63, df = 9,20, P<0.001 and F = 1542.86, df =
9,20, P<0.001, respectively). Except acetamiprid there
were no significant differences among insecticides
tested viz., imidacloprid, buprofezin and diafenthuron
for retarding germination of both entomopathogenic
fungi at RR dose level. For all other pesticides a single
level of increase in pesticide concentration caused a
significant reduction in the germination of both fungal
species. Among all pesticides, azocyclotin caused 0.00
% germination of conidia of I fumosorosea while
11.33-31.33 % in case of L. muscarium at all the tested
doses. Among the tested insecticides, acetamiprid also
exerted effects and caused germination of [
fumosorosea and L. muscarium varying from 10.33-
32.66% and 81.0-82.0 %, respectively at tested
concentrations. Generally, on overall basis, all
acaricides caused germination of conidia from 11.33-
70.66 % (~30-90% inhibition) in case of L. muscarium
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and 0.00-61.66 % (~40-100% inhibition) in case of I

fumosorosea.

Effects on mycelial growth

The radial growth studies showed that all pesticides
caused significant reduction in mycelial growth to
varying levels depending upon pesticides used, their
concentrations and fungus as well. The growth of both
fungi showed significant differences in pesticides at 0.5
x RR dose viz., L. muscarium (F = 27.51, df = 9,20,
P<0.001) and I. fumosorosea (F = 127.06, df = 9, 20,
P<0.001) and at 0.75 x RR (F = 38.25, df = 9, 20,
P<0.001 and F = 174.58, df = 9,20, P<0.001,
respectively) (Table 3). Similarly at RR level there is a
mixed pattern of mycelial growth between insecticides
and acaricides. At every level of increase among the
concentration of pesticides used it caused a significant
reduction in the growth of both fungi for most of the
pesticides especially for acaricides. Except acetamiprid
which was safer to /. fumosorosea, all other insecticides
showed the same trend for both the fungi. Among all
pesticides tested buprofezin was the safest showing
mycelial growth 21.80-23.70mm over ten days in case
of L. muscarium which is statistically at par with
control while 18.40-19.23 mm in case of . fumosorosea
at different tested levels which is also very close to the
control (21.56-25.20 mm) while azocyclotin was highly
growth retarding showing mycelial growth between
11.23-16.30 mm and 4.60-11.81 mm for L. muscarium
and . fumosorosea, respectively.

DISCUSSION

Both entomopathogenic fungi showed almost similar
pattern in terms of germination of conidia and mycelial
growth but I. fumosorosea proved to be more sensitive
to some pesticides than L. muscarium. Surprisingly the
conidia of L. muscarium were not much affected when
combined with insecticides and somewhat tolerated the
poison effects. All the acaricides put their individual
effects and caused less germination of conidia from
50% dilution to recommended rates of application.
Some pesticides like azocyclotin proved to be highly
detrimental to fungi causing (11-31 % conidia
germination) (~30-90% inhibition) in case of L.
muscarium while no germination at all even at 50 %
dilution of 1. fumosorosea. These results are in line with
Asi et al. (2010) who reported that some new chemistry
insecticides can be compatible with entomopathogenic
fungi for pest control. Rachappa et al. (2007) also found
similar results with chlorpyrifos and showed that it
could cause extremely detrimental effects to various
developmental stages of Metarhizium. Similarly, Li and
Holdom (1994) demonstrated toxic effects of
chlorpyrifos on growth and spores of Metarhizium
anisopliae while in another study Spinosad was found
to be potential and  comparatively  safer
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Table 2: Average conidial germination (Mean % = SEM) of L. muscarium and 1. fumosorosea fungal isolates
used with different concentrations of pesticides after 16 hrs at 25° C

