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Schistocerca cancellata is a large-sized acridid, which has historically represented the greatest agricultural
problem in southern South America, causing serious economic losses. Since 2015 S. cancellata entered in a
state of outbreak condition of historical proportions, producing frequent and large swarms of up to 25
km? in the north and central region of Argentina and areas of neigh boring Bolivia and Paraguay. At pre-
sent, chemical insecticides are still the only means available for the control of S. cancellata. We analyzed
under laboratory conditions the effectiveness of three fungal strains of Beauveria bassiana isolated from S.
cancellata and also determined the relationship between chitinase, protease, and lipase levels at different
temperatures of these fungi and their insecticidal activities. The pathogenicity assays were carried out by
the sprayed method with concentrations of 1 x 104, 1 x 10° and 1 x 108 conidia/ml. We observed that
isolate LPSc 1227 caused the highest mortality at each dose studied, ranging from 100% at a dose of
1 x 108 conidia/ml to 33.3 # 3.2% at the lowest dose of 1 x 10* conidia/ml. Moreover, in this isolate the
highest values of chitinolytic and proteolytic activity were recorded (2.31+0.31 and 1.78 + 0.04),
respectively.
© 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Among the acridid species of economic importance in Argentina,
the South American locust Schistocerca cancellata (Serville) has his-
torically represented the greatest agricultural problem, causing
serious economic losses (Kohler 1962; Gaston, 1969; Liebermann,
1972). Schistocerca cancellata is a large-sized acridid (3 =28-49 m
m, ¢ =39-66 mm) that has a wide geographic distribution which
covers central and northern Argentina, the whole of Uruguay and
Paraguay, southern Brazil, south-eastern Bolivia, and central and
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northern Chile (De Wysiecki and Lange, 2005). This pest insect is
polyphagous, feeding on a variety of wild and cultivated plants
(COPR, 1982). Since 1954, after an intensive decade of controls
involving 7000 people, airplanes, and more than 12,000 tons of
insecticides, the plague entered into a state of recession
(De Wysiecki and Lange, 2005), reducing its area of infestation,
which had reached almost all of Argentina down to the southern
province of Chubut in Patagonia. After 1954, when the population
of S. cancellata was thought to be in check, upsurges were again
recorded in 1961, 1989, and 2010 (Barrientos-Lozano et al., 2013).
However, these upsurges were minimal when compared to what
is currently under way. Since 2015 S. cancellata entered in a state
of outbreak condition of historical proportions, producing frequent
and large swarms of up to 25 km? in the north and central region of
the country (Medina et al., 2017). At present, chemical insecticides
are still the only means available for the control of S. cancellata, but
their use is of significant environmental concern (Gonzalez et al.,
2010; Alvarez et al., 2013). In Australia and to a lesser extent in
Africa (South Africa, Sudan, some west African countries), two
commercial products, “Green Muscle” and Green Guard®,
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respectively, are used as biocontrol agents of locusts (Lawrence,
2006; Cuddeford, 2007; Moore, 2008). They were both developed
from isolates of the entomopathogenic fungus Metarhizium acridum
(Ascomycota: Hypocreales).

Unlike most other pathogens that need to be ingested, fungi usu-
ally infect insects by active penetration through the cuticle, being
able to initiate invasion of the host independently of its feeding
habits (Vega et al., 2012). Since the insect cuticle is the first barrier
encountered by fungi, they synthesize a wide variety of extracellu-
lar enzymes involved in the degradation of protein, chitin, and
lipids which are the principal components of the insect’s cuticle
(Pedrini et al., 2007; Schrank and Vainstein, 2010). Given the rele-
vance of enzymatic activities for fungal penetration and the impor-
tance of virulent strains for an efficient biological control, we
analyzed under laboratory conditions the effectiveness of three
fungal strains of Beauveria bassiana isolated from S. cancellata col-
lected in Santiago del Estero province in northern Argentina. We
also determined the relationship between chitinase, protease, and
lipase levels of these fungi and their insecticidal activities.

