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ABSTRACT

An isolate of the fungal biocontrol agent Paecilomyces fumosoroseus (Wise) Brown and Smith was bioassayed
to determine its efficacy against Dociostaurus maroccanus (Thunberg, 1815). Trials were conducted under
optimal laboratory conditions. Males locust were dipped individually in fungal suspension at five different
concentrations of P. fumosoroseus isolate P83 ranging from 1x10* to 1x10® conidia/ml. Experiments were
carried out in triplicates. The treated locusts became infected and mortality increased significantly with
increasing concentrations. The 5 days post- inoculation mortality was estimated to 49.5 + 3.92 %, 51.83 + 5.41
%, 69.41 £ 2.90 %, 94.66 £ 2.72 % and 100£0.00 % at 1x10% 1x103, 1x 10%1x 107and 1x10® conidia/ml,
respectively. The LCso was 3.93 x 10*  conidia/ml while the LCo and LCo9 were 7.24 x 10°and 4.31 x 108,
respectively. The estimated lethal concentration and the median lethal time values decreased when the conidial
concentration increased.

Results of the present study revealed that the insecticidal effect of P. fumosoroseus isolate P83 to D.
maroccanus males could be a promising area of investigation for biological control.
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INTRODUCTION

The Moroccan locust, Dociostaurus maroccanus (Thunberg, 1815), is considered as one of the most
dangerous agricultural pests. In its gregarious phase the locust has periodically caused significant yield losses in
several Mediterranean and Asian countries [1, 2]. The current method for locust control is based on applying
synthetic insecticides, a situation that is unlikely to change during outbreak years [3, 4]. Nevertheless, concerns
about pesticide tolerance, environmental contamination and human safety have enabled researchers to look for
alternative methods of control [5]. Such methods include the use of entomopathogenic fungi considered as host
specific and one of possible candidates for eco-friendly pest control instead of chemical control agents [6,7,8,9].
More than 700 species of fungi belonging to 90 genera were isolated from various insect species [7,10]. At
least, 12 species or subspecies of fungi have been used as active ingredients for mycoinsecticides including
Paecilomyces fumosoroseus [11]. Of the 31 species of Paecilomyces spp., 14 species are known pathogens of
arthropods. [ 17,18], P. fumosoroseus has been isolated from most regions of the world and has been reported
to infect several insects, over 40 species, belonging to many different orders, but is not reported from locust
[12,13,14,15]. This fungus can target all stages in the life cycle of insects [16] and is one of the most common
fungal pathogens found causing rapid infection and death of Whitefly [12,19,20,21] , and has become a
commercial product to control especially whitesflies, thrips, spider mites and aphids in greenhouses and
interiorscapes [22,23]. Most studies of P. fumosoroseus focus on whiteflies.  Therefore, in this study we
conducted tests at various conidial concentrations of P. fumosoroseus isolate P83 to assess the insecticidal
potential , evaluate the virulence (median lethal concentration, i.e. LCso), estimate the LCoy and determine the
lethal time (TLso, LToo) of the fungal isolate against adult males of D. maroccanus under laboratory condition
for possible use as a biological control agent.

MATERIALS AND METHODS
Dociostaurus maroccanus
D. maroccanus, obtained from the laboratory culture at the University of Mascara (Algeria), were reared under
a 12 h light : 12 h dark photoperiod in a controlled temperature room at 26°C, 60-70 % relative humidity. Each
cage made of wooden frames and metallic mesh (30 cm x 30 cm x 30 cm) was equipped with a 75 W light bulb
that were mounted in the middle of the upper wall of the cages. Locusts were provided with wheat bran,
distilled water, and fresh lettuce. Moroccan locust males, aged between 10-14 days were used in the experiment.
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Preparation of conidial spore suspensions

The fungal isolate P. fumosoroseus P83 obtained from soil of agricultural fields was cultured at 25 + 1 °C
on Potatos Dextractos Agar (PDA) in constant light for 15 days. This fungus requires light for optimal
production of aerial conidia [24].

