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ABSTRACT
Spodoptera littoralis has been recognized as a very destructive polyphagous insect, thus,
searching for novel bioagents is the current challenge. Endophytic fungi have been recog-
nized as repertoire for bioactive compounds. Thus, the objective of this work was to isolate
endophytic fungi inhabiting Lantana camara and evaluating their insecticidal activity against
S. littoralis. Aspergillus nidulans, an endophyte of L. camara, displayed a significant larvicidal
activity towards 2nd larval instar of S. littoralis. The morphological identity of A. nidulans
has been confirmed from the molecular sequence of ITS region, with genbank accession #
MK367603 and deposition # AUMC 14095. The bioactive metabolites of A. nidulans were
extracted with EtOAc and DCM and their bioactivity towards S. littoralis was assessed. The
values of LC50 were 22.6 and 34.4mg/mL for dichloromethane and ethylacetate extract,
respectively after 18 days of treatment. The chemical identity of insecticidally active com-
pounds was resolved by GC-MS analysis, revealing the presence of major compounds
namely 1-docosanol and 1-octadecanol on the EtOAc extract, while cis-9-hexadecenoic acid,
and 1-octadecanol were found in the DCM extract. These results indicate that this endo-
phytic fungus could be a potential source for bioactive metabolites and can be used in inte-
grated pest management and other important applications.
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Introduction

Fungal endophytes are colonizing living, internal
plant tissue without causing any apparent symptoms
of infection or disease to the host, conferring the
plant resistance to various pathogens. Endophytes
protect their host plants from infection by phyto-
pathogens and adverse conditions by secreting bio-
active secondary metabolites. Insect pests are one of
the main threats to agriculturalists. Currently, more
than 20 percent of the world’s crops are lost annu-
ally due to the insects threats, especially with the
increase in global warming (Ali et al., 2016,
Maxmen 2013).

The obvious ecological hazard due to the extensive
usage of synthetic insecticides motivates the research-
ers to discover powerful, selective and safe natural
alternatives (El-Sayed and Ali, 2020, Strobel and
Daisy 2003). Currently, many synthetic agricultural
agents have being targeted for removal from the mar-
ket, due to their profound harmful effects on human
health and environment. Thus, endophytic fungi
could serve as a reservoir of untapped biologically

active compounds that may present an alternative
way to control farm pests and pathogens (El-Sayed
and El-Sayed, 2020, Demain et al. 2000). Endophytic
fungi are a ubiquitous group of microbial plant sym-
bionts that spends the whole or part of its life cycle
colonizing inter- and/or intra cellular healthy tissues
of plants without causing visible disease symptoms
(Sunitha et al. 2013; El-Sayed et al., 2017a), they res-
ide inside the tissues of nearly all healthy plants.
Endophytes are synergistic to their hosts and at least
some of them are thought to be useful to the plant by
producing special substances in the plant tissue such
as secondary metabolites, that enhance the plant
resistance against insect pests and pathogens (Faeth
2002; Hardoim et al. 2015). The antiherbivore proper-
ties of endophytic fungi have been attributed to their
wide array of produced secondary metabolites such as
alkaloids, terpenoids, phenolics produced (Edriss et al.
2012; El-Sayed et al. 2019a). Thus, the endophytic
fungi have been accepted as an important source of
novel bioactive secondary metabolites that can be
excellent new platforms for the development of novel
pharmaceuticals and/or agrochemicals.
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Lantana camara grows widely on the tropical,
and sub-tropical parts of world. The leaves of L.
camara have been used as source of various insectici-
dally active compounds (Dua et al. 2010; Rajashekar
et al. 2014). Thus, the objective of the present study
was to isolate the endophytic fungi inhabiting L.
camara with potential insecticidally activity against
the 2th larval instar of S. littoralis.