2. Materials and methods
2.1. Collection of insects

Adult males and females of S. cancellata were collected with
sweep nets in prime natural habitat of the species near Telaritos
in La Rioja province, Argentina. The area is part of the Chaquefia
Biogeographic province (Cabrera and Willink, 1973). Samples were
immediately taken to the laboratory where they were kept in
groups in wire-screened cages in a rearing room under controlled
conditions (30 °C; 14:10, L:D photoperiod; 40% relative humidity).
These conditions stimulated the copula and oviposition by females
(Sanchez et al., 1997). Nymphs born from the resulting egg-pods
were used in the pathogenicity bioassays.

2.2. Fungal isolates

Three fungal isolates of B. bassiana obtained from specimens of
S. cancellata found dead in the field were isolated and deposited in
the Spegazzini-Institute-culture-collection with the following
access numbers: LPSc 1225; LPSc 1226; LPSc 1227. The cadavers
were collected near La Banda (27° 44’ 07" S; 64° 14’ 36” W), in San-
tiago del Estero province, Argentina, also within the Chaquefia Bio-
geographic province (Cabrera and Willink, 1973). Morphological
species identification was corroborated by extracting DNA of the
monosporic cultures according to Stenglein and Balatti (2006).
PCRs were carried out in an XP thermal cycler (Bioer Technology
Co, Hangzhou, China) to amplify the ITS rDNA region of B. bassiana
using primer pairs ITS5 (5-GGA AGT AAA AGT CGT AAC AAG G-3)/
ITS4 (5'-TCC TCC GCT TAT TGA TATGC-3') (White et al., 1990). Frag-
ments were sequenced and similarities with previously published
sequence data were examined with BLASTn (Altschul et al., 1990)
in the NCBI web page. The sequences generated in this study were
submitted to GenBank (accession numbers MG012790, MG012791,
and MGO012792) for B. bassiana LPSc 1225, LPSc 1226, and LPSc
1227, respectively.

2.3. Pathogenicity assays

Conidia from different isolates were obtained from cultures on
potato-dextrose-agar medium after incubation for 10 days at 25
°C in the dark. Conidia were harvested with disposable cell scrap-
ers (Fisherbrand™) and placed in test tubes containing 0.01% (v/v)
Tween 80™ (polyoxyethylene sorbitan monolaurate) (Merck). Sus-
pensions were vortexed for 2 min, filtered through four layers of

sterile muslin, and adjusted to 1 x 10%, 1 x 10° and 1 x 10® coni-
dia/ml, after cell counting in a Neubauer haemocytometer. The via-
bility of the conidia from each isolate and the concentrations used
in the tests were determined after 24 h as described by Goettel and
Inglis (1997). This germination test was repeated for each stock
suspension to maintain the constancy of the viability assessments.
In all cases, the average viability of the conidia was over 95%. Three
replicates (on different dates) of 10 third-instar S. cancellata
nymphs each were sprayed with 1 ml of a suspension containing
1 x 10% 1 x 10° and 1 x 108 conidia/ml respectively (in 0.01% [v/
v] Tween 80™) through the use of a 35-ml glass atomizer. Three
additional replicates of 10 grasshoppers each for use as controls
were sprayed in the same fashion, but with 1 ml of 0.01% [v/v]
Tween 80™ only. The locusts were kept in groups of 10 individuals
in 50 x 9-cm acetate tubes with screened ends (Henry, 1985) and
fed with lettuce, cabbage, and wheat bran. Treated and control
locusts were maintained at 30 °C, 60% relative humidity, and a
14:10-h light:dark photoperiod. The cumulative mortality was
recorded daily for 10 days. Mycosis was confirmed by microscopic
examination of dead locusts.