L. muscarium

Pesticide concentration

1 fumosorosea

Pesticide concentration

Pesticides 0.5 xRR 0.75 x RR RR* 0.5 x RR 0.75 x RR RR
Imidacloprid 95.66+0.88fg  95.66+0.33g  95.33+1.20ef 96.00+£0.56h  85.33+0.88h 75.66+0.66f
?cilz;miprid 81.00+£1.00e  81.0+0.57¢  82.00+0.57d  32.66+0.66¢c 22.33+1.20c 10.33+0.88b
123?1§rzfezin 95.66+0.88fg  95.33+0.66fg 95.66+0.88ef  83.66+0.88f 75.00+0.57g  74.66+01.45f
]2)Sia\fZEthuron 92.66+0.66f  91.66+0.88f  92.66+0.66e  91.66+0.88g 85.33+1.76h 73.33+1.76f
f’(})lr?(;ben 54.00+0.57b  41.0+0.57c¢  27.33+0.88b  27.66+1.20b  10.33+0.88b 11.00+0.57b
]l)siclf)(f:ol 61.66+0.33c  55.33+0.88d  47.66+0.88c  60.33+0.88¢  48.66+0.88f  48.66+0.66¢
ll:z;lspsr((iximate 59.66+0.33¢  36.33£0.66b  12.00+1.15a 61.66+1.20e 42.33+1.20e  39.66+0.33d
ZS(?cyclotin 31.33422.40a  21.66+0.88a  11.33+1.20a  0.00+0.00a  0.00+0.00a 0.00+0.00a
%’fo\;lr)gite 70.66+0.66d  56.33+1.20d  50.66+0.88c  42.00+1.15d 28.66+0.88d  28.33+0.33c
15:171r]1?g(1:15 1(;nly 98.66+0.66g  99.66+0.33h  99.33+0.66f 99.33+0.33h  99.66+0.331  100.00+0.00g
(Contro

*Recommended rate. All the means within a column followed by the same letter are not significantly different by
Tukey’s HSD Test.

Table 3: Average radial growth (Mean growth in mm = SEM) of L. muscarium and I. fumosorosea plugs when
used in pesticide poisoned media at different concentrations after 10 days at 25°C.

L. muscarium

Pesticide concentration

1. fumosorosea

Pesticide concentration

Pesticides 0.5 x RR 0.75 x RR RR* 0.5 xRR 0.75 x RR RR ,
Imidacloprid ~ 22.64+0.85de 20.16+0.53bcd  17.3740.72d  16.23+£0.61de  15.26+0.34cd  12.66+0.34c
ioczlz;miprid 14.23£0.66a  11.70+0,20a  11.53£0.96a  17.40+0.25¢f  16.83+0.17de  15.50+0.37d
123?1§rzfezin 23.70+0.47de  23.10+0.68de  21.80+1.20e  19.23+0.46fg  18.50+0.32¢f  18.40+0.20e
]2)5ia\fzgthuron 20.66+0.71cd  21.06+0.90cd  17.90+0.40d  14.30+£0.32cd  13.73+0.32¢  13.3340.40c
f’(})lr?dcaben 16.73+£0.35ab  17.00+0.20b  15.10+.55bed  11.70+0.32b 9.30+£0.50ab  5.73+0.32ab
]l)siclf)(f:ol 20.83+0.82cd  19.06+1.23bc  13.43+0.39abc  8.76+0.47a 7.53+0.46a  5.26+0.20ab
llfzfpsr(;ximat 22.65+0.80de 20.19+0.46bcd 16.82+0.49cd  20.66+0.70g 18.80+0.43f  11.60+0.51c
Zioscgclotin 16.30+0.62ab  13.10+0.52a  11.23+0.67a  11.81+0.33b 9.96+0.34b 4.60+0.35a
%’fo\;lr)gite 18.16+0.53bc  17.81+0.44bc  12.80+0.64ab 13.53+0.38bc  10.76+0.34b  6.86+0.51b
15:171r11€g(1:1s only 24.80+0.71e  24.80+0.71e  25.10+0.15¢  25.20+0.21h  22.10+0.25g  21.56+0.43f
(Control)

*Recommended rate. All the means within a column followed by the same letter are not significantly different by
Tukey’s HSD Test.

25



Effects of commercial pesticides against cotton whitefly

compound for fungi (Rachappa et al., 2007). There is
inhibitory potential which varies both within and
between chemical classes (Inglis et al., 2001). This
shows that there may be inherent variability of chemical
pesticide to entomopathogenic fungi.

The germination of conidia is the most important factor
which should be considered while we are studying
compatibility  tests of any chemicals with
entomopathogenic fungi (Neves et al., 2001; Hirose et
al., 2001). According to our results the germination of
conidia was more sensitive than mycelial growth of
both the fungi. Oliveira et al. (2003) observed that out
of many chemicals studied only 5 insecticides at field
recommended doses promoted conidia viability higher
than 60 % and showed that they could be employed in
IPM program. Irigaray et al. (2003) conducted an
experiment for the combined use of triflumuron and
fungus and observed that mortality in mite eggs was
increased significantly. Similarly, Cuthbertson et al.
(2005) studied the combined effect of some insecticides
and V. lecanii and found that all insecticides showed
more or less effects on germination of conidia and
mycelia growth except buprofezin which was
acceptable and can be utilized in any IPM program.

The germination of conidia is more affected than
mycelia growth with pesticides and lower concentration
of pesticides may be employed for desirable results (Er
and Gokce, 2004). Certain pesticides have potential to
inhibit germination of entomopathogenic fungi in vitro
but appear to have little or no effect on their virulence
against target insects (Shah et al., 2009).