Materials and methods

Collection of plant samples and isolation of
endophytic microbes

Fresh leaves of L. camara (collected from Al-Sharqia
province, Egypt, during September/2017) were
brought to lab in sterile bags and processed rapidly to
reduce the chance of contamination. Fresh and
healthy leaves of plant were washed thoroughly in
running water and segments of 0.5–1 cm2 were cut
from the midrib portion of each leaf and surface steri-
lized by immersing in 70% ethanol for 1min, fol-
lowed by 4% sodium hypochlorite solution (v/v) for
2min, and finally washed in sterile water for 1min
(Selvanathan et al. 2011; El-Sayed et al. 2018a,b,
2019a, 2017b). Sterilized samples were surface dried
under sterile condition on placing over sterilized blot-
ting paper. Leaves segments of L. camara were placed
in petri dishes containing potato dextrose agar (with
ampicillin 150mg/ml), the plates were sealed with
parafilm and incubated at 28± 2 �C for 15 days. The
efficacy of sterilization procedure was ascertained
from the mycelial growth of control plates. The devel-
oped fungal isolates were transferred onto fresh PDA
plates to isolate pure colonies. The obtained fungal
isolates were purified and maintained at 4 �C.

Identification of the potent insecticidally active
fungal isolate

The isolated endophytic fungi were inoculated to
plates of PDA media and allowed to grow at 28 �C
for 10 days. The fungal isolates were identified
according to their morphological features including
colony, conidial morphology (El-Sayed et al. 2012,
2013, 2015, 2019b). For molecular identification, the
fungal isolate was grown on PDB media for 5 days
at 28 �C. The mycelium was harvested, and the gen-
omic DNA was extracted. The fungal isolate was
molecularly identified based on the entire sequence
of internal transcribed spacer (ITS) flanking the 5.8S
region (ITS1-5.8S-ITS2 rDNA) ( Kebeish and El-
Sayed 2012). The genomic DNA was extracted, used
as a template for PCR with the primer set ITS4 50-
GGAAGTAAAAGTCGTAACAAG G-30 and ITS5
50-TCCTCCGCTTATTGATATGC-30 (El-Sayed et al.
2015, 2019c). The PCR reaction contains 10 ll of

2� PCR master mixture (i-TaqTM, Cat. No. 25027,
iNTRON Biotech.), 2ll of fungal gDNA, 1ll of for-
ward and reverse primers (10pmol/ll), completed to
20ll with sterile distilled water. The PCR was pro-
grammed to initial denaturation at 94 �C for 2min fol-
lowed by denaturation at 94 �C for 30 s, annealing at
55 �C for 10 s, extension at 72 �C for 30 s for 38 cycles,
with final extension at 72 �C for 2min. The PCR ampli-
con was analyzed by 1.5% agarose gel in 1� TBE buffer
(Ambion Cat# AM9864) comparing to the DNA ladder
(1kb Nex-gene Ladder, Puregene, Cat.# PG010-55DI).
Negative control PCR reactions (without fungal gDNA)
was used. The amplicons were visualized by gel docu-
mentation system, purified and sequenced by Applied
Biosystems Sequencer, HiSQV Bases, Version 6.0 using
the same primer sets. The obtained ITS sequences were
BLAST searched with non-redundant sequences on the
NCBI database. The quality of retrieved sequences was
visually inspected from the sequence chromatograms.
For the multiple sequences alignment, FASTA sequences
were imported into MEGA 6.0 software, aligned with
ClustalW muscle algorithm (Edgar 2004). The phylogen-
etic tree of the target sequences was constructed with
neighbor-joining method of MEGA 6.0 with 1000 boot-
strap replication (Tamura et al. 2011).

Growing of the fungal culture and extraction of
active compounds

The endophytic fungal isolates were grown on PDB
medium (El-Sayed et al. 2012, 2013). Plugs from the
periphery of 5 days old fungal cultures grown were ino-
culated to each 50ml of PDB, and the cultures were
incubated for 20days at 28 �C under stationary condi-
tions. After incubation, the cultures were filtered, and
the filtrate was extracted with organic solvents; ethyla-
cetate and dichloromethane. Liquid-liquid extraction
was carried out three times for each solvent (1%V/V).
To the filtrate, equal volume of ethylacetate was added,
mixed well for 10min, the two clear immiscible layers
were developed. The upper layer of ethylacetate con-
taining the extracted compounds was separated with
separating funnel. The water phase was subjected to
2nd extraction by the same method with dichlorome-
thane, and the lower organic layer was collected (El-
Sayed et al. 2019b). Both ethylacetate and dichlorome-
thane extracts were concentrated and evaporated under
reduced pressure at 35 �C using rotary vacuum evapor-
ator. The yields were weighed, stored as a stock in
glass vials in freezer for further studies.

