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Occurrence of entomopathogenic fungi in soil of Santiago
and Fogo islands (Republic of Cape Verde)
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Abstract: Occurrence of entomopathogenic fungi
in soil of Santiago and Fogo islands (Republic of
Cape Verde). The soil is a habitat for many en-
tomopathogenic fungi (EPF) all over the world.
The Galleria bait method has been chosen to
isolate the EPF from soil samples. The common
occurrence of EPF in agricultural land was con-
firmed by these studies, which concluded, that
the soil of Cape Verde is a habitat for EPF, such
as Beauveria bassiana and Metarhizium aniso-
pliae. The presence of B. bassiana was recorded
in the cultivable land of the island of Fogo, while
M. anisopliae occurred in the soil of Fogo as well
as Santiago. There were no records of EPF in
woodlands. Statistically, more soil samples con-
taining B. bassiana were derived from perennial
crops. The amount of sand in the soil determined
the presence of the fungus. On the other hand,
M. anisopliae was present on less inclined
grounds. Fusarium spp. was present in half of the
examined soil samples. The isolation of native
EPF and their subsequent application in develop-
ing countries may significantly contribute to re-
duce pest populations in agriculture effectively.
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INTRODUCTION

The advantages of using biological meth-
ods to control crop pests were largely
discussed and documented in different
countries (Cock et al. 2009, Hussein
et al. 2010). In the last few years there
has been an increasing interest in native

biological control agents. In Europe, in
the first decade of the twenty-first cen-
tury seven exotic species used in biologi-
cal control were successfully replaced
by native species. In this period, a total
of 18 native species compared with six
exotic ones were commercialized. The
situation was different in the African
continent, where from a total of 26 spe-
cies commercialized as natural enemies,
25 were originate from material collect-
ed and initially bred in other continents
(Cock et al. 2009).

The designing an effective biologi-
cal control in developing countries with
tropical and subtropical climates is a pri-
ority. In the regions, where government
programmes (e.g. Programme of the
Government of Cape Verde 2011-2016,
2010) predictagrowth inagricultural out-
put, an effective plant protection should
be provided. What is more, the abuse of
synthetic pesticides has been declared as
being one of the environmental problems
in these countries (Programme strategy
of Cape Verde 2009-2012, 2010).

The Cape Verde Islands are of volcan-
ic origin. The climate of this sub-sahe-
lian archipel is dry and semidry (de Faria
1970). The intensive rainfall between
August and October is responsible for
erosion, especially of steeply declined
regions (between 25 and 45%).
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The islands of Santiago and Fogo
both provide the climatic and ecological
conditions for the development of agri-
culture.

The agriculture of irrigated grounds is
showing a growing tendency, each year
increasing the areas where drop by drop
irrigation is used instead of the still dom-
inating traditional flooding irrigation.
The most popular on irrigated grounds
are orchards (Musa spp., Mangifera spp.,
citruses) and vineyards (Vitis sp.)

Dryland farming, with its main crops
being corn and legumes such as Caja-
nus cajan, still occupy 95% of all arable
grounds of Cape Verde (National Adap-
tation Programme of Action on Climate
Change 2008-2012, 2007).

Worldwide research indicates the ef-
fectiveness of microorganisms in the
pest control, in case of permanent tropi-
cal crops, such as citruses, bananas, co-
conut palms, mango, guava, papaya and
pineapple (Dolinski and Lacey 2007).

The significance of entomopathogen-
ic fungi (EPF) was mainly documented
as a key element of an integral defence
of plants against pests. There are 1,200
described species of EPF. 12-15 of these
species are used throughout the world in
pest control (Kowalska and Pruszynski
2007), in the form of around 120 regis-
tered biopesticides (Tkaczuk 2008).

Boczek and Lipa (1978) pointed out,
that entomopathogenic representatives
of Ascomycetes occur mostly in tropical
and subtropical regions.