Conidia were harvested by adding 100 ml of sterile distilled water supplemented with 0.03% Tween-80.
The conidial suspension was vortexed for 10 min and then filtered through layers of sterilized cheese cloth.
Conidial concentrations were measured using a hemacytometer. From the stock conidia suspensions the
following concentrations were prepared: 1 x 10%, 1 x 10°, 1 x 10%,1 x 107and 1 x 10® conidia/ml. The control
consisted of sterile water containing 0.03% Tween80. Viability of the isolate P83 conidia was tested by
spraying 0.1 ml of conidia suspension containing 10° conidia ml"! onto PDA. An examination of these cultures
after 24 h in an incubator at 25°C showed that 86.33+1.45 % of the conidia was viable.

Inoculation of locust

Each D. maroccanus male was dipped in 20 ml of fungal suspension at the different concentrations [25].
Adults were left in the suspension for 20 s and then left to air dry for 1 min. After inoculation, locusts were
transferred into 30 cm x30 cm x 30 cm wooden-framed cages with 10 individuals per cage at a controlled
temperature of 26° C, and a relative humidity between 60 and 70%. The experiment was replicated on three
different occasions, each time with 10 adult for each concentration. Controls were treated with sterile water
containing 0.03% Tween-80.

Recording mortalities

Mortality was assessed each day for 5 days. All insects, both dead and alive, were examined at the end of
the experiment to assess the overall levels of infection. Only the dead insects were used to assess the production
of pathogen spores. Locusts were removed from cages, placed singly in Petri dishes containing 2 sheets of
Whatman filter paper saturated with distilled water to provide humidity, and then incubated at 25°C for 2 days
to encourage fungal growth [26]. Locusts were considered to be mycosed if mycelia protruded through the
cuticle after death and subsequently formed distinctive condition.

Analysis of data

Data were analyzed by 1-way ANOVA- test. The mortality rate of the locusts exposed to test was corrected
using Abbott’s formula. Statistical significance of differences in mortality was examined using the Chi-square
test (%?). The level of significance was P < 0.05. The effect of increasing concentrations of the fungal isolate on
the mortality of locust was estimated using the dose effect analysis tool of XLSTAT. The Probit regression was
use to calculate the lethal concentrations (LCso, LCo, LCo9) and the lethal time (LTso, LToo), including their
confidence limits, at the various concentrations.

RESULTS

Fungal isolate was pathogenic to adults D. maroccanus and increasing fungal concentrations resulted in
mortality rise (Table 1). All of the locust adults treated with the pathogens became infected. Fungal growth
was observed on cadavers treated with P. fumosoroseus P83 within 5 days post inoculation. Sites of infection
occurred on the membranes between head capsule and thorax, on intersegmental membranes and areas under
the elytra (Fig. 1). Furthermore, we showed that mortality increased with increasing concentrations. The 5 days
post- inoculation mortality was found to be 49.5 + 3.92 %, 51.83 + 5.41 %, 69.41 =2.90 %, 94.66 + 2.72 % and
100+0.00 % at 1x10%, 1x10°, 1x 10°1x 107and 1x10® conidia/ml, respectively. The LCso value was 3.93 x 10*
conidia/ml while the LCoo and LCyy values were 7.24 x 10°%and 4.31 x 10% , respectively (Table 2). We gave
evidence that when fungal concentrations increased, the LTso and the LT o9 of the D. maroccanus population
decreased, indicating a faster killing speed by P. fumosoroseus P-83. At the highest concentration (1 x108
conidia/ml), LT 5o and LTy were 2.87 days and 4.27 days, respectively. On the other hand, at the lowest (1.0
x10* conidia/ml) they were 24.47 days and 36.39 days, respectively. According to the Chi square statistic test,
for each fungal concentration, the values of lethal time were significantly different (P < 0.05) (Table 3).

Table 1. Mortality percentage (means + SE) of D. maroccanus treated with P. fumosoroseus P83 at various
concentrations 5 days post-inoculation.

Concentration Mortality (%) Ve df P
conidia/ml

1.0 x108 100 £+ 0.00 1.03 2 0.60
1.0 x107 94.66 +2.72 0.73 2 0.69
1.x10° 69.41 +£2.90 1.06 2 0.59
1.0 x10° 51.83 £5.41 1.73 2 0.28
1.0 x10* 49.5+3.92 4.04 2 0.13
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For each treatment, the mortality rate was no significantly different (P < 0.05).

Fig 1. Cadaver of D. maroccanus infected by P. fumosoroseus P83, 5 days after treatment.