Insect rearing and bioassay studies

Cultures of cotton leaf worm, S. littoralis was obtained
from the Cotton Pest Research Department,
Agriculture Research Center, Giza, Egypt, without any
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insecticidal pressure. The insects were reared on cas-
tor-bean leaves, Ricinus communis, under laboratory
conditions at 25±2 �C and 60±5% R.H (Eldefrawi
et al., 1964).

The pesticidal activity the recovered fungal
extracts against 2nd instar larvae of S. littoralis (sur-
vival and development) has been evaluated by leaf
dipping technique (Eldefrawi et al., 1964), with
slight modifications. Briefly, different concentrations
(0, 12.5, 25, 50mg/ml) of each fungal extract were
prepared and sprayed to both surfaces of the same-
sized fresh castor bean leaves, air dried at room
temperature. Treated dry leaves were put singly in
plastic cups, 2nd instar larvae of S. littoralis (starved
for 2 hours) were reared on treated and untreated
(control) caster bean leaves in plastic containers
(4� 6 cm) (avoiding cannibalism) at 28 ± 2 �C and
65 ± 5% R.H. Castor bean leaves were refreshed
regularly after two days. The experiment was
repeated three times with twenty-seven larvae per
treatment (9 larvae/replication). Three replicates of
nine larvae were fed on ethylacetate and dichloro-
methane treated leaves (separately) for 48 h as con-
trol. Larval mortality was recorded after 48 h till
pupation. Mortality percentage were calculated and
subjected to probit analysis (Finney, 1952). LC-P
lines were established and LC50 values were deter-
mined according to Abbott’s formula

Corrected mortality % ¼ Observed mortality � control mortality X 100
100 � control mortality

The toxicity lines were statistically analyzed
(Finney, 1952). The relative efficiency of tested
extracts was determined (Sun, 1950) as follow:

Toxicity index ¼ LC50 of the highest efficient treatment ðAÞ
LC50 of the other compound ðBÞ �100

A, is the most effective compound, and B, is the
other effective compound.

Chemical characterization of bioactive
compounds of potent fungal extracts

The chemical identity of the biologically active com-
pounds on the ethylacetate and dichloromethane
extracts from the fungal cultures were resolved by
GC-MS/MS analyses (El-Sayed et al. 2019a, El-Sayed
et al., 2020). The GC-MS/MS analysis was carried

out with GC (Agilent Technologies 7890A) inter-
faced with a mass-selective detector (MSD, Agilent
7000) equipped with a polar Agilent HP-5ms (5%-
phenyl methyl poly siloxane) capillary column
(30m� 0.25mm i. d. and 0.25 lm film thickness),
with injected volume 1 ll. The carrier gas was
helium with the linear velocity of 1ml/min. The
injector and detector temperature were 200 �C and
250 �C, respectively. The MS operating parameters
were ionization potential 70 eV, interface tempera-
ture 250� C, and acquisition mass range 50-800.The
identification of bioactive compounds present in the
extracts was based on a comparison of their mass
spectra and retention time with those of the authen-
tic compounds on NIST (National Institute of
Standards and Technology, US) and WILEY libra-
ries, as well as by comparing the fragmentation pat-
tern of the mass spectral data with those reported in
the literature. The name, molecular weight and
structure of the components of the extract were
ascertained.

Results and discussion

Isolation and identification of different fungal
isolates from Lantana camara

Four endophytic fungal isolates were isolated from
Lantana camara (Table 1), allocating to the different
plant parts. Fungi were morphologically identified
to the species level according to the universal keys
(El-Sayed et al. 2015). These isolates were
Helminthosporium sp and Fusarium oxysporum,
Alternaria alternata and Aspergillus nidulans.
Similar paradigm for endophytic fungal flora was
reported from Lantana camara (Desire et al. 2014).
The insecticidal activity of these fungi towards the
2nd larval instar of S. littoralis was evaluated.
Among these fungal isolates, the significant insecti-
cidal activity against S. littoralis 4th instar and 2nd

instar larvae were detected on the filtrate of A. nidu-
lans. Depending on morphological criteria, A. nidu-
lans was appeared on potato dextrose agar as dark
green with orange to yellow, reverse is purplish to
olive, with moderate growth. Hyphae are septate and
hyaline, conidial heads are columnar (Figure 1). From
these morphological features, this isolate is very close

Table 1. Larvicidal activity of selected endophytic fungal isolates against 4th instar larvae of S. littoralis.