It has been proven, that the place of
origin predicts the behaviour of the fungi
tested afterwards in the biological pest
control (Bidochka et al. 2001). That is
why the usage of local strains may con-

tribute to a more effective pest control,
especially in cases, where exotic organ-
isms have not yield any satisfying re-
sults.

In these studies, the presence of EPF
in soil samples collected in agricultural
and reforested areas of Santiago and
Fogo was analyzed.

MATERIAL AND METHODS

Soil samples

The soil samples were collected in No-
vember and December 2011 from two
islands of the Cape Verde archipelago.
Seven localities were visited on the is-
lands of Santiago (63.6%) and four on
Fogo (36.4%).

44 soil samples were collected (four
samples in each location). In each loca-
tion, 2 kg of soil was collected at four
points around the plant and mixed to ob-
tain homogeneous sample. The samples
were collected from 15 cm below the
surface, previously having removed the
plant waste.

The soil was sampled in three dif-
ferent types of habitat: reforested areas
(27.3% of localities), irrigated agricul-
tural land (54.5%) and rainfed agricul-
ture (18.2%).

Reforested areas are highlands with
a steep decline. The highlands of San-
tiago are mainly covered in Jacaranda
mimosifolia, Lantana camara and euca-
lyptuses. In Fogo, however, Cupressus
sp., Acacia sp., Pinus sp. and Eucalyptus
sp. stand out.

Irrigated agricultural land is covered
with perennial crops such as Musa spp.,
Mangifera sp., Citrus sp., Vitis sp.
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Rainfed areas represent agricultural
land with perennial crop of pigeon pea
Cajanus cajan.

The soil samples were transported
in clear plastic bags to the laboratory of
the National Institute for Research and
Agricultural Development (INIDA) lo-
cated in Sao Jorge dos Orgaos (Santiago
island) where they were sieved through
a 3 mm mesh.

The percentage of sand in the soil
samples was determined by the Ana-
Iytical Laboratory of Soil, Water and
Plants (LASAP) located in Sao Jorge dos
Orgos.

Isolation and identification of EPF

The soil samples were studied in the
laboratory for the presence of EPF using
the Galleria bait method (Zimmermann
1986). The last larval instar of Galleria
mellonella (L., 1758) was used.

The larvae of G. mellonella (Lepidop-
tera: Pyralidae) were originated in labo-
ratory in INIDA. They were produced
based on an artificial diet according to
the recommendations of Dr. Charles
Waturu Nderito (2010).

A total of 455 larvae of G. mellonella
was buried in 52 sterile closed plastic
containers. Each box carried 400 g of
soil and four larvae or 1,200 g of soil and
12 larvae. The containers were incubated
at 25°C £1°C for 30 days.

The mortality of larvae was recorded
three times a week. The dead larvae were
sterilized on the surface with 5% sodium
hypochlorite and 70% alcohol followed
by two washes in sterile, distilled water
and kept separately for four days in moist
chambers at 25°C. The fungi developed
on the cadavers were subsequently cul-
tivated for seven days in PDA medium
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in the dark and identified microscopi-
cally using taxonomic keys described by
Barnett and Hunter (1987) and Watanabe
(2009).

In order to statistically analyze the re-
sults, the SPSS programme was used.

RESULTS AND DISCUSSION

The mortality of larvae of G. mellonel-
la introduced into soil samples reached
40.5%.

EPF were found in soil originate from
Cape Verde. 57.8% of the collected soil
samples contained EPF.

Besides EPF, in 37.7% of samples
the presence of other potential ento-
mopathogenic organisms such as rhab-
ditid nematodes was noted. In 4.5% of
soil samples no potential natural enemies
were found.