2.4. Production of enzymes at different temperatures

The level of hydrolase activity in each fungal strain tested was
estimated on different agar media supplemented with the follow-
ing specific substrates: Chitin Azure (Sigma, C 3020), Casein, and
Tween 20 (Merck)™, for chitinase, protease, and lipase activity,
respectively. Chitinase activity was determined in a Potato Dex-
trosa Agar media at 0.08% Chitin Azure final concentration, auto-
claved and incubated for two weeks according to Howard et al.
(2003), Casein 0.5% medium was prepared according to Koneman
and Roberts (1987). For lipolytic activity, an agar medium contain-
ing sorbitan monolaurato (Tween 20) as the lipid substrate accord-
ing Hankin and Anagnostakis (1975) was used. A 6-mm agar plug
with mycelium from cultures grown on Malt extract agar (MEA)
was inoculated onto the agar surface of every plate and incubated
at 4+1°C, 1521°C and 26+ 1 °C for 15 days (Kathiresan and
Manivannan 2006; Saparrat et al, 2008; Sabu et al, 2012;
Sudarkodi et al., 2015). Three replicates were carried out for each
temperature studied and enzyme activity. Fungal growth was esti-
mated by measuring colony diameters. The hydrolytic activity was
estimated qualitatively according to the development of a halo
around the fungal colony and was expressed semi quantitatively
as the ratio between the hydrolytic halo and the colony diameter
(Saparrat et al., 2008).

2.5. Statistical analysis

A two-way ANOVA was performed to determine whether the
differences were significant among isolates with respect to each
of the variables studied (chitinolytic, proteolytic, and lipolytic
activity at different temperatures). Thereafter, we used the
Treamed Spearman Karber analysis to estimate LCsq of the isolates
with 95% confidence limits (CL).

3. Results

In assessing the pathogenicity of the three fungal isolates of B.
bassiana on third-instar nymphs of S. cancellata, we observed that
isolate LPSc 1227 caused the highest mortality at each dose stud-
ied, ranging from 100% at a dose of 1 x 10® conidia/ml to 33.3 + 3
.2% at the lowest dose of 1 x 10* conidia/ml (Fig. 1). Moreover, in
this isolate the highest values of chitinolytic and proteolytic activ-
ity at 4 °C were recorded (2.31 £+ 0.31 and 1.78 + 0.04, respectively)
(Table 1). We observed that isolate LPSc 1226 caused lower mortal-
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Fig. 1. Cumulative mortality (%) + SD of third-instar Schistocerca cancellata nymphs within 10 days after inoculation with 1 x 10%; 1 x 10° and 1 x 10® conidia/ml of Beauveria

bassiana (LPSc 1225; LPSc 1226 and LPSc 1227).

Table 1

Results of the lipolytic, proteolytic and chitinolytic activity of Beauveria bassiana LPSc 1225, LPSc 1226 and LPSc 1227, at different temperatures, 4 °C, 15 °C and 26 °C. Data are

means of three replicates * SD.

Isolates (LPSc) Lipolytic Proteolytic Quitinolytic
4°C 15°C 26 °C 4°C 15°C 26 °C 4°C 15°C 26 °C
1225 423+03 1.18 £ 0.02 1.18 £ 0.05 1.27+0.14 1.11 £ 0.04 1.15+0.1 0+0 0+0 1.30+1.2
1226 3.05+0.2 1.15 £ 0.03 1.13£0.04 1.10 £ 0.08 1.05 £ 0.02 1.04+0 0+0 0+0 0.69+0.1
1227 2.78+0.3 0+0 0+0 1.78 £ 0.04 1.27 £0.15 2+0 2.31+0.31 05+0.2 1.01£0
Table 2

Analyses of variance (ANOVA) on lipolytic, proteolytic and chitinolytic activities of isolates at different temperatures with the interactions between these variables.

