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Abstract

Background: Endophytic fungi are excellent sources of new natural bioactive products with potential for
exploitation in medical, agricultural, and industrial fields. Beneficial effects of endophytes are not only limited to
promoting plant growth, but also to react as plant protection agents against phytopathogenic microorganisms and
plant pests. The tomato leaf miner, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) is one of the main tomato
pests in South America and in the Mediterranean basin.

Results: In the present work, the effectiveness of two endophytic fungi Clonostachys spp. and Beauveria bassiana
were tested against T. absoluta larvae. Evaluation of the larvicidal effect in the laboratory by spraying 3
concentrations (D; = 4 x 107 spores/ml, D, = 4 x 10° spores/ml and D5 = 4 x 10° spores/ml) of fungal suspensions
showed remarkable efficacy, which varied depending on the tested strain, concentration of application and time of
exposure. Statistical analysis showed highly significant results on larval mortality rates for both endophytic than the
control. After 15 days, dead larvae were mummified. Applications of tested isolates in greenhouse experiments
confirmed their marked biological control efficacy than the synthetic insecticide (Emamectin benzoat). Number of
mined leaves decreased depending on the contact time of the larvae with the fungal spores.

Conclusion: Results suggest that the two endophytic fungi B. bassiana and Clonostachys spp. were very effective
entomopathogenic fungi against T. absoluta. Indeed, the present study revealed the pathogenicity of Clonostachys
spp. against T. absoluta larvae for the first time.

Keywords: Tuta absoluta, Endophyte, Clonostachys spp., Beauveria bassiana, Larvicidal effect, Entomopathogenic
fungi
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Background

Pests and phytopathogenic organisms are responsible for
numerous damages and diseases infecting market garden
crops, fruit and forest trees. The use of chemical pesti-
cides against these organisms has led to multiple conse-
quences on the environment (Ben 2015). Natural
products derived from fungi and more especially endo-
phytes represent an important source for the control of
crop pests. Endophytic fungi are seen as promising alter-
natives to substitute chemical fertilizers and pesticides in
sustainable and organic farming systems. Different
methods of protection against the tomato leaf miner,
Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) have
been reported (Desneux et al. 2010). In terms of bio-
logical protection, several auxiliaries have been reported
in laboratory conditions, in experimental and production
green houses, especially with bedbugs predatory of eggs
and young larvae of T. absoluta (Urbaneja et al. 2009).
Likewise, several species of Trichogramma parasitoids of
T. absoluta eggs were cited (Cabello et al. 2009; Kabiri
et al. 2010). In Algeria, Ben Yahia (2015) showed insecti-
cidal activity of Thymus capitatus plant extracts against
T. absoluta. Regarding formulations based on entomo-
pathogenic fungi (EPF), many examples are cited, such
as Beauveria bassiana (Balsamo) Vuill. (Saranraj and
Jayaprakash 2017) and those based on the use of Bacillus
thuringiensis (Berliner) (Desneux et al. 2010; Harizia
et al. 2019). In Algeria, fewer studies on B. bassiana and
Clonostachys spp. (Bainier) have been performed. Patho-
genicity of B. bassiana to T. absoluta has been demon-
strated by Badaoui et al. (2011). Studies carried out on
the pathogenicity of Clonostachys spp. against insects are
very limited, this study is the first concerning the patho-
genicity of Clonostachys spp. on T. absoluta larvae. Clo-
nostachys spp. has been successfully tested as a
biological control agent against various pathogens of
fungal plants (Mohamed Mahmoud 2017). According to
the literature, Clonostachys spp. is nematophagous fungi,
which play an important role in the reduction of nema-
tode populations by its antagonistic behavior (Rosalia
et al. 2018).

The objective of this study was to evaluate the endo-
phytic fungi; B. bassiana and Clonostachys spp. against
T. absoluta larvae under laboratory and greenhouse
conditions.

Methods

Fungal strains

Fungi used in the present study belong to the collection
of the phytopathology laboratory (Department of Bio-
technology). The fungal strains B. bassiana (Sn182) and
Clonostachys spp. (G133), characterized and identified
by Mohamed Mahmoud et al. (2017), were isolated from
date palm roots growing in Alicante (Spain) (latitude
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38°20'42"" N, longitude 0°28°53"° W and elevation
above sea level: 18 m = 59 ft). These strains have shown
their effectiveness as a biocontrol agent against phyto-
pathogenic fungi and as plant growth stimulants on sev-
eral plant species (Mohamed Mahmoud 2017).