No. Fungal Isolate Isolate lab cod

Mortality %

1 day post-treatment 3 days post-treatment

1 Aspergillus nidulans 42 12.2 ± 2.2a 25 ± 2.9a

2 Helminthosporium sp 84 3.33 ± 3.3ab 13.33 ± 3.3abcd
3 Helminthosporium sp 84-1 6.6 ± 3.3ab 10.00 ± 0.0bcd
4 Fusarium oxysporum 67 0.00 ± 0.0b 11.1 ± 0.0bcd

The mean values followed by different letters a, b, c with in the same column are significantly different (ONE Way ANOVA,
Tukey’s test, p < 0.05).
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to A. nidulans. Further molecular analyses to approve
the morphological description were conducted.

The endophytic isolate A. nidulans was further
identified based on their sequence of ITS regions.
The purified amplicons (650 bp) of A. nidulans was
deposited on Genbank with accession MK367603.
From the alignment profile and phylogenetic ana-
lysis of rDNA sequences, five phylogenetic
clades for A. nidulans isolates were evolved from the
non-redundant BLAST research and phylogenetic
analysis of ITS sequence of A. nidulans (Figure 1).
The retrieved sequence of A. nidulans displayed a
96.6% similarity (E value zero) with various isolates
of A. nidulans namely; A. nidulans MK026965,
MH861048, MH858232, MK991576, and KY074657.

Larvicidal activity of A. nidulans extracts on S.
littoralis 2nd larval instar

The biological activity of ethylacetate and dichloro-
methane extracts of A. nidulans against 2nd instar
larvae of S. littoralis was assessed. After incubation
for 20 days, the cultures were harvested, filtered, and

the extracellular metabolites was extracted with eth-
ylacetate and dichloromethane, and their larvicidal
activity were evaluated. From the results (Table 2),
the tested extracts of A. nidulans displayed an obvi-
ous larvicidal activity in addition to retardation the
larval growth and elongation in period of S. littoralis
life cycle stages. The larval mortality may be attrib-
uted to direct insecticidal action due to feeding
inhibition or gustatory repellency or impairment in
the food assimilation after feeding on leaves treated
with the fungal extracts. Additionally, some larvae
failed to reach more next advanced instar. The mor-
tality rate was proportionally increased with the fun-
gal extract concentration. The ethylacetate and
dichloromethane extracts of A. nidulans caused
accumulative mortality 40.7 and 55.6%, respectively,
after 18 days of post treatments. Similarly, the
ethylacetate extract of Alternaria alternata induced
significant inhibitory effect on survival and repro-
ductive potential of Spodoptera litura (Namasivayam
et al., 2014, Kaur et al., 2016). The mortality percen-
tages of the tested extracts were recorded daily for
18 days of treatment. The LC50 values were

Figure 1. Morphological and molecular identification of Aspergillus nidulans. A, plate culture and microscopical view of A. nidu-
lans. B, PCR amplicons of ITS sequence, C, phylogenetic tree of A. nidulans using Maximum Likelihood method (Tamura
et al. 2011).
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determined from the plotted regression lines for
tested fungal extracts against the 2nd instar larvae of
S. littoralis. From the LC50 values, 2ndinstar larvae
of S. littoralis were more susceptible to all treat-
ments with the time increase. The values of LC50

were 22.6 and 34.4 mg/mL for dichloromethane and
ethylacetate extract, respectively after 18 days of
treatment (Figure 2).

Effect of the fungal extracts on the development
of immature stags of S. littoralis

From the obtained results (Table 3), A. nidulans eth-
ylacetate extract significantly prolong the total larval
duration of S. littoralis from 8days (control) to
18days upon treatment with the extract. As well as,
A. nidulans ethylacetate and dichloromethane extracts
affected total larval period and total development
period of immature stages but with non-significant
effect on pupal stage period. Noticeably, elongation of
the immature stages was non-significantly affected by
the tested extract concentration. The larvae deform-
ation percentage was 10.0%, while that for the positive
and negative controls was 1.67% and zero for 2nd

instar larvae, respectively. Recent studies have demon-
strated the detrimental effects of Alternaria alternata
toxin on the reproduction of rose aphid, Mcrosiphum
rosivorum Zhang (Sharma et al., 1988, Yang et al.,
2012, El-Sayed et al., 2020). Consistently Penicinoline,
an alkaloid isolated from Penicillium sp showed a

Table 2. Mortality of S. littoralis by Aspergillus nidulans
extracts after 48 h. treatment of 2nd instars larvae.