Lipolytic Proteolytic Quitinolytic

DF F P DF F P DF F P
Isolates 2 41.95 <.0001 2 0.71 5060 2 14.71 .0002
Temperature 2 278.99 <.0001 2 1.52 .2446 2 8.36 .0027
Isolates*Temperature 4 6.71 <.0017 4 0.81 5329 4 7.94 .0007

ity, ranging from 93.3 + 5.9% at a dose of 1 x 10® conidia/ml to 10
+2.3% at the lowest dose of 1 x 10* conidia/ml, and showed lower
values of chitinolytic and proteolytic activity at all temperatures
tested (Table 1). Isolate B. bassiana LPSc 1225 showed the highest
lipolytic activity at all temperatures tested (Table 1). We observed
significant differences in lipolytic activity for each of the studied
variables, isolates, temperature, and interaction between them iso-
lates*temperature (Table 2). Nevertheless, we did not observe sig-
nificant differences for any of the studied variables or the
interaction between them for chitinolytic and proteolytic activity
(Table 2). The relationship between the conidial concentrations
of each fungal isolates and nymphal mortality are depicted using
Treamed Spearman Karber analysis. The LCsy values and confi-

Table 3
LCso values with 95% confidence limits of Beauveria bassiana isolates on third-instar
Schistocerca cancellata nymphs.

Isolates LCso Confidence limits (95%)
LPSc 1225 453 x 10° 9.82 x 10°-2.10 x 10°
LPSc 1226 1.99 x 10° 1.99 x 10°-5.82 x 10°
LPSc 1227 1.71 x 10° 2.31 x 10%-1.27 x 10°

dence limits of different isolates of B. bassiana against S. cancellata
are presented in Table 3. The lowest LCsq value (1.71 x 10° conidia/
ml) was observed in isolate LPSc 1227. Based on the LCsq values,
isolate LPSc 1227 was the most effective against nymphs of S. can-
cellata, followed by isolates LPSc 1225 and LPSc 1226.

4. Discussion

For the first time three strains of B. bassiana were isolated from
field, naturally infected individuals of S. cancellata. Although B.
bassiana is an ubiquitous fungus among grasshoppers and locusts
worldwide (Goettel, 1992), previous detections of fungal species
associated to S. cancellata did not include B. bassiana isolates
(Pelizza et al., 2010). Fungal penetration of the insect cuticle can
be mediated by mechanical processes or enzymatic attack as well
as a combination of both (Vega et al., 2012). Entomopathogenic
fungi such B. bassiana penetrate the cuticle with the aid of a battery
of extracellular cuticle-degrading enzymes including proteases,
chitinases, and lipases (Binod et al., 2007). In entomopathogenic
fungi these hydrolases might be key virulence factors since their
substrata are structural components in the insect cuticle, which
are used as C and N sources for fungal growth, contributing so
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fungal penetration (Pedrini et al., 2007). We observed differences in
the mortality produced by the three B. bassiana isolates on S. cancel-
lata nymphs. This could be related to the ability to overcome the
insect immune response, molecular, and physiological mechanisms
such as excretion of extracellular enzymes (Valero-Jimenez et al.,
2014). We observed that the isolate LPSc 1227 produced the highest
mortality at each of the doses used. This may be related to the
higher values of chitinolytic and proteolytic activity at the different
temperatures studied. Chitinase is the most important enzyme
degrading the chitin polymer of the insect cuticle. Therefore,
virulence of entomopathogenic fungi can be correlated with the
chitinase activity (Dhawan and Joshi, 2017). Our results agree with
those of Khosravi et al. (2015) and Dhawan and Joshi (2017)who
reported that those fungal isolates that produced the highest values
of chitinolytic and proteolytic activity were those that also
produced higher mortality on the rose sawfly, Arge rosae and the
caterpillar Pieres brassicae, respectively. Although our results
appear encouraging from a biocontrol perspective, particularly
those relative to isolate B. bassiana LPSc 1227, they should obvi-
ously be treated as preliminary because they were all obtained
under laboratory conditions. A more complete or realistic assess-
ment of isolate LPSc 1227 would require further work under natural
conditions which is our next envisaged goal.

5. Conclusion

In these work three strains of B. bassiana could be isolated,
which were found naturally infected individuals of S. cancellata.
This is the first finding of this magnitude for Argentina. Although
this is a first step, we think, through the results we have obtained
in this work, that we can be in the presence of an ento-
mopathogenic fungus that is able to biologically control this pest
insect and be an alternative to the chemical control of S. cancellata.
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