In our studies, it is evident that all the insecticides
proved to be more compatible with both the
entomopathogenic fungi and these could successfully
be employed in the IPM program for the control of
different pests. As such new chemicals were used in
this study so previous record could not be encountered
to compare with the results in a precise manner. The
results of some chemicals like imidacloprid and
buprofezin are similar to those of Cuthbertson et al.
(2005). The results presented here are only laboratory
experiments so there need to do some field or
glasshouse experiments for further authentication of
compatibility.

Acknowledgements

These studies were supported by Higher Education
Commission, Islamabad, Pakistan through financial
help in the form of indigenous PhD Scholarship.

REFERENCES

Alves SB, A Moino Jr. and JEM Almeida, 1998.
Produtos fitossanitarios e entomopatogenos.
In: S.B. Alves (ed.), Controle microbiano de
insectos. Piracicaba, FEALQ, pp: 217-238.

26

Amjad M, MH Bashir, M Afzal and MA Khan, 2009.
Efficacy of some insecticides against whitefly
(Bemisia tabaci Genn.) infesting cotton under
field conditions. Pakistan Journal of Life and
Social Sciences, 7: 140-143

Aslam M, M Razaq, SA Shah and F Ahmad, 2004.
Comparative efficacy of different insecticides
against sucking pests of cotton. Journal of
Research (Science), 15: 53-58.

Asi MR, MH Bashir, M Afzal, M Ashfaq and ST Sahi,
2010. Compatibility of entomopathogenic
fungi Metarhizium anisopilae and
Paecilomyces fumosoroseus with selective
insecticides. Pakistan Journal of Botany, 42:
4207-4214.

Copping LG, 2004. Manual of Biocontrol Agents: a
world compendium (Formerly the Biopesticide
Manual) 3rd ed., British Crop Production
Council (BCPC). Farnham, Surrey, U.K. pp
752.

Cuthbertson AGS, KFA Walters and C Deppe, 2005.
Compatibility of the entomopathogenic fungus
Lecanicillium muscarium and insecticides for
eradication of sweetpotato whitefly, Bemisia
tabaci. Mycopathologia, 160: 35-41.

Draganova SA and SA Simova, 2010. Susceptibility of
Tetranychus urticae Koch. (Acari:
Tetranychidae) to isolates of entomopatho-
genic fungus Beauveria bassiana. Pesticide
and Phytomedicine (Belgrade), 25: 51-57.

Er MK and A Gokce, 2004. Effects of selected
pesticides used against glasshouse tomato
pests on colony growth and conidial
germination of Paecilomyces fumosoroseus.
Journal of Biological Control, 3: 398-404.

Hirose E, PMOJ Neves, JAC Zequi, LH Martins, CH
Peralta and A Moino Jr., 2001. Effect of
biofertilizers and Neem o0il on the
entomopathogenic fungi Beauveria bassiana
(Bals.)Vuill. and Metarhizium anisopliae
(Metsch) Sorok. Brazilian Archives of Biology
and Technology, 44: 419- 423.

Inglis GD, MS Goettel and H Strasser, 2001. Use of
hyphomycetous fungi for managing insect
pests. In: T.M. Butt, C. Jackson and N. Magan
(eds.), Fungi as biocontrol agents progress,
problems and potential. Wallingford, UK:
CABI publishing. PP: 23-70.

Irigaray FJS, V Marco-Mancebon and I Perez-Moreno,
2003. The  entomopathogenic  fungus
Beauveria bassiana and its compatibility with
triflumuron: effects on the two spotted spider
mite, Tetranychus urticae. Biological Control,
26: 168-173.

Li DP and DG Holdom, 1994. Effects of pesticides on
growth and sporulation of Metarhizium ani-



Amjad et al

sopliae  (Deuteromycotina: Hyphomycets).
Journal of Invertebrate Pathology, 63: 209-
211.

Maniania NK, S Ekesi, B Lohr and F Mwangi, 2003.
Prospects for biological control of western
flower thrips, Frankliniella occidentalis, with
the entomopathogenic fungus, Metarhizium
anisopliae, on chrysanthemum.
Mycopathologia, 155: 229-235.

Moino Jr A and SB Alves, 1998. Efeito de Imidacloprid
e fipronil sobre, Beauveria bassiana (Bals.)
Vuill. E. Metarhizium anisopliae (Metsch.)
Sorok. E no comportamento de limpeza de

Heterotermes tenuis (Hagem). Anais da
Sociedade Entomologica do Brasil, 27: 611-
619.

Neves PMOJ, E Hirose, PT Techujo and A Moino Jr.,
2001. A compatibility of entomopathogenic
fungi with neonicotenoid insecticides.
Neotropical Entomology, 30:263-268.