Table 2. Probit analysis and lethal concentration (LC) (conidia/ml) values of dose-mortality response assays 5
days post-inoculation of D. maroccanus

Lc* 95% CL”
LCso 3.93 x 104 0,65 x10*to 1,17 x 10°
LCoo 7.24 x 10° 2,15x10% to 6,47 x 107
LCo 431x108 5,18 x 107 to 3.55 x 10'°
® (df) 38.13 (1)
P <0,0001
Slope + SE 0.60 +0.11

2 Probit analysis was used to calculate the lethal concentration.
®The criteria for significance was the failure of the 95% confidence limits (CL).
¢ LC values and there upper or lower confidence limits (conidia/ml) are significantly different at P < 0.05.

Table 3. Median lethal time (LTso, LToo) of D. maroccanus treated with P. fumosoroseus P83 at
various concentrations.

concentration LTso LToo 7P P
conidia/ml (days) and 95% CL (days) and 95% CL?

1.0 x108 2,87 (2,51 -3,18) 4,27 (3,90 - 4,82) 208,09 <0,0001
1.0 x107 5,52 (5,07 -5,93) 8,01 (7,50 - 8,71) 195,78 <0,0001
1.0 x10° 16,27 (15,26 - 17,26) 25,47 (24,28 - 27,08) 219,41 <0,0001
1.0 x10° 18,10 (18,85 - 19,60) 26,79 (25,01 - 29,24) 115,51 <0,0001
1.0 x10° 2447 (22,7 -27,07) 36,39 (32,45 -43.21) 32325 <0,0001

Probit analys was used to calculate the LTso and LTo.
* The criteria for significance was the failure of the 95% confidence limits.
b Chi-square test statistic (x*) indicates a satisfactory goodness-of-fit.

¢ LT values followed by different upper or lower case letters within a column are significantly different (P <
0.05).

In this study, D. maroccanus adults were susceptible to isolate P. fumosoroseus P83 and appeared to be
highly virulent and kill faster at the highest concentration. Mortality increased with increasing concentrations,
all adults died after exposure to 1x10® conidia/ml within 5 days post-inoculation.
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DISCUSSION

The present study reveals the efficiency of P. fumosoroseus isolate against D. marocanus at various spore
concentrations. The highest mortality was 100 % at the end of 5 days with 1x10% conidia/ml. Our results are
consistent with those of several other previously published papers. Under optimal conditions, the death of an
insect usually takes between 3 and 5 days from the time of application [7]. Similar effects have been shown for
insect pests by research under laboratory conditions. Pathogenicity of P. fumosoroseus against Culex
quinquefasciatus and Tetranychus urticae showed respectively 97.73% and 79.16% mortality, 8 days after
treatment with 1x10® conidia/ml[27,36]. It has been found that the mortality rate of diamondback moth Plutella
xylostella and Eutetranychus orientalis induced by this pathogen was 76.2% 6 days after inoculation and 72 %
on the 9th day post-treatment [15, 37]. In small-scale field trials, multiple applications of P. fumosoroseus at 4-7
days intervals provided more than 90% mortality of late-instar whiteflies [28]. It was also observed that an
isolate P. fumosoroseus FG340 caused 100% mortality of Spodoptera exigua larvae 6 days after treatment at a
low concentration 1 x 10* conidia/ml [9].

