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Abstract

Description of the subject: Endophytic fungi and their products present a promising alternative to chemical
control of mosquito larvae and adults.

Obijective: This study aims to isolate and to identify the endophytic fungi from Borago officinalis L. (B. officinalis
L.), and then to evaluate their bioinsecticidal power against fourth stage (L4) mosquito larvae of Culiseta
longiareolata (Macquart, 1838) (Cs. longiareolata).

Methods: The endophytic fungi were isolated from the leaves of B. officinalis L. collected from the wilaya of
Boumerdes, Algeria and then identified by macroscopic and microscopic examinations. The laboratory, bioassays
were performed with six different concentrations (10%, 10%, 104, 10°, 10%, 107 spores/ml).

Results: The three endophytic fungi that were isolated and identified are Fusarium sp. (Bol) ; Penicillium sp.
(Bo2) and Cladosporium sp. (Bo3). The best larvicidal activity is attributed to Fusarium sp. (LCsp=6.45x10°
spores/ml), followed by Penicillium sp. (LCs,=1.99x10° spores/ml) and finally Cladosporium sp. (LCs0=6.30x10%
spores/ml). The LTso values ranged from 11 h to 7 days. (p<0.01)

Conclusion: These findings indicate that the leaves of B. officinalis L. can be a niche of several endophytic fungi
with great efficiency against mosquito larvae, which suggests their use as an alternative to chemical control, more
economical and less harmful for humans and environment.

Keywords: vector-borne diseases ; B. officinalis L. ; endophytic fungi ; Cs. longiareolata ; biological control.

ISOLEMENT ET IDENTIFICATION DES CHAMPIGNONS ENDOPHY TIQUES DE
BORAGO OFFICINALIS L. ET EVALUATION DE LEUR EFFET BIOINSECTICIDE
CONTRE LES LARVES DE MOUSTIQUE CULISETA LONGIAREOLATA
(MACQUART, 1838)

Résumé

Description du sujet : Les champignons endophytes et leurs produits présentent une alternative prometteuse a la
lutte chimique contre les larves et les adultes de moustiques.

Objectifs : Cette étude vise a isoler et a identifier les champignons endophytes de Borago officinalis L. (B.
officinalis L.), et a évaluer leur pouvoir bioinsecticide contre les larves de moustique de quatriéme stade (L4) de
Culiseta longiareolata (Macquart, 1838) (Cs. longiareolata).

Méthodes : Les champignons endophytes ont été isolés a partir des feuilles de B. officinalis L. récoltées de la
wilaya de Boumerdes, Algérie puis identifiés par des examens macroscopiques et microscopiques. Au laboratoire,
les essais biologiques ont été réalisés avec six concentrations différentes (102, 10%, 104, 10°, 105, 107 spores/ml).
Résultats : Les trois champignons endophytes qui ont été isolés et identifiés sont Fusarium sp. (Bol) ; Penicillium
sp. (Bo2) ; Cladosporium sp. (Bo3). La meilleure activité larvicide est attribuée a Fusarium sp. (CLso=6,45x10°
spores/ml), suivi de Penicillium sp. (CLso=1,99x10° spores/ml) et enfin Cladosporium sp. (CLso=6,30x10%°
spores/ml). Les valeurs TLso varient de 11 h a 7 jours. (p<0,01)

Conclusion : Les résultats indiquent que les feuilles de B. officinalis L. peuvent étre une niche de plusieurs
champignons endophytes avec une grande efficacité contre les larves de moustiques, ce qui suggeére leur utilisation
comme alternative a la lutte chimique, plus économique et moins nocive pour I'nhnomme et I'environnement.

Mots clés : maladies & transmission vectorielle ; B. officinalis L. ; champignons endophytes ; Cs. longiareolata ;
lutte biologique.
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INTRODUCTION
Belonging to the Culicidae family Cs.