Nugroho I and Y Ibrahim, 2004. Laboratory bioassay of
some entomopathogenic fungi against broad

mite (Polyphagotarsonemus latus Bank).
International Journal Agriculture and Biology,
6:223-225.

Oliveira CN, PMOJ Neves and LS Kawazoe, 2003.
Compatibility between the entomopathogenic
fungus Beauveria bassiana and insecticides
used in coffee plantations. Scientia agricola,
60: 663-667.

Parker BL, M Skinner, SD Costa, S Gouli, W Ried and
M El-Boushina, 2003. Entomopathogenic
fungi of Eurygaster integriceps Puton
(Hemiptera: Scutelleridae): collection and
characterization for development. Biological
Control, 27: 260-272.

Poprawski TJ and I Majchrowicz, 1995. Effects of
herbicides on in vitro vegetative growth and
sporulation of entomopathogenic fungi. Crop
Protection, 14: 81-87.

27

Quintela ED and CW McCoy, 1998. Synergistic effect
of imidacloprid and two entomopathogenic
fungi on the behaviour and survival of larvae
of  Diaprepe  sabbreviatus  (Coleoptera:
Curculionidae) in soil. Journal of Economic
Entomology, 91: 110-122.

Rachappa V, S Lingappa and RK Patil, 2007. Effect of
agrochemicals on growth and sporulation of
Metarhizium anisopliae (Metschnikoff)
Sorokin. Karnataka Journal of Agricultural
Science, 20: 410-413.

Shah FA, MA Ansari, J] Watkins, Z Phelps, J Cross and
TM Butt, 2009. Influence of commercial
fungicides on the germination, growth and
virulence of four species of entomopathogenic
fungi. Biocontrol Science and Technology, 19:
743-753.

Vidal C, LA Lacey and J Fargues, 1997. Pathogenicity
of Paecilomyces fumosoroseus
(Deuteromycotina: Hyphomycetes) against
Bemisia argentifolii (Homoptera: Aleyrodidae)
with a description of bioassay method. Journal
of Economic Entomology, 90: 765-772.

Wilding N and PJ Brobyn, 1980. Effect of fungicides
on development of Entomophthora aphidis.
Transactions of British Mycological Society,
75:297-302.

Wraight SP, RI Carruthers, ST Jaronski, CA Brandley,
CJ] Garza and S Galani-Wraight, 2000.
Evaluation of the entomopathogenic fungi
Beauveria  bassiana  and  Paecilomyces
fumosoroseus for the microbial control of
silverleaf whitefly, Bemisia argentifolii.
Biological Control, 17: 203-217.

Yeo H, JK Pell, PG Anderson, SJ Clark and BJ Pye,
2003. Laboratory evaluation of temperature
effects on the germination and growth of
entomopathogenic  fungi and on their
pathogenicity to two aphid species. Pest
Management Science, 59: 156-165.




 Effects of commercial pesticides against cotton whitefly

 Amjad et al 



		  Pak. j.  life soc. Sci. (2012), 10(1): 22-27

		E-ISSN: 2221-7630; P-ISSN: 1727-4915



		[image: image1.jpg]





		Pakistan Journal of Life and Social Sciences

www.pjlss.edu.pk 





Effects of Commercial Pesticides against Cotton Whitefly (Bemisia tabaci Genn.) and Mites (Tetranychus urticae Koch) on Growth and Conidial Germination of two species of Entomopathogenic Fungi

Muhammad Amjad1, Muhammad Hamid Bashir1,*, Muhammad Afzal2, Muhammad Altaf Sabri1 and Nazir Javed3

1Department of Agri. Entomology, University of Agriculture, Faisalabad, Pakistan


2University College of Agriculture, University of Sargodha, Sargodha, Pakistan


3Department of Plant Pathology, University of Agriculture, Faisalabad, Pakistan

		ARTICLE INFO

		

		ABSTRACT



		Received: 


Accepted: Online: 

		Oct 25, 2011 

June 03, 2012

June 08, 2012

		

		The influence of nine commercial pesticides on conidial germination and mycelial growth of Isaria fumosorosea (Wize) Brown and Smith, and Lecanicillium muscarium (Zimmerman) Viegas were evaluated in vitro. The conidial germination and mycelial growth varied significantly by all tested pesticides depending upon the dose of pesticide and type of fungus. All pesticides inhibited conidial germination as well as mycelial growth significantly. Azocyclotin was proved to be highly toxic to germination of spores as well as mycelial growth followed by pyridaben, acetamiprid and propargite while buprofezin was the least toxic. I. fumosorosea proved to be more sensitive (0 - 75 % germination) at field recommended dose than L. muscarium (11 - 95 % germination) to all pesticides. The insecticides, among above mentioned pesticides (buprofezin, imidacloprid and diafenthuron), were more compatible to fungi than acaricides.