EPF were represented by isolates
of Beauveria bassiana (Hypocreales:
Cordycipitaceae) and Metarhizium ani-
sopliae (Hypocreales: Clavicipitaceae).
Each species was isolated from 34.6%
of soil samples (Fig. 1). The occurrence
of Beauveria and Metarhizium in the soil
from the islands of Santiago and Fogo
confirms the cosmopolitan character
of the aforementioned species of fungi
(Meyling and Eilenberg 2007, Sanchez-
-Pena et al. 2011).

In addition, in 50.0% of samples
Fusarium spp. was found. 19.2% of soil
samples contained fungi with unsporu-
lated mycelium (Fig. 1).

From some of the samples, two or
three different species of fungi were iso-
lated. 7.7% of samples contained both
aforementioned species of EPF.
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FIGURE 1. Percent of soil samples from Cape Verde containing fungi (November and December

2011)

The fungus B. bassiana was found on
the island of Fogo (Table 1), in soil sam-
ples taken from perennial crops, repre-
sented by vineyards (75.0% of samples)
and pigeon pea C. cajan cultivated in
rainfed areas (85.7%).

of adult weevils Cosmopolites sordidus
(Coleoptera: Curculionidae) found on
banana plantations in Santiago were
infected by B. bassiana (Nascimento,
not published). This fact may indicate
the presence of endophyte strains of

TABLE 1. Distribution of fungi in soil of different habitats on the Santiago and Fogo islands in Cape

Verde, 2011
Percent of samples containing fungi

Fungal species Reforestation Irrigated agricultural land | Rainfed areas

Santiago Fogo Santiago Fogo (Fogo)
Beauveria bassiana 0.0a 0.0a 0.0a 75.0b 85.7b
Metarhizium anisopliae 0.0a 00a 40.0 ab 100.0b 143 a
Fusarium spp. 50.0a 66.7 a 40.0a 50.0a 57.1a
Fungi with unsporula- 50.0a 333a 30.0a 0.0a 0.0a

ted mycelium

Values in lines followed by the same letters are not significantly different.

According to Tkaczuk (2008), cul-
tivating plants from family Fabaceae
favours the occurrence of EPF. But
Tkaczuk’s results obtained in Poland in-
dicated a dominance of M. anisopliae in
soils, where Fabaceae were cultivated.

There was no recorded presence of
B. bassiana in the soil of Santiago. Ear-
lier studies, however, showed that 5%

B. bassiana associated with banana crops
(Dolinski and Lacey 2007).

A significant Pearson’s correlation
was shown between the presence of
B. bassiana in soil samples and the pres-
ence of sand (r = 0.647; p < 0.01). On
average, there was more sand in sam-
ples originate from Fogo than there was
in samples from Santiago. Marjanska-
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-Cichon et al. (2005) pointed out, that
sandy soil is richer in entomopathogenic
fungi than argillaceous soil. But in sandy
soil from Poland M. anisopliae was
dominating.

The presence of the species Me-
tarhizium was confirmed in all soil sam-
ples collected on the island of Fogo on
the vine plantation and in 14.3% of soil
planted with pigeon pea. On the island of
Santiago the presence of M. anisopliae
(40.0%) was related to banana planta-
tions. All of these terrains had an incli-
nation of no more than 25%.

A significant Pearson’s correlation
(r=-0.714; p <0.01) was found between
the presence of M. anisopliae and the in-
clination of the terrain.

The EPF were isolated from soil
samples collected from lots occupied
by orchards, vine and C. cajan. These
perennial crops create beneficial circum-
stances for the survival of EPF, more so
given the stability of the environmental
conditions and, consequently, the pres-
ence of potential hosts, as mentioned
by Chandler et al. (1997) and Tkaczuk
(2008).

There were no EPF in the soil samples
collected in reforested areas in Santiago
and Fogo (Table 1). The reforested ar-
eas of Cape Verde are located in steeply
inclined terrains and suffer from strong
water erosion during the rainy season.
For the record, these studies were con-
ducted at the end of the rainy season.