longiareolata (Macquart, 1838) is one of the
medically and veterinary important mosquitoes
that transmit a wide range of vector-borne
diseases around the world [1-3]. During a blood
meal, females ingest pathogenic
microorganisms  (virus, parasite, bacteria)
present in an infected host (human or animal),
to reinject them into a new host after the
pathogen has reproduced. Often, once a vector
becomes infectious, it is able to transmit the
pathogen for the rest of its life cycle with each
subsequent blood meal or bite [4 and 5].
Females of Cs. longiareolata (Macquart) rarely
bite humans, however, these small insects can
be found in human dwellings where they
become an important vector of brucellosis,
avian influenza and West Nile encephalitis as a
secondary vector. Cs. longiareolata (Macquart)
can also be an intermediate vector of avian
Plasmodium causing Malta fever [1, 3, 6 and 7].
This species is mainly of veterinary interest
through the transmission of a wide range of
pathogenic parasites and arboviruses such as
malaria in birds (Plasmodium spp.) [4 and 5].
This multivoltine,  thermophilic, and
ornithophilic species is widely distributed
around the word mainely the Mediterranean
Sea, Africa, Europe and Asia [8 and 9]. The use
of  chemical insecticides  such as
organochlorines, organophosphates,
carbamates and synthetic perythrenoids seem to
be the most effective method to reduce
mosquito population [10 and 11]. However,
their intensive use has created a number of
problems such as human health, the
development of insect resistant, ecological
imbalance and damage to non-target organisms
due to their high toxicity [11]. Comparatively to
chemical pesticides, endophytic fungi are
currently considered to be one of the most
promising biological groups in vector control
which lead to the commercialization of a large
number of biopesticide products from fungi
[12]. In fact, these endophytic fungi can act on
the cuticle of insects without negative effect on
humans and environment [13-15]. They also
have the advantage of being inexpensive, easy
for application with high efficiency [16 and 17].
Despite the wide distribution of Cs.
longiareolata (Macquart) in Algeria especially
in arid areas [18], limited or no works were
interested in testing the sensitivity of these
insects using endophytic fungi. In this
perspective, the aim of this study is to isolate
and to identify for the first time in Algeria,

2835

Revue Agrobiologia (2022) 12(1): 2834-2841

the endophytic fungi of a Boraginaceae (B.
officinalis L.) and to evaluate their effects on
Cs. longiareolata (Macquart, 1838) larvae.

MATERIEL AND METHODS

1. Plant material

The leaves of B. officinalis L. were collected
with a sterile scissor from the wilaya of
Boumerdes, Algeria (36° 46’ 0” North, 3° 28’ 0"
East). It was harvested away from air pollution
and appearing to have no pathological
symptoms or superficial damage. The fresh part
of the plant was sent to the laboratory in sterile
glass jars within a period not exceeding 24 h
[19].

2. Animal material
The fourth instar larvae (L4) of Cs.
longiareolata (Macquart, 1838) come from an
untreated site at the University of Boumerdes by
using a metal ladle.

3. lIsolation and purification of endophytic
fungi

In order to get rid of the hyphae and spores of
epiphytic fungi, the leaves of B. officinalis L.
underwent a series of surface disinfection in
soapy water for 3 min, in sterile distilled water
for 10 min, then an immersion in ethanol 70%
for 1min. This was followed by sodium
hypochlorite NAOCL 3% sterilization for 4min,
then a second immersion in ethanol 70%
(30sec), and finally rinsing with sterile distilled
water twice for 1min [20 and 21]. To check the
effectiveness of the surface disinfection, the
PDA medium (Potato Dextrose Agar) was
inoculated with a drop of distilled water
obtained from the last rinse. The leaves thus
obtained from the first step are cut into small
pieces (2mm?) using a sterile scalpel and then
placed aseptically in Petri dishes containing a
PDA culture medium supplemented aseptically
with 18ml of Tetracycline to inhibit bacterial
growth. The Petri dishes were then incubated
for 7 days at 25°C. The purification was carried
out by a successive subculture on a new sterile
culture medium PDA. Endophytic fungi were
recorded with a two-letter code followed by a
number. The first and second letters correspond
successively to the genus and species of the
plant studied. The number indicates the order of
appearance.

4. Endophytic fungi identification

The identification is mainly based on
macroscopic (color, diameter, speed of growth
and appearance) and microscopic criteria
(nature of the mycelium and types of conidia).



TOUBAL et al.

5. Bioinsecticidal activity

-Preparation of the entomopathogenic solution:
Using a sterile spatula, small fragments of each
fruiting fungus were scraped from the surface of
the dish to be introduced into a test tube
containing 9ml of distilled water and 2-3 drops
of Tween 80. The solution thus obtained was
subjected to the action of a magnetic stirrer (Ibx
instruments, Germany) for 10 min. In total, six
concentrations were prepared from the stock
solution C1, C2, C3, C4, C5, and C6
corresponding to 107, 10° 10° 10¢% 10° 107
spores/ml for each fungus.

-Experiment method: The bio-tests were carried
out in cups containing 49 ml of distilled water,
1 ml of each entomopathogenic solution and 20
mosquitoes larvae of fourth stage. The same
number of larvae was placed in a control cup
containing 50 ml of the breeding water.
According to Abbott [22], the mortality rate and
corrected mortality were calculated every 24h,
48h, 72h, 96h of treatement using the following
formulas:

Mortality rate% = (Death number) / (Total
number of individuals) x100.

Table 1. Colonization rate and frequency of isolation
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Corrected mortality% = [Mortality in treated
group - Mortality in the control group /100-
Mortality in the control group] x100

6. Statistical analysis

Results were expressed as mean = SEM of three
repetitions. The statistical comparison between
groups was performed with one-way ANOVA
analysis using Statistica version 6.