		Keywords


Compatibility

Entomopathogenic fungi

Fungal biocontrol agents

Isaria fumosorosea,

Lecanicillium muscarium

Pesticides

		

		



		*Corresponding Author: 


hamid_uaf@yahoo.com



		

		





INTRODUCTION

Whitefly (Bemisia tabaci Genn.) is commonly encountered polyphagous insect pest of many field and horticultural crops throughout subtropical and tropical regions of the world including Pakistan (Amjad et al., 2009). Especially on cotton, this insect along with two spotted spider mites (TSSM) (Tetranychus urticae Koch.) has attained a status of serious cotton pest. The populations of both are mainly suppressed by the application of chemical pesticides and also alternatively by fungal biological control agents (BCAs) (Vidal et al., 1997; Wraight et al., 2000; Aslam et al., 2004).


It is evident that these fungal BCAs may be affected by the biotic and abiotic factors of the ambience. In our agro ecological conditions where farmers mainly rely on chemical pesticides for pest control, the effect of these chemicals on fungal BCAs may not be ignored. The negative effects by the chemical pesticides on the entomopathogenic fungi have been reported previously by many other researchers (Wilding and Brobyn, 1980; Poprawski and Majchrowicz, 1995; Yeo et al., 2003). Like all microorganisms, entomopathogenic fungi have specific biological characteristics that influence their activity in the environment (Parker et al., 2003). The strategies have been developed to combine the use of fungal BCAs and low doses of commercial pesticides for getting effective control of the target pests. The combined application of myco-insecticides and selective synthetic chemical pesticides is an attractive approache. The fungus and chemical insecticide may act synergistically allowing the reduction in the amount of pesticides applied, thus minimizing environmental contamination hazards and decrease the likelihood of resistance to either agent (Moino and Alves, 1998; Quintela and McCoy, 1998).

Maniania et al. (2003) studied the combined application of M. anisopliaeand methomyl (Lannate®) on adults and larvae of western flower thrips, Frankliniella occidentalis and observed the significant reduction of both stages. Some researchers conducted bioassays on different crops and found some isolates of entomopathogenic fungi to be highly effective against mites like Isaria fumosorosea and Beauveria bassiana etc. (Nugroho and Ibrahim, 2004; Draganova and Simova, 2010).

The successful application of these biological control agents (BCAs) depends on the extent of their compatibility with other crop protection tactics (Copping, 2004).

The combined application technique is especially more important when utilized in rotation with other control measures or within an IPM program. Therefore, in the present study, several commercial insecticides/ acaricides available in the market for the control of whitefly and mite pests were selected for evaluating their effects on the conidial germination and mycelial growth of I. fumosorosea and L. muscarium in vitro for efficient utilization of these fungi in an integrated pest manage- ment program.

MATERIALS AND METHODS 

Sources of Fungus and Pesticides


All the pesticides tested (Table 1) were commercial products, used within the first year of manufacturing date at the time of test and held at 20±2°C. The concentrations employed were based on their field recommendations rate (RR), 0.5 × RR and 0.75 × RR. The two strains of entomopathogenic fungi which proved best against whitefly and TSSM used in this study were, L .muscarium (V17) and I. fumosorosea (n32). These strains were obtained from college of Natural Resources and Environment, South China Agricultural University, Guangzhou, China. The fungal strains were maintained on Sabouraud dextrose agar (SDA) in the Acarology laboratory, Department of Agri. Entomology, University of Agriculture, Faisalabad, Pakistan at 25°C for two weeks and then stored at lower temperature (4°C) until required.

Stock Solution Preparation and Effect of Pesticides on Conidial Germination

The SDA media was autoclaved for 20 minutes at 121ºC and poured on to sterilized Petri plates separately (Alves et al., 1998). After solidification these were inoculated with fungal spores and then put into incubator at 25 ± 2ºC, 80 ± 5% R.H and 16:8-h Light:Dark (L:D) photophase. Spore production was investigated after 2 weeks of culturing. Conidia from the plates in each treatment were harvested from 3 week old cultures gently by scraping with a sterile needle into 100 ml 0.01 % Tween 80 and vortexed for 10 minutes to get homogeneous mixture and filtered through a fine mesh sieve to remove conidial clumps and mycelial debris. The concentrations of conidia in the suspensions were quantified directly under the optical microscope, with a Neubauer® haemocytometer and subsequently adjusted to the required concentration by adding appropriate amount of distilled water.