Preparation of fungal suspensions

Purification of the strains was carried out in a potato
agar culture medium (PDA, Potato Dextrose Agar)
(Johnston and Booth 1983). After germination, the stock
solutions of the fungal suspensions intended for the in-
fection of T. absoluta larvae were obtained according to
the method described by Badaoui et al. (2011). Two
drops of Tween 20 were added to 100 ml of these sus-
pensions. The mixture was then stirred for ten minutes
in order to let the fungal strains to release their coni-
diospores. Concentration of each suspension was deter-
mined by counting spores, using Malassez cell. Applied
concentrations were obtained by successive 1/10 dilu-
tions of the stock solution; D; = 4 x 107 spores/ml, D, =
4 x 10° spores/ml and D; = 4 x 10° spores/ml.

Pests

Tuta absoluta larvae were collected from mined tomato
leaves from several varieties cultivated under greenhouse
from the Technical Institute of Vegetable and Industrial
Cultures (ITCMI) (Staouali, Algeria) (latitude 36.7558,
longitude 2.89018 36° 45'21"" N, 2° 53'25"" E, elevation
above sea level 36 m = 118 ft). For their subsequent
uses, larvae from the 3rd and 4th instars were placed in
sterile glass Petri dishes containing tomato leaves.

Tomato plants

Seeds of tomato plants (cv. Ebia F1) provided by a pri-
vate nursery located in (Staouali, Algeria) were used to
evaluate the effectiveness efficacy of the endophytic
fungi (B. bassiana and Clonostachys spp.). Tomato seeds
were disinfected for 20 min according to Macia-Vicente
et al. (2008) method in a solution consisting of sterile
distilled water (SDW) and about two to three drops of
sodium hypochlorite (2%). Disinfection step was
followed by 3 successive rinses with SDW and draying
on sterile filter paper. Germinated seeds were trans-
planted into pots containing sterile substrate consisting
of a mixture of 2/3 sand and 1/3 peat at the rate of 400
g per pot. Pots were kept in a greenhouse at 25 to 30 °C.

Larvicidal effect in laboratory conditions

Infestation of T. absoluta larvae with the tested fungi
was carried out by the leaf-dip-bioassay method; de-
scribed by Cahill et al. (1996). Ten larvae of the 3rd and
4th instars were gently placed in each Petri dish contain-
ing filter paper used to absorb the excess suspension and
to maintain tomato leaves as fresh as possible. To feed
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the larvae, healthy and young tomato leaves were placed
in each box. The same number of larvae was placed in a
control dish sprayed with SDW. Three replicates were
performed for each concentration as well as for the con-
trol. Seven treatments were used in these experiments
(12 m* area of the experiment and 40 cm? area of indi-
vidual plot).

Larvicidal effect in greenhouse conditions

Complete random block experimental was set-up; it con-
sisted of 7 treatments with 20 repetitions for each treat-
ment (140 plants in total). T1: control (without fungal
suspension and without T. absoluta), T2: tomato plants
+ B. bassiana, T3: tomato plants + Clonostachys spp.,
T4: tomato plants + T. absoluta + spray with distilled
water, T5: tomato plants + 7. absoluta + spraying with
insecticide (Emamectin benzoat), T6: tomato plants + 7.
absoluta + spraying with B. bassiana, and T7: tomato
plants + T. absoluta + spraying with Clonostachys spp.
On leaves of tomato seedlings 2 months old, fungal sus-
pensions at a concentration of 4 x 10’ conidia/ml were
sprayed with manual sprayer. One week after, on young
leaves of each tomato plant, four larvae of different in-
stars were deposited. Plants containing 7. absoluta lar-
vae were covered by plastic bags to prevent the spread
of larvae. After 24 h of depositing larvae, a second spray-
ing of tomato plants was carried out with the fungal sus-
pensions, SDW, as well as the chemical insecticide.

In vitro production of protease and chitinase

In order to check virulence of the strains affiliated to
Clonostachys spp. and B. bassiana, proteolytic activity
was determined by using skim milk agar medium (Sun-
ish Kumar et al. 2005), and chitinase activity was evalu-
ated on PDA medium where glucose was substituted by
chitin as a carbon source (Nihorimbere et al. 2013). My-
celial discs of each tested fungus were deposited on this
medium with three replicates. After 2 to 7 days of incu-
bation at 28 °C, the appearance of a clear area around
the colony indicated a positive proteolytic activity (Smi-
bert and Krieg 1994), and the synthesis of chitinase was
revealed by the rapid growth of fungi.

Statistical analyses

Obtained results from laboratory and greenhouse experi-
ments were statistically analyzed with the GLM model
(General Linear Models) (2012) of the SYSTAT soft-
ware. Averages of the larvae mortality rate in laboratory
conditions and the number of mined leaves in green-
house conditions were recorded and analyzed.