RESULTS

1. Isolation of endophytic fungi

After seven days of incubation at 25°C, the
endophytic fungi begin to grow from the leaf
segments of B. officinalis L. The efficiency of
the disinfection was checked and showed no
microbial growth indicating that the epiphytes
were completely removed according to the
disinfection protocol. A total of three fungal
isolates were obtained from B. officinalis L
leaves (Bol, Bo2 and Bo3). The colonization
rate (CR) and isolation frequency (IF) of a taxon
were calculated. All the results are mentioned in
the following table (Table 1):

Funaal Total number of Number of Number of
ung inoculated segments with CR (%) . . IF (%)
isolates taxon isolation
segments endophytes
Bol 07 05 71.43 2 28.57
Bo2 1 14.28
Bo3 2 28.57

CR : colonization rate; FI : isolation frequency

2. Macroscopic and microscopic identification
The macroscopic and microscopic
identification were carried out. The microscopic
identification was performed by the study in the
fresh state and with the methylene blue
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technique (tape method). Totally, the three
endophytic fungi which were isolated from the
leaves segments of B. officinalis L. are [ Cladosporium sp.
Fusarium sp. (Bol); Penicillium sp. (Bo2) and H_._._/_._._./'—"'_H —e— Penicllium sp.
Cladosporium sp. (Bo3). (Table 2) ‘ 0 5 10 15

3. Bioinsecticidal results Time (Day)

In the conducted experiment, the mortality Figure 1: Corrected mortality kinetics (+ ESM)
kinetics of Cs. longiareolata (Macquart) larvae of Cs. longiareolata (Macquart) larvae treated

show  significant  sensitivity ~ to  all with the 107 spores/ml concentration of the
e_ntomopathogenlc. A pro_portlonal variation in three entomopathogenic after 15 days of
time, doses and endophytic fungus species was treatment

recorded (Fig. 1). The value of P is highly
significant (p <0.01).
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Table 2: Macroscopic and microscopic identification of the three fungal isolates

Revue Agrobiologia (2022) 12(1): 2834-2841

!:ungal Macroscopic identification Microscopic identification
isolates G
: . . enus
Color Diameter (em) Growth Aspect Mlcrosco_plc Characteristics
Front Back 5days 10 days rate observation
Bol Whitish light orange 7.6 8.8 3 days Cottony, white * Septate and colorless Fusarium sp.
filament, mycelium;
irregular * Three types of conidia:
outline, sickle-shaped
absence of macroconidia with several
water droplets transverse septa;
(exudate) scalariform microconidia;
blastoconidia with 0 to 3
septa.
Bo2 Belu green 2.95 8 days Powdery, Penicillium sp.
Pigmented irregular A brush-like organization
colonies pigmented, in the form of a septate and
presence  of hyaline mycelial filament,
water droplets of simple conidiospores
(exudate) which end in a penicil. The
phialides are arranged in a
biverticillea at the tips of
the conidiospores.
Bo3 Dark green with Green 1.65 Pigmented 7 days Powdery, Pigmented septate hyphae; Cladosporium
white outline surrounded by colonies hard, rounded conidiospores of variable sp.
white relief length; acropetal chain

blastopores
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For the other concentrations (10°; 10° 10% 10° (C1=10" spores/ml) (P <0.01). For Penicillium
and 10% spores/ml), this mortality rate was only sp. (Bo3), the larvicidal effect was a bit
obtained after the 9™, 12", 13" 13" and 14" prolonged in time (14" day of treatement)
days respectively). compared to the other entopathogenic solutions.
It emerges that the best bioinsecticidal activity The larvae  showing  sensitivity to
is attributed to the endophytic fungus Fusarium entomopathogenic solutions underwent
sp. (Bol) which recorded 100% mortality from regression in size, total degeneration and
the first day of treatment. The effect of change in color in the body of the insect
Cladosporium sp. (Bo2) on the larval (observed only with Fusarium sp. (Bol)) (Fig.
population started from the first day but did not 2).

reach its maximum until after the 11th day

a
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Figure 2: The effect of the three endophytic fungi (Fusarium sp.; Penicillium sp.; Cladosporium sp.)

on the morphology of Cs. longiareolata (Macquart) larvae
a: a decrease in size; b: degeneration; c: a change in color in the insect's body

Values of LCsy and LTso were obtained by For the other solutions these values are much
plotting the Probits=f (log concentrations) and more prolonged in time, three days for
Probits=f (log time) regression lines (Table 3). Penicillium sp. and seven days for
The lowest concentration which causes half of Cladosporium sp. with respective values of
larval mortality was obtained from the LCso equal to 1.99x109 and 6.30x1010
endophytic fungus Fusarium sp. (6.45x105 spores/ml.

spores / ml) with the shortest LTso value (11h).