Table 1: Pesticides used in bioassay for assessment of their effects on entomopathogenic fungi


		S. No.

		Pesticides tested

		Recommended dose



		

		Brand name

		Common name

		g or ml/ acre



		1

		Confidor® 20SL

		Imidacloprid

		250



		2

		Mospilon® 20 SP

		Acetamiprid

		125



		3

		Byzin® 25 WP

		Buprofezin

		600



		4

		Polo® 50 SC

		Diafenthiuron

		200



		5

		Current® 15 EC

		Pyridaben

		500



		6

		Agrifol® 18.5 EC

		Dicofol

		1000



		7

		Unique-M® 5 SC

		Fenpyroximate

		200



		8

		Gallop® 25 WP

		Azocyclotin

		100



		9

		Somite® 57 EC

		Propergite

		100





The assays on conidial germination were carried out using 3 different concentrations of each pesticide viz. RR (Recommended Rate/acre as mentioned in Table 1), 0.5 × RR and 0.75 × RR with fungal stock solutions being diluted with water sufficient to make a final volume of 10 mL per concentration. Conidial suspensions were prepared in the pesticides solutions and 100 µL of each sample was used to inoculate each replicate dish. The lidsof the Petri plates were sealed with parafilm and placed in incubator at 25°C for 16 hrs in dark. The conidial suspensions without pesticides were used as control. Each treatment concentration of each pesticide for each fungal isolate was replicated three times. After 16 hours the Petri plates were examined for scoring germination of spores in each plate. The germination was assessed by placing cover slips on to the media inside the plates and were examined under the microscope at 40 × magnification, about 300 spores were examined in each plate and scored. Conidia having germ tubes greater than its width were considered to be germinated. The resultant data expressed as percent germination were subject to ANOVA followed by comparison of means using Tukey’ HSD test (α = 0.05). The analysis was carried out by using SPSS® version 16.0 computer software.


Effect of Pesticides on Mycelial Growth


The influence of pesticides on mycelial growth was evaluated at 3 different application rates for each pesticide as mentioned previously. Each pesticide concentration was mixed into SDA medium post autoclaving, while the medium was still liquid and hot (45-50°C) and ~ 20 mL of the mixture was poured into each 90 mm Petri dish and allowed to cool and solidify for 24 hrs. A 5 mm disc of mycelium plugs of each fungus isolate, cut aseptically from the growth of 1 week old colony with a sharp cork borer, were placed in the centre of each of three replicate plates per pesticide per concentration. The plates without pesticide were taken as control. The plates were incubated at 25±2°C. The diameter of the developing fungal colony was measured after 10 days of incubation at 10× magnification using callipers. Radial growth in millimetres was used as the main parameter to assess the effects of pesticides on growth and effects of concentration of pesticide on radial growth.The ANOVA was carried out on growth measurements followed by comparison of means of total growth over 10 days using Tukey’s HSD test (α = 0.05). The analysis was carried out by using SPSS® version 16.0 computer software.

RESULTS 


Effects on conidial germination


All the variables tested i.e. pesticides, test concentration and fungal species had a significant influence on the germination of conidia (Table 2). Both fungal species showed different sensitivity to the pesticides tested especially I. fumosorosea at the different concentrations used. Except the effects of imidacloprid and buprofezin insecticides on L. muscarium, which were non-significant with controls at each dose level, all other pesticides at their recommended doses showed negative effects on conidial germination of both the fungi under study. I. fumosorosea showed more sensitivity to all pesticides with 0.0 % germination also to one acaricide (100 % germination inhibition). 


All pesticides affected conidial germination of both fungal species to varying degrees. Germination rates of conidia varied significantly among the pesticides at 50% dilution of recommended rate (0.5 × RR) for both L.muscarium and I. fumosorosea (F = 492.80, df = 9,20,  P˂0.001 andF = 1510.88, df = 9,20,  P˂0.001, respectively) (Table 2). At 75% of the recommended dose there were also significant differences among pesticides for causing germination inhibition. At the recommended level of pesticides (RR) again there were significant differences among pesticides for retarding germination of both L. muscariumand I. fumosorosea (F = 1503.63, df = 9,20, P˂0.001 and F = 1542.86, df = 9,20,  P˂0.001, respectively). Except acetamiprid there were no significant differences among insecticides tested viz., imidacloprid, buprofezin and diafenthuron for retarding germination of both entomopathogenic fungi at RR dose level. For all other pesticides a single level of increase in pesticide concentration caused a significant reduction in the germination of both fungal species. Among all pesticides, azocyclotin caused 0.00 % germination of conidia of I. fumosorosea while 11.33-31.33 % in case of L. muscarium at all the tested doses. Among the tested insecticides, acetamiprid also exerted effects and caused germination of I. fumosorosea and L. muscarium varying from 10.33-32.66% and 81.0-82.0 %, respectively at tested concentrations. Generally, on overall basis, all acaricides caused germination of conidia from 11.33-70.66 % (~30-90% inhibition) in case of L. muscarium and 0.00-61.66 % (~40-100% inhibition) in case of I. fumosorosea.