Treatment Conc. (mg/ml)

Cumulative mortality (%)

1 day 3 days 7 days 12 days 18 days

Water control – 0.0 0.0 0.0 0.0 0.0
EtOAc control – 0.00 3.70 3.70 3.70 3.70
DCM control – 0.0 7.41 7.41 7.41 7.41
EtOAc Extract 12.5 0.00 14.81 29.63 29.63 29.63

25 0.00 29.63 29.63 29.63 40.74
50 11.11 40.74 48.15 59.26 59.26

DCM extract 12.5 0.00 22.22 33.33 33.33 37.04
25 11.11 37.04 44.44 51.85 55.56
50 25.93 55.56 59.26 59.26 62.96

Figure 2. GC/MS-MS chromatogram of A. nidulans EtOAc extract (A) and DCM extract (B).
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strong insecticidal activity against the sucking pest,
Aphis gossypii Glover (Theantana et al., 2012, Shao
et al., 2010).

Chemical characterization of bioactive
compounds of A. nidulans

The chemical identities of ethylacetate and dichloro-
methane extracts of A. nidulans were used for GC-MS
analysis. GC-MS analysis indicated that the fungus A.
nidulans produced bioactive compounds. From the
GC-MS/MS profiling (Table 4), sixteen compounds in
A. nidulans ethylacetate extract and nine compounds
in A. nidulans dichloromethane extract were extracted.
The identification was based on peak area, retention
time, molecular weight and formula, according to the
database of National Institute standard and
Technology (NIST) and WILEY libraries of the mass
spectrum. The identification of these metabolites
revealed that endophytic A. nidulans has the capacity
to produce bioactive compounds. GC-MS analysis of

crude ethylacetate extract of A. nidulans revealed a
major seven compounds as 1-docosanol, 1-octadecanol,
all-trans- anhydrorhodovibrin, perillol, phytol, n-hepta-
decanol-1 and n-hexadecanoic acid. While, for crude
dichloromethane extract of A. nidulans, the major five
components were cis-9-hexadecenoic acid (palmitoleic
acid) which recorded the highest peak area value
83.24%, followed by 1-octadecanol, 1-docosanol, (S)-
(-)-citronellic acid and b-citronellol with peak areas
3.57, 3.36, 3.12 and 1.66%, respectively (Table 4). In
the ethyl acetate extract of fungi A. nidulans, the main
compounds 1-docosanol (C22H46O) with peak area
21.87 and retention time was 13.93; 1-octadecanol
(C18H38O) with retention time 12.59 and peak area
was 21.16, all-trans- anhydrorhodovibrin which
molecular formula is (C41H58O) along with retention
time and peak area is 3.8 and 15.48, respectively.
Perillol (C10H16O) which retention time was 5.8 and
had 8.82 peak areas. n-heptadecanol-1 (C17H36O)
had 11.11 retention time and peak area was 5.28. n-
hexadecanoic acid (C16H32O2) had 13.8 retention time
and peak area was 4.23. Minor constituents of A. nidu-
lans ethyl acetate extract were 1-hexadecanol
(C16H34O). Similarly, hexadecanoic acid was mainly
found in endophytic fFormatting Citationg. Similar
results were reported Sarocladium strictum against S.
littoralis (El-Sayed et al. 2020) The presence of phyto-
chemicals such as primary fatty alcohol, saturated fatty
acid monoterpenes and tetraterpenoid with high con-
centrations in ethylacetate extract; unsaturated fatty
acid, monoterpenes and fatty alcohols might be the
reason for insecticidal activity of these extracts. Our
findings suggest that endophytic fungi are rich source
for important bioactive compounds in agriculture
and medicine.