Results
In laboratory conditions, an increase in mortality rate of
T. absoluta larvae varied according to time of exposure
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and fungal strains concentrations. Mortality rate of lar-
vae infected by both fungal strains Clonostachys spp.,
and B. bassiana at different doses: D; = 4 x 10" spores/
ml, D, = 4 x 106spores/ml, D; = 4 x 10° spores/ml,
negative control Dy = 0 spores/ml was evaluated after
24, 48, and 72 h after infestation (Table 1). After 24 h,
mortality rate of T. absoluta larvae was high by using D;
concentration of Clonostachys spp. and increased to
90%, while it was low at low concentrations, where it
reached 35% for D, and 30% for D5 concentrations. Lar-
val mortality rate was high 80% when infection was done
by D; concentration of B. bassiana, and reached 40% by
D, and D5 concentrations (Table 1). For the control, lar-
vae sprayed only with SDW recorded a low larval mor-
tality of 10%. After 48 h, larvae inoculated with the D,
concentration of Clonostachys spp., no changes were ob-
served in mortality rates of larvae than the first day
(90%), while for the other concentrations mortality rates
reached 70% for D, and 60% for Ds. Regarding D; sus-
pension of B. bassiana, mortality rate reached its max-
imum of 100%, however, for the other concentrations, it
increased and attained 65% for D, and 50% for Ds;. A
small increase in mortality rate was observed for larvae
sprayed with SDW (Table 1). After 72 h following the
infection, the applied D;concentration of Clonostachys
spp., completely killed the larvae (100%), while this rate
increased at the D, concentration and reached 80 and
70% with D3 concentration. The highest death rate value
of 100% was observed by D, concentration of B. bassi-
ana. On the other hand, for the D5 concentration, a rate
of only 55% was obtained. For the control, a slight in-
crease to 20% in the larval mortality rate was noticed
(Table 1).

The larvicidal effect of the two endophytic fungi Clo-
nostachys spp. and B.bassiana compared to SDW (con-
trol) was highly significant (P = 0.000) on the variability
in the mortality rate of 7. absoluta larvae after 3 days

Table 1 Mortality rates (%) of Tuta absoluta larvae after
application of suspensions of entomopathogenic fungi

Mortality rates (%)

Treatments (spores/ml)/
times after infestation

24 h 48 h 72 h

Beauveria bassiana

Dy =4x10 80 100 100

D, =4x10° 40 65 100

D;=4x10° 40 50 55
Clonostachys spp.

Dy =4x 10 90 0 100

D, =4x10° 35 70 80

Dy =4x%10° 30 60 70
Control

Dy=0 10 13 20
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following infection. For the two fungi, the highest con-
centration (D;) hit the target and killed more effectively
the larvae than the lowest concentration suspensions (D,
and D3). One week after infection, live larvae developed
inside the Petri dishes sprayed with the two fungi sus-
pensions D, and D3 and evolve into adults. From ob-
tained results, as a function of time, especially for D,
and D3, the fungus Clonostachys spp. showed a relatively
progressive efficacy, while for the highest D; concentra-
tion, total larval mortality was observed after 3 days of
infection. The larvae covered with the mycelium and
spores of Clonostachys spp. after 20 days of inoculation,
they gave an appearance of a mummy (white
muscardine).

Under greenhouse conditions, 24 h after depositing
the larvae of T. absoluta on tomato leaves, the symp-
toms appeared clearly in young leaves, which were
sprayed a week before by the suspensions at D; concen-
tration of Clonostachys spp., B. bassiana as well as with
SDW; on the other hand, fewer symptoms occurred on
plants treated with the insecticide (Table 2). After a
period of 24 h, following the second spraying of the
studied fungi or chemical preparations, there was an in-
crease in the number of infected (mined) leaves, espe-
cially for SDW and the suspension of Clonostachys spp.
The average of infected leaves was three (Table 2). After
48 h of the second spraying of the fungal suspensions
along with the insecticide, the number of infected leaves
remained constant unlike for SDW, where the number
had undergone a gradual increase to five infected leaves
(Table 2). After a period of 72 h for the second spraying,
all larvae were killed; the average number of leaves
sprayed with SDW had reached its maximum to nine
and the number of leaves treated with B. bassiana prep-
aration and chemical insecticide remained constant. For
the fungal preparation of Clonostachys spp., the average
of infected leaves increases to five (Table 2).

For the three treatments not inoculated with the larvae
of T. absoluta and sprayed with the different suspen-
sions of Clonostachys spp., and B. basiana as well as
with SDW, the plants were healthy, showing no symp-
toms of infection, and showed a very good growth. After
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6 days of application of the fungal preparations, the
killed larvae were covered by a white powder, corre-
sponding to the mycelium and the spores of the fungi
tested. Results obtained from the comparative study of
the number of infected leaves after 3 days of tracking
showed that the fungus B. bassiana was more effective
than Clonostachys spp. In vitro production test of prote-
ase and chitinase enzymes were studied; appearance of a
clear halo all around the fungal fragment means that
there were a production of protease from Clonostachys
spp. and B. bassiana. Mycelial growth of both fungi on
PDA medium in the presence of chitin indicated synthe-
sis of chitinase.