Effects on mycelial growth


The radial growth studies showed that all pesticides caused significant reduction in mycelial growth to varying levels depending upon pesticides used, their concentrations and fungus as well. The growth of both fungi showed significant differences in pesticides at 0.5 × RR dose viz., L. muscarium (F = 27.51, df = 9,20,  P˂0.001) and I. fumosorosea (F = 127.06, df = 9, 20,  P˂0.001) and at 0.75 × RR (F = 38.25, df = 9, 20,  P˂0.001 and F = 174.58, df = 9,20,  P˂0.001, respectively) (Table 3). Similarly at RR level there is a mixed pattern of mycelial growth between insecticides and acaricides. At every level of increase among the concentration of pesticides used it caused a significant reduction in the growth of both fungi for most of the pesticides especially for acaricides. Except acetamiprid which was safer to I. fumosorosea, all other insecticides showed the same trend for both the fungi. Among all pesticides tested buprofezin was the safest showing mycelial growth 21.80-23.70mm over ten days in case of L. muscarium which is statistically at par with control while 18.40-19.23 mm in case of I. fumosorosea at different tested levels which is also very close to the control (21.56-25.20 mm) while azocyclotin was highly growth retarding showing mycelial growth between 11.23-16.30 mm and 4.60-11.81 mm for L. muscarium and I. fumosorosea, respectively.


DISCUSSION

Both entomopathogenic fungi showed almost similar pattern in terms of germination of conidia and mycelial growth but I. fumosorosea proved to be more sensitive to some pesticides than L. muscarium. Surprisingly the conidia of L. muscarium were not much affected when combined with insecticides and somewhat tolerated the poison effects. All the acaricides put their individual effects and caused less germination of conidia from 50% dilution to recommended rates of application. Some pesticides like azocyclotin proved to be highly detrimental to fungi causing (11-31 % conidia germination) (~30-90% inhibition) in case of L. muscarium while no germination at all even at 50 % dilution of I. fumosorosea. These results are in line with Asi et al. (2010) who reported that some new chemistry insecticides can be compatible with entomopathogenic fungi for pest control. Rachappa et al. (2007) also found similar results with chlorpyrifos and showed that it could cause extremely detrimental effects to various developmental stages of Metarhizium. Similarly, Li and Holdom (1994) demonstrated toxic effects of chlorpyrifos on growth and spores of Metarhizium anisopliae while in another study Spinosad was found to be potential and comparatively safer


Table 2: Average conidial germination (Mean % ± SEM) of L. muscarium and I. fumosorosea fungal isolates used with different concentrations of pesticides after 16 hrs at 25° C

		

		L. muscarium

		

		I. fumosorosea



		

		Pesticide concentration

		

		Pesticide concentration



		Pesticides

		0.5 × RR

		0.75 × RR

		RR*

		0.5 × RR

		0.75 × RR

		RR



		Imidacloprid 20 SL

		95.66±0.88fg

		95.66±0.33g

		95.33±1.20ef

		96.00±0.56h

		85.33±0.88h

		75.66±0.66f



		Acetamiprid 


20 SP

		81.00±1.00e

		81.0±0.57e

		82.00±0.57d

		32.66±0.66c

		22.33±1.20c

		10.33±0.88b



		Buprofezin 


25 WP

		95.66±0.88fg

		95.33±0.66fg

		95.66±0.88ef

		83.66±0.88f

		75.00±0.57g

		74.66±01.45f



		Diafenthuron 50 SC

		92.66±0.66f

		91.66±0.88f

		92.66±0.66e

		91.66±0.88g

		85.33±1.76h

		73.33±1.76f



		Pyridaben


15 EC

		54.00±0.57b

		41.0±0.57c

		27.33±0.88b

		27.66±1.20b

		10.33±0.88b

		11.00±0.57b



		Dicofol


18.5 EC

		61.66±0.33c

		55.33±0.88d

		47.66±0.88c

		60.33±0.88e

		48.66±0.88f

		48.66±0.66e



		Fenpyroximate 5 SC

		59.66±0.33c

		36.33±0.66b

		12.00±1.15a

		61.66±1.20e

		42.33±1.20e

		39.66±0.33d



		Azocyclotin 


25 WP

		31.33±2.40a

		21.66±0.88a

		11.33±1.20a

		0.00±0.00a

		0.00±0.00a

		0.00±0.00a



		Propergite


57 EC

		70.66±0.66d

		56.33±1.20d

		50.66±0.88c

		42.00±1.15d

		28.66±0.88d

		28.33±0.33c



		Fungus only 


(Control)

		98.66±0.66g

		99.66±0.33h

		99.33±0.66f

		99.33±0.33h

		99.66±0.33i

		100.00±0.00g





*Recommended rate.  All the means within a column followed by the same letter are not significantly different by Tukey’s HSD Test.