Presumably, susceptibility of most insects to entomopathogens is related to spore dosage. The speed of kill
is influenced by the number of infection propagules in contact with cuticle [ 34]. In the current study, the lethal
concentration (LCso) and median lethal time for the D. maroccanus adult males were 3.93 x 10* conidia/ml and
2, 87 days at the highest concentration (1 x10® conidia/ml), respectively. Panyasiri et al. (2007) [29] found that
P. fumosoroseus isolate FWA3 was highly virulent against thrips and whiteflies species. The LCso were 9.51 x
10? and 9.41 x 10* for Ceratothripoides claratris and Bemisia tabaci, respectively. According to [37], the LT50
value was 4.31 days against adult females of 7. wrticae tracted with a commercial preparation of P.
fumosoroseus (Priority) at a concentration of 2.0 x 10° conidia/ml. Regarding our results, the isolate P83 seems
to be more effective. Virulence variations depend, among others, on the diversity of pathogenic isolates and
type of tested insects. Fungal isolates can highly differ in their efficacy to specific targets, such intraspecific
variability for pathogen efficacy has been previously reported by other authors [30, 31, 12]. The virulence of
fungal entomopathogens involves four steps: adhesion, germination, differentiation and penetration. Each step
is influenced by a range of integrated intrinsic and external factors, which ultimately determine the
pathogenicity. Fungi can infect insects via several pathways including the gut (ingestion), through the spiracles,
and through direct penetration of the integument. The pathogenicity is primarily mediated by entry through the
external integument. Mycelial penetration through the integument favored by conidia which have evolved both
physical and enzymatic mechanisms. The hydrophobic nature of the epicuticle is generally considered a good
substratum for adhesion of fungal spores [38]. Conidia attach to the cuticle, germinate and penetrate the cuticle,
this can occur between 24 to 48 h under ideal conditions [28]. Once in the hemocoel, the mycelium grows and
spreads throughout the host, forming hyphae and producing blastospores [32]. Host death often occurs due to a
combination of fungal toxins, physical obstruction of blood circulation, nutrient depletion and organ invasion.
The main characteristic playing an important role in the virulence of entomopathogenic fungi is the production
of enzymes necessary for the penetration of the arthropod cuticle. The extracellular proteases enzymes are
considered the most important to penetrate the cuticle allowing the toxic compounds to invade the host’s
haemolymph. Moisture is a key factor for high and rapid killing of insects by entomopathogenic fungi, and
further development on cadavers [32,33,35]. The current work reveals the insecticidal effect of P.
fumosoroseus isolate P83 on the D. maroccanus males, due to the high mortality of locust, this pathogen could
be a promising area of investigation for biological control. However, efficacy and the effects of environmental
factors, temperature and humidity, should also be tested in field experiments for its effective usage as an
alternative to chemicals.

ACKNOWLEDGMENTS

We thank M. Louissi A. for assistance with statistical analyze and M. Benarba B. for comments that greatly
improved the manuscript. We would also like to show our gratitude to the members of the zoological laboratory
of the University of Mascara for their technical support.

REFERENCES

1. Baldacchino, F., A. Sciarretta , R. Addante, 2012. Evaluating the spatial distribution of Dociostaurus
maroccanus egg pods using different sampling designs. Bulletin of Insectology .,65 (2): 223-231.

2. Benfekih, L., B.Chara, and B. Doumandji-Mitiche, 2002. Influence of anthropogenic impact on the
habitats and swarming risks of Dociostaurus maroccanus and Locusta migratoria [Orthoptera, Acrididae) in
the algerian Sahara and the semiarid zone. J. Orthoptera Res., 11: 243-250.

3. Tounou, A.K., C. Kooyman, O.K.Douro-Kpindou, H.M. Poehling, 2008. Interaction between Paranosema
locustae and Metarhizium anisopliae var. acridum, two pathogens of the desert locust, Schistocerca gregaria
under laboratory conditions. J. Invertebr. Patho ., 97:203-210.

97



J. Appl. Environ. Biol. Sci., 6(7)94-99, 2016

4. Lomer C., and J. Langewald, 2001. What is the place of biological control in acridid integrated pest
management. J. Orthoptera Res., 10(2): 335-341.

5. Butt, TM., C.W. Jackson, and N. Magan, 2001. Fungal Biological Control Agents — Appraisal and
Recommendations. In: Fungi as Biocontrol Agents. (eds T.M. Butt, C. Jackson and N. Magan) pp.377-384.
CABI publishing. Wallingford, U K.

6. Hee Han,J. B. Rae Jin,J. Jun Kim,andS. Yeob Lee, 2014. Virulence of Entomopathogenic
Fungi Metarhizium anisopliae and Paecilomyces fumosoroseus for the Microbial Control of Spodoptera
exigua. Mycobiology., 42(4): 385-390.

7. Inglis, G.D., M.S. Goettel, T.M. Butt, and H.Strasser, 2001. Use of hyphomycetous fungi for managing
insect pests. In: Fungi as biocontrol agents. (eds T.M. Butt, C. Jackson and N. Magan) pp: 23-69. CABI
Publishing. Wallingford, U K.

8. Carpenter, S., P. S. Mellor, and S. J. Torr, 2008. Control techniques for Culicoides biting midges and their
application in the UK and northwestern Palaearctic. Med Vet Entomol ., 22: 175-187.