Discussion

The present study showed that larvicidal effects were
significantly observed in laboratory and in greenhouse
conditions by using the two endophytic fungi, B. bassi-
ana and Clonostachys spp. A significant effect of fungal
suspensions on larval mortality whatever the concentra-
tions used was found. It is recognized that the mortality
of insects infected with EPF depends on the number of
spores coming into contact with the insects (Steinkraus
and Tugwell 1997). The same results were observed by
other authors (Torres-Gregorio et al. 2009; Pires et al.
2010) and thus, make it possible that the isolates studied
had a pathogenic action on larvae of the tomato leaf
miner. Pathogenicity of B. bassiana against T. absoluta
has been demonstrated by several studies (Badaoui et al.
2011; Tadele and Emana 2017). Garrido-Jurado et al.
(2020) reported that the EPF can reduce fecundity and
fertility of insect. According to a previous study, B.
bassiana was shown to be an efficient fungus in biocon-
trol of soil inhabiting phytopatogenic fungi (F. oxy-
sporum f.sp. lycopersici, F. oxysporum f.sp. albedinis and
Gaeumannomyces graminis var. tritici) (Mohamed Mah-
moud 2017). B. bassiana produces very toxic metabolites
with several properties, like antibacterial, antifungal, cy-
totoxins such as beauvericin and basinoloide, as well as
insecticides produced during the breakdown of the cu-
ticle of host insects and infection of the pathogen target.
These metabolites are involved in the infection of insect

Table 2 Number of infected leaves after the spraying of the different treatments

Treatments

Number of infected leaves + standard error

Times after the second spraying the deposit of
the different treatments larvae on tomato

24 h 24 h 48 h 72 h
Tomato plants + Tuta absoluta + sprayed with Beauveria bassiana 2+1.18 2+175 2+283 2+317
Tomato plants + T. absoluta + sprayed with Clonostachys spp. 2+1.12 3+ 203 3+215 5+3.16
Tomato plants + T. absoluta + sprayed with insecticide 1+ 060 1+09%4 14088 1+094
Control
Tomato plants + T. absoluta + sprayed with distilled water 1+085 3+161 5+276 9+ 395
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hosts including chitin and other products (Alexopoulos
et al. 1996).

Studies carried out on the pathogenicity of Clonosta-
chys spp. against insects are very limited. Therefore, it
was difficult to compare the results of this study with
other studies, especially for T. absoluta larvae. This
study is the first to show that Clonostachys spp. caused
the mortality of T. absoluta larvae. They have been suc-
cessfully tested as biological control agents against vari-
ous pathogens of fungal plants (James and Sutton 1996).
Mohamed Mahmoud (2017) showed that Clonostachys
spp.- was a very effective antagonist against soil-based
phytopathogenic agents and its effect has been remark-
able by the phenomenon of mycoparasitism activity. Ac-
cording to Rosalia et al. (2018), Clonostachys spp. is a
nematophagous fungus, which plays an important role
in the reduction of nematode populations through their
antagonistic behaviors. There are many biotic and abi-
otic constraints on the ability of fungi to infect their
hosts under plant conditions, among which are micro-
bial antagonists, temperature, and humidity (Inglis et al.
2001). The use of EPF as a microbial control agent de-
pends on the appropriate inoculum, optimally formu-
lated and time applied to a susceptible host (Badaoui
2017). No negative effects were observed on the plants
inoculated only with EPF explaining that they have no
phytotoxic activity (Zimmermann 2007). Production of
protease and chitinase was consistent with previous
works which have showed that these enzymes were re-
sponsible for the penetration of the fungus through the
cuticle of the larvae. Following the works of Saranraj and
Jayaprakash (2017), EPF penetrate and dissolve the in-
sect cuticle using a mechanical pressure and a mixture
of enzymes...

Conclusion

Two fungal endophytes Clonostachys spp. and B. bassi-
ana, tested under laboratory and greenhouses condi-
tions, caused significant mortality of T. absoluta larvae
than the control. However, there were variations in the
mortality rates among the concentrations of the fungal
isolates. The study showed that B. bassiana was more ef-
fective than Clonostachys spp. The results remain very
satisfactory and significant, despite the fact that the
chemical insecticide was more effective than the fungal
suspensions used in practice. Further studies under field
conditions should be undertaken to evaluate effective-
ness of experimental mycopesticide in the management
of T. absoluta.

Abbreviations
EPF: Entomopathogenic fungi; PDA: Potato dextrose agar; SDW: Sterile
distilled water; GLM: General linear models
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