Table 3: Average radial growth (Mean growth in mm ± SEM) of L. muscarium and I. fumosorosea plugs when used in pesticide poisoned media at different concentrations after 10 days at 25°C.


		

		L. muscarium

		

		I. fumosorosea



		

		Pesticide concentration

		

		Pesticide concentration



		Pesticides

		0.5 × RR

		0.75 × RR

		RR*

		0.5 × RR

		0.75 × RR

		RR



		 Imidacloprid 20 SL

		22.64±0.85de

		20.16±0.53bcd

		17.37±0.72d

		16.23±0.61de

		15.26±0.34cd

		12.66±0.34c



		Acetamiprid 20 SP

		14.23±0.66a

		11.70±0,20a

		11.53±0.96a

		17.40±0.25ef

		16.83±0.17de

		15.50±0.37d



		Buprofezin 


25 WP

		23.70±0.47de

		23.10±0.68de

		21.80±1.20e

		19.23±0.46fg

		18.50±0.32ef

		18.40±0.20e



		Diafenthuron 50 SC

		20.66±0.71cd

		21.06±0.90cd

		17.90±0.40d

		14.30±0.32cd

		13.73±0.32c

		13.33±0.40c



		Pyridaben


15 EC

		16.73±0.35ab

		17.00±0.20b

		15.10±.55bcd

		11.70±0.32b

		9.30±0.50ab

		5.73±0.32ab



		Dicofol


18.5 EC

		20.83±0.82cd

		19.06±1.23bc

		13.43±0.39abc

		8.76±0.47a

		7.53±0.46a

		5.26±0.20ab



		Fenpyroximate 5 SC

		22.65±0.80de

		20.19±0.46bcd

		16.82±0.49cd

		20.66±0.70g

		18.80±0.43f

		11.60±0.51c



		Azocyclotin 


25 WP

		16.30±0.62ab

		13.10±0.52a

		11.23±0.67a

		11.81±0.33b

		9.96±0.34b

		4.60±0.35a



		Propergite


57 EC

		18.16±0.53bc

		17.81±0.44bc

		12.80±0.64ab

		13.53±0.38bc

		10.76±0.34b

		6.86±0.51b



		Fungus only 


(Control)

		24.80±0.71e

		24.80±0.71e

		25.10±0.15e

		25.20±0.21h

		22.10±0.25g

		21.56±0.43f





*Recommended rate.  All the means within a column followed by the same letter are not significantly different by Tukey’s HSD Test.

compound for fungi (Rachappa et al., 2007). There is inhibitory potential which varies both within and between chemical classes (Inglis et al., 2001). This shows that there may be inherent variability of chemical pesticide to entomopathogenic fungi. 


The germination of conidia is the most important factor which should be considered while we are studying compatibility tests of any chemicals with entomopathogenic fungi (Neves et al., 2001; Hirose et al., 2001). According to our results the germination of conidia was more sensitive than mycelial growth of both the fungi. Oliveira et al. (2003) observed that out of many chemicals studied only 5 insecticides at field recommended doses promoted conidia viability higher than 60 % and showed that they could be employed in IPM program. Irigaray et al. (2003) conducted an experiment for the combined use of triflumuron and fungus and observed that mortality in mite eggs was increased significantly. Similarly, Cuthbertson et al. (2005) studied the combined effect of some insecticides and V. lecanii and found that all insecticides showed more or less effects on germination of conidia and mycelia growth except buprofezin which was acceptable and can be utilized in any IPM program.


The germination of conidia is more affected than mycelia growth with pesticides and lower concentration of pesticides may be employed for desirable results (Er and Gokce, 2004). Certain pesticides have potential to inhibit germination of entomopathogenic fungi in vitro but appear to have little or no effect on their virulence against target insects (Shah et al., 2009). 


In our studies, it is evident that all the insecticides proved to be more compatible with both the entomopathogenic fungi and these could successfully be employed in the IPM program for the control of different pests. As such new chemicals were used in this study so previous record could not be encountered to compare with the results in a precise manner. The results of some chemicals like imidacloprid and buprofezin are similar to those of Cuthbertson et al. (2005). The results presented here are only laboratory experiments so there need to do some field or glasshouse experiments for further authentication of compatibility.
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