9. Ji Hee, H, R.J. Byung, J. Km Jeong,and Y. L. Sang, 2014.Virulence of Entomopathogenic Fungi
Metarhizium anisopliae and Paecilomyces fumosoroseus for the Microbial Control of Spodoptera exigua.
Mycobiology, 42(4):385-390.

10.Roberts, D.W. and R.A. Humber, 1981. Entomogenous fungi,. In: Biology of conidial fungi (eds Cole GT
and Kendrick B) pp: 201-236. Academic Press, New York,

11. De Faria, M.R. and S.P. Wraight, 2007. Mycoinsecticides and mycoacaricides, a comprehensive list with
worldwide coverage and international classification of formulation types. Biol. Control., 43: 237-256.

12.Vidal, C., L.A. Lacey, and J. Fargues, 1997. Pathogenicity of Paecilomyces fumosoroseus
(Deuteromycotina, Hyphomycetes) against Bemisia argentifolii (Homoptera, Aleyrodidae) with a
description of a biossay method. J. Econ. Entomol., 90: 765-772.

13.  Pell, J. K, and J. D. Vandenberg, 2002. Interactions among the aphid Diuraphis noxia, the
entomopathogenic fungus Paecilomyces fumosoroseus and the coccinellid Hippodamia convergens.
Biocontrol. Sci Techn, 12: 217-224.

14.Pineda, S., R.Alatorre, M.I. Schneider, and A.M.Martinez, 2007. Pathogenicity of Two Entomopathogenic
Fungi on Trialeurodes vaporariorum and Field Evaluation of a Paecilomyces fumosoroseus Isolate.
Southwest. Entomol.., 32(1): 43-52.

15. HongMin, W., H. Zhang, Hao, C. Wang Shu, G. Zhang Xian, H. 2009. Infection and pathogenicity
of Paecilomyces fumosoroseus on Plutella xylostella. Chin. J. Eco Agric., 17(4): 704-708.

16. Gauthier, N., C. Dalleau, C.J. Fargues, and M.C. Bon, 2007. Microsatellite variability in the
entomopathogenic fungus Paecilomyces fumosoroseus, genetic diversity and population structure.
Mycologia., 99(5):693-704.

17.Lacey, L.A., J.J. Fransen, and R. Carruthers, 1996. Global distribution of naturally occurring fungi of
Bemisia, their biologies and use as biological control agents. In: Bemisia, Taxonomy, Biology, Damage, and
Management (eds D.Gerling,and R. Mayer.) pp: 401- 433. Andover, UK.

18.Humber, R.A., 1992. Collection of Entomopathogenic Fungal cultures. catalog of strains. U.S. Department
of Agriculture, Agricultural research Service, ARS-100.

19. Altre, J.A., Vandenberg, J.D. and F.A. Cantone, 1999. Pathogenicity of Paecilomyces fumosoroseus isolates
to diamondback moth, Plutella xylostella, correlation with spore size, germination speed, and attachment to
cuticle. J. Invertebr Pathol., 73(3): 332-338.

20. Wraight, S.P., R.I. Carruthers, C.A. Bradley, S.T. Jaronski, L.A. Lacey, P. Wood. and S. Galainiwraight,
1998. Pathogenicity of the entomopathogenic fungi Paecilomyces spp. and Beauveria bassiana against the
silverleaf whitefly, Bemisia argentifolii. J. Invertebr. Patho., 71: 217-226.

21.Gokee, A. and M. Kubilay, 2005. Pathogenicity of Paecilomyces spp. to the Glasshouse Whitefly,
Trialeurodes vaporariorum, with Some Observations on the Fungal Infection Process. Turk. J. Agric., 29:
331-339.

22.0PP (Office of Pesticide Programs). 1998. Paecilomyces fumosoroseus Apopka Strain 97
(115002).Technical Document, Environmental Protection Agency, 1200 Pennsylvania Avenue, NW
Washington D.C.

23.Wraight, S.P., M.A Jackson, and S.L. Kock, 2001. Production, stabilization and formulation of fungal
biocontrol agents,. In: Fungi as Biocontrol Agents, Progress, Problems and Potentiel (eds T. Butt, C.
Jackson, and N. Magan) pp :253-287.CABI publishing ,Wallingford, U K.