The results of the studies are con-
sistent with the results of Sanchez-Pena
et al. (2011), who showed, that wooded
areas are not always a source of natu-
ral enemies. On the other hand, Que-
sada-Moraga et al. (2007) isolated both
M. anisopliae and B. bassiana from soil
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originate from wooded areas in Spain. In
Poland, in the soil from forested habitats
the B. bassiana was definitely dominat-
ing (Tkaczuk 2008).

The presence of a Fusarium species
was frequently noted (40.0-66.7%) in
soil samples collected on both islands
(Table 1).

The common practice of isolating
Fusarium from soil samples using the
Galleria bait method should be brought
to attention. As Wenda-Piesik (2011)
points out, Fusarium is an example of
a phytopathogenic fungus also able to
induce lethal reaction in insects. The du-
alistic properties of the various species
of Fusarium are the subject of studies in
the biological control of mosquitoes and
nematodes Radopholus similis. Dolinski
and Lacey (2007) assessed the potential
of Fusarium spp. in the biological con-
trol of C. sordidus.

It is to be noted, that the survival and
pathogenicity of EPF depends on various
abiotic factors. The conidia of some of
the isolates of B. bassiana lose their path-
ogenicity after three hours of insolation
(Kowalska and Pruszynski 2007). There-
fore, the usage of native entomopatho-
gens in the biological control of different
pests may be profitable. Native isolates
are adapted to the local climatic condi-
tions, as well as to the local entomofauna
(Tangchitsomkid and Sontirat 1998, Do-
linski and Moino Jr. 2006), which is why
they are more effective against pests than
introduced isolates.

The EPF are used, on a large scale, all
over the world in the biological control
of various pests of crops, such as aphids,
locusts, trips, whiteflies (Cavalcanti
2006). The development of plant protec-
tion in the Cape Verde should follow the



208 B. Wasilewska-Nascimento

example and investigate the influence
of isolated strains of B. bassiana and
M. anisopliae on pests occurring on the
islands.

CONCLUSIONS

The occurrence of B. bassiana and
M. anisopliae in agricultural land of Cape
Verde was confirmed. The presence of
B. bassiana was recorded in the soil with
higher sand content, while M. anisopliae
occurred on less inclined fields.

The frequent presence of Fusarium
spp. drew attention and should be stud-
ied more.
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Streszczenie: Wystepowanie grzybow owadobdj-
czych w glebach wysp Santiago i Fogo (Republi-
ka Zielonego Przylqdka). Gleba jest siedliskiem
wielu grzybéw owadobojczych (EPF) na catym
$wiecie. Do izolowania EPF z prob glebowych
zastosowano metode owadoéw putapkowych.
Powszechnos¢ wystepowania EPF na terenach
rolnych zostata potwierdzona niniejszymi bada-
niami, w wyniku ktorych stwierdzono, ze gleby
Republiki Zielonego Przyladka sa siedliskiem
EPF, takich jak Beauveria bassiana i Metarhizium
anisopliae. Obecnos¢ B. bassiana zarejestrowano
w glebie wyspy Fogo a wystegpowanie M. aniso-
pliae zaré6wno na wyspie Fogo, jak i Santiago. Nie
stwierdzono EPF na terenach zalesionych. Staty-
stycznie wiecej prob glebowych zawierajacych
B. bassiana pochodzito z terenéw pokrytych upra-
wami roslin wieloletnich, przy czym istotnym
czynnikiem wplywajacym na obecnos¢ grzyba
byta zawartos¢ piasku w glebie. M. anisopliae byt
natomiast obecny na terenach o mniejszym na-
chyleniu terenu. Fusarium spp. byt obecny w po-
towie przebadanych préb glebowych. 1zolowanie
EPF rodzimych z pdzniejszym ich zastosowaniem
w krajach rozwijajacych sie moze w istotny spo-
sob przyczyni¢ si¢ do skutecznego ograniczenia
liczebnosci populacji szkodnikéw w uprawach.
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