Table 4. GC-MS/MS metabolic profiling of A. nidulans EtOAc and DCM crude extracts.
No. Compound name RT Area (%) Phytochemical category

EtOAc Extracts 1 Trans-anhydrorhodovibrin 3.8 15.48 Tetraterpenoid
2 Perillol 5.8 8.82 Monoterpenes
3 1-Tridecene 9.45 1.78 Hydrocarbon, acyclic olefin
4 Methyl- b -ionone 10.4 0.65 Monoterpene
5 n-Heptadecan-1-ol 11.11 5.28 Long-chain primary fatty alcohol
6 1-Octadecanol 12.59 21.16 Long-chain primary fatty alcohol
8 n-Hexadecanoic acid 13.8 4.23 Straight-chain saturated fatty acid
9 1-Docosanol 13.93 21.87 Long-chain primary fatty alcohol
10 1-Hexadecanol; cetyl alcohol 14.44 1.98 Long chain primary fatty alcohol
11 Sebacic acid; dibutyl ester 14.87 2.58 Dicarboxylic Acids
12 Cis-13-octadecenoic acid 14.91 2.07 Monounsaturated, Oleic Acids
13 Phytol 15.19 8.71 Acyclic diterpene
14 Arg-Ser-Lys 16.64 1.78 Short peptide
15 Cis- 9-hexadecenoic acid 16.67 1.47 Unsaturated fatty acid
16 c-L-glutamyl-L-glutamic acid 18.16 1.52 Dipeptide

DCM Extracts 1 Methyl- b -ionone 10.4 0.94 Monoterpene
2 n-Heptadecan-1-ol 11.11 1.67 Long-chain primary fatty alcohol
3 1-Octadecanol 12.59 3.57 Long-chain fatty alcohol
4 1-Docosanol 13.93 3.36 Long-chain primary fatty alcohol
5 Phytol 15.19 1.61 Acyclic diterpene
6 (S)-(-)-Citronellic acid 16.3 3.12 Acyclic caprylates monoterpenoid
7 Cis-9-hexadecenoic acid 16.67 83.24 Unsaturated fatty acid
8 b-Citronellol 16.79 1.66 Monoterpenoid
9 c-L-glutamyl-L-glutamic acid 18.16 0.84 Dipeptide

Table 3. Effect of A. nidulans extracts on larval and pupal
development periods.

Conc (mg/ml)

EtOAc DCM

TLP TPP TDP T LP TPP TDP

12.5 15.2b 7.75a 22.9a 16.6a 8.33a 24.9a

25 16.9a 7.5a 24.4a 16.5a 8.00a 24.5a

50 16.6a 7.5a 24.1a 16.2a 8.10a 24.3a

Control 8.4c 7.5a 21.9a 13.4b 8.00a 21.4b

LSD 0.57 0.58 3.71 0.51 0.36 0.58
P value �0.00 n.s0.58 n.s0.25 �0.000 n.s0.26 �0.00
The mean values followed by letters
a,b,cwith in the same column are significantly
different (ONE Way ANOVA, Tukey’s test, p� 0.05).
LSD: the least significant difference.
n.s: non-significant,�means highly significant.
TLP, Total larval period. TPP, Total pupal period. TDP, Total develop-
ment period
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In conclusion, endophytic fungi from Lantana
camara were isolated and their biological activity
towards S. littoralis were assessed. The ethylacetate
and dichloromethane extracts of A. nidulans dis-
played significant deleterious effects to S. littoralis as
revealed from the tested biochemical parameters. A
strong deformation in adults of S. littoralis by about
25.1% was observed on the individuals descending
from larvae, comparing to positive and negative
controls. GC-MS analysis of A. nidulans ethylacetate
revealed major compounds namely 1-docosanol, and
1-octadecanol, while, for dichloromethane extract
components were cis-9-hexadecenoic acid and 1-
octadecanol.

To the best of our knowledge, this is the first
report describing the potentiality of A. nidulans for
controlling the cotton leave worm S. littoralis, that
could open a new avenue for biocontrol strategies of
various diseases caused by this pest. Further studies
are ongoing to implement this fungus and its bio-
active compounds with different formulating agents
against S. littoralis infecting different plants, and
evaluating their effect regarding to the transcrip-
tomic and proteomic responses of the host plant.
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