Table 3: Toxicity parameters after two days of treatment
LCso

Endophytic

Equation R? Equation R? LTso
fungus (spores/ml)
Fusarium sp. Y=0.7x+0.935 0.61 6.45x10° y=6.0381x — 1.0782 0.74 11h
Penicillium sp. Y=0.72x-1.693 0.91 1.99x10° y=2.7138x + 0.0224 0.79 3d

Cladosporium sp.  Y=0.24x+2.147 0.94 6.30x10%° y=1.2582x + 2.2074 0.92 7d

R? : coefficient of determination; LCso: lethal concentration ; LTso: lethal time 50; h : hour ; d : days

DISCUSSION According to Abdel-Motaal et al. [23], the
genus Penicillium (Bo2) was isolated as an
endophyte from the roots, leaves and stems of
the Egyptian Henbane Hyoscyamus muticus L.
From Oleander flowers Nerium oleander L.
[25]; roots of Triticum durum (wheat) [28];
leaves of Olea europaea L. (European olive
tree) [29] and from the leaves of Peganum
harmala (Harmel) [30].

Fungi of the genus Cladosporium (Bo3) has
also been isolated as an endophyte from several
medicinal plants. Huang et al. [31], isolate it
from the stems of Nerium oleander L. Others
have isolated it from the leaves, the stems and
roots [23, 24, 28, 30 and 32].

Several studies confirm the presence of these
fungi in various medicinal plants. In fact,
isolates belonging to the genus Fusarium (Bol)
were isolated as an endophyte from the roots,
leaves and stems of Hyoscyamus muticus L.
(Egyptian Henbane) [23]; and from samples of
fresh bark of Acacia catechu willd [24].
Ramesha et al. [25], isolate Fusarium sp.,
Fusarium semitectum from the stems and
flowers of Nerium oleander L. (Oleander), from
the old and fresh leaves of the same plant [26]
and from roots of plants growing in salty
environments [27].
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The study of Halouane et al. [33], show that
Deuteromycetes or imperfect fungi (including
Fusarium, Penicillium and  Cladosporium
genus) are the most widely used in biological
control to control insect populations. Indeed,
Singh and Prakash [34], have shown that culture
filtrates when combined, in the 1: 1: 1 ratios of
Fusarium oxysporum, Lagenidium giganteum,
Trichophyton ajelloi  exhibit considerable
mortality to control Culex quinquefasciatus
adults. Furthermore, Govindarajan et al. [35],
showed that the mortality rate of Fusarium
vasinfectum culture filtrates isolated from the
soil on 3" instar of Culex quinquefasciatus
larvae is observed after 24 h with a LCs equal
to 50.03 mg/ml.

According to Riba et al. [36], Penicillium
citrinum has shown a very aggressive effect
against Culex pipiens, Aedes aegypti and
Anopheles stephensi. Penicillium citrinum
mosquito larvae without multiplying in the host.
In addition, Russell et al. [37], concluded that
Penicillium citrinum helped to reduce the
viability of Aedes aegypti eggs. Lara da Costa et
al. [38], carried out in vitro biological tests in
order to evaluate the pathogenicity of 13 strains
of Penicillium in 2" stage larvae Aedes aegypti,
Aedes fluviatiles, Anopheles aquasalis and
Culex quinquefasciatus. Death rates started
within the first 24 h, ranging from 0 to 100%.
Ragavendran et al. [39], aimed to verify the
larvicidal potential of fungal mycelia (with an
ethyl acetate-based solvent) extracted from
Penicillium daleae against larvae of stages 1-5
of Culex quinquefasciatus and Aedes aegypti at
the highest concentration (1000 mg/ml) of
extract, mortality begins at 18 h of exposure and
reaches 100% mortality after 48 h of exposure.
The studies carried out by Laib [40], also
isolated this fungus (Cladosporium sp.) from
the leaves of Oleander Nerium oleander L.
(Apocynaceae, Gentianales) and which showed
that the filtrates of this endophytic fungus are
endowed with good insecticidal activity against
Acanthoscelides obtectus with a mortality rate
of 84% recorded after 48 h of spraying the
preparation at 100%.

CONCLUSION

The macroscopic and microscopic
examinations allowed to identify the endophytic
fungi from the leaves of B. officinalis L.
namely, Fusarium sp. (Bol) ; Penicillium sp.
(Bo2); and Cladosporium sp. (Bo3).
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Furthermore, the bioinsecticidal effect of these
three  endophytic  fungi at  different
concentrations appears to be effective in
controlling the larval population of Cs.
longiareolata (Macquart). However, the best
bioinsecticidal activity is attributed to Fusarium
sp. (Bol). It emerges from this study that B.
officinalis L. is a niche of several endophytic
fungi that may have a major biotechnological
importance for controlling disease-carrying
mosquitoes with minimal effect on the
environment.
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