24, Sakamoto, M., Y.Inoue, and J.Aoki, 1985. Effect of light on the conidiation of Paecilomyces fumosoroseus.
T. Mycol. Soc. JPN., 26:499-509.

25.Butt, T.M. and M.S. Goettel, 2000. Bioassays of entomogenous fungy. In: Bioassays of entomopathogenic
Microbes and Nematodes (eds Navon, A. and Ascher, K.R.S.) pp: 141-195. CAB international, Wallingford,
UK.

98



Harizia, 2016

26.Goettel, M. S. and Inglis, G. D.1997. Fungi, Hyphomycetes. In: Manual of Techniques in Insect Pathology
(eds L. Lacey) pp: 213-249. Academic press, London,

27.Gayathri, G., C. Balasubramanian, P.Vinayaga Moorthi, and T. Kubendran, 2010. Larvicidal potential of
Beauveria bassiana (Balsamo) Vuillemin and Paecilomyces fumosoroseus (Wize,) Brown and Smith on
Culex quinquefasciatus (Say). J.Biopest., 3; 147-151.

28.Wraight, S.P., R.I Carruthers,. S.T. Jaronski, C.A. Bradley, C.J. Garza. and S. Galaini-Wraight, 2000.
Evaluation of the entomopathogenic fungi Beauveria bassiana and Paecilomycesfumosoroseus for microbial
control of the silverleaf whitefly, Bemisia argentifolii. Biol Control., 17: 203 -217.

29.Panyasiri, C., Attathom, T. and Poehling, H.M. 2007. Pathogenicity of entomopathogenic fungi-Potential
candidates to control insect pests on tomato under protected cultivation in Thailand. J. Plant Dis. Prot., 114:
278-287.

30. Ferron, P., Fargues, J. and G. Riba, 1991. Fungi as microbial insecticides against pests. In: Handbook of
Applied Mycology (eds Arora, D.K., Ajello, L. and Mukerji, K.G.) pp: 665-706. New York.

31.Zimmermann,G. 2008. The entomopathogenic fungi Isaria farinose (formerly Paecilomyces farinosus) and
the Isaria fumosoroseaspecies complex (formerly Paecilomyces fumosoroseus), biology, ecology and use in
biological control. Biocontrol Sci. Technol., 18: 865-901.

32.El Damir, M., 2006. Variation in germination, virulence and conidial production of single spore isolates of
entomopathogenic fungi in response to environmental heterogeneity. J Biol Sci., 6: 305-315.

33.Lazzarini, G.M.J., Rocha, L.F.N. and C. Luz, 2006. Impact of moisture on in vitro germination of
Metarhizium anisopliae and Beauveria bassiana and their activity in Triatoma infestans. Mycol. Res., 110:
458-492.

34.Moorthi., V., P. C. Balasubramanian, P. B. Avery, S.Selvarani, T. Kubendran, T. Rathinakumar, 2014.
Pathogenicity and proteome production of Isaria fumosorosea (=Paecilomyces Fumosoroseus) (WISE)
isolates against lemon butterfly, Papilio demoleus (Papilionidae: lepidoptera). Afr. J. Biotechnol.,13(43) :
4176-4182.

35.Shahid., A., A. A. Qayyum Rao, A. Bakhsh and T. Husnain, 2012. Entomopathogenic fungi as biological
controllers: new insights into their virulence and pathogenicity. Arch. Biol. Sci., 64 (1) : 21-42.

36.Amjad M., M.H. Bashir, M.Afzal, M.A. Sabri, N. Javed 2012. Synergistic effect of some entomopathogenic
fungi and synthetic pesticides, against two spotted spider mite, Tetranychus urticae Koch (Acari:
Tetranychidae). Pak. J. Zool., 44 : 977-984.

37.EL-SHARABASY H.M. 2015. Laboratory Evaluation of the Effect of the Entomopathogenic Fungi,
Hirsutella thompsonii and Paecilomyces fumosoroseus, against the Citrus Brown Mite, Eutetranychus
orientalis (Acari: Tetranychidae). Plant Protect. Sci., 51(1) : 39-45.

38.0rtiz-Urquiz., A., Nemat, A., O. Keyhani, 2013. Action on the Surface: Entomopathogenic Fungi versus
the Insect Cuticle. Insects. , 4 : 357-374

99



