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ARTICLE INFO ABSTRACT

Keywords: The modern medicines have revolutionized drug therapy, but due to emergence of new infectious disease and
Endophytic fungi resistance among infectious agents towards drugs, it is necessary to discover new antimicrobial agents. The
Cephalosporium fungal derivatives play a key role in human life and their compounds are the main source of drug production. In

Fusarium solani
Antimicrobial activity
Secondary metabolites

this study, endophytic fungi isolated from healthy plants have showed strong antibacterial and antifungal ac-
tivity against common laboratory bacteria and root infecting fungi. They also showed strong nematicidal po-
tential against Meloidogyne javanica, the root knot nematode. GC-MS spectroscopy of oily fractions from my-
celium of Fusarium solani and n-hexane fraction of culture filtrate of Cephalosporium revealed the presence of
several compounds and some of them are new from this source. The ability of endophytic fungi to produce
bioactive compounds with pharmaceutical and agricultural potential may lead in the pursuit of new biological

agents for drug discovery and agrochemicals.

1. Introduction

Endophytic fungi are the organism widely found inside the tissues of
most of the plant species (Strobel and Daisy, 2003). But they are dif-
ferent from pathogens in a way that they lead disease development and
lower the fitness of plants, while endophytic fungi inhabit above and
below ground tissues of hosts without causing any disease and are
mostly found in the divisions of land plants (Zimmerman and Vitousek,
2012). Endophytes often form interactions with their host in a way both
get benefit from each other (Deshmukh et al., 2006). Land plants and
fungal endophytes interacted approximately 400 million years (Krings
et al., 2007; Jia et al., 2016) and established an interactions with their
hosts, such as growth stimulation, tolerance to salt stress, and induction
of systemic and local resistance to phytopathogens (Lahrmann et al.,
2013). Phomopsis sp., produce indole-3-acetic acid, piperine, and gib-
berellic acid to enhance plant growth (Chithra et al., 2017) and Peni-
cillium may produce gibberellins to reduce salt stress (Leitao and
Enguita, 2016). Secondary metabolites from endophytic fungus Ni-
grospora oryzae, isolated from leaves of Combretum dolichopetalum, have
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potential against diabetic (Uzor et al., 2017). Many bioactive molecules
obtained from most of the endophytic fungi (Strobel, 2006) are con-
sidered more active metabolically because of their role in the en-
vironment and they activate numerous metabolic pathways in order to
exist in their host tissues (Strobel and Daisy, 2003).

Food production must be increased in order to meet the rapidly
growing population of the world, but plant diseases may cause severe
crop losses (Aliye et al., 2008). According to estimates plant diseases,
may cause 26% yield losses to agricultural crops (Khan et al., 2009).
Each year billion of dollars losses occur, just because of plant pathogens
such as species of Rhizoctonia, Verticillium, Fusarium, Macrophomina and
Sclerotinia (Shafique et al., 2016). Biological control of plant disease is
an alternate to chemicals but actual use of biological control agents in
disease management is very few, due to their limited efficacy and in-
consistent performance under filed condition. Discovery of new po-
tential biocontrol agent active against wide range of pathogens is ut-
most need of time. Similarly, emergence of virulent strains of infectious
agents, occurrence of resistance among them against well-known anti-
biotics, besides their side effects they are advocating to continue the

Received 20 November 2018; Received in revised form 10 February 2019; Accepted 12 February 2019

Available online 25 February 2019
1878-8181/ © 2019 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/18788181
https://www.elsevier.com/locate/bab
https://doi.org/10.1016/j.bcab.2019.101043
https://doi.org/10.1016/j.bcab.2019.101043
mailto:sehaq@uok.edu.pk
https://doi.org/10.1016/j.bcab.2019.101043
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bcab.2019.101043&domain=pdf

H. Farhat, et al.

discovery of new antimicrobial agents. The aim of the study is to isolate
endophytic fungi from healthy plants and evaluate the production of
secondary metabolites from potential isolates based on their activity
against common laboratory bacteria, pathogenic fungi and plant para-
sitic nematode. Isolation and characterization of compounds are also
reported here from two potential fungi.

2. Methods
2.1. Collection of plant samples

Wild and cultivated healthy plants were collected from University of
Karachi and different agricultural fields of Karachi like Memon Goth,
Malir and Kathor and isolation of endophytic fungi were made within
24 h.

2.2. Isolation and identification of endophytic fungi

To isolate endophytic fungi, 1g of plant samples (stem, root and
leaf) were washed carefully with tap water and 1% bleach [Ca (OCl), ]
was used for sterilization for 3 min, then with (70%) alcohol for 3 min
and finally washed with distilled water. Each sample was crushed in
sterile grinder with sterilized water (50 ml) and dilutions was made up
to 1:10* and 0.1 mL suspension from final dilution was poured onto a
Petri-dish having Potato Dextrose Agar (containing penicillin 100000
units/liter and streptomycin 0.2 gm/liter). At 28 °C, plates were in-
cubated for 5 days and identification of endophytic fungi was made
with reference to, Barnett and Hunter (1998); Booth (1971); Domsch
et al. (1980); Dugan (2006); Ellis (1971) and Nelson et al. (1983).

2.3. Determination of antifungal activity of endophytic fungi in dual culture
plate assay

To test antifungal activity of endophytic fungi, common root rotting
fungi such as Fusarium solani, F. oxysporum, Macrophomina phaseolina,
and Rhizoctonia solani were used. Disc of 5 mm of endophytic fungi was
placed on one sides of the Petri dish (90 mm) containing Czapek's Dox
Agar having pH (7.2). On other side of the Petri dish, disc of 5mm of
pathogenic fungus was placed and at 28 °C plates were incubated for 5
days. To check their activity, inhibition zone was measured and ex-
pressed in terms of mm (Korejo et al., 2014).

2.4. Preparation of culture filtrate and their antimicrobial activity

Endophytic fungi were grown in conical flasks of 500 ml containing
Czapek's Dox broth (300 ml). 5 mm disc of fungi was inoculated in each
flask. The flasks were incubated for 15 days (25-30 °C). Fungal broth
was filtered over Whatman filter paper after 15 days and filtrate was
exposed to chloroform vapors to kill any propagule of fungi, if left. For
antifungal activity of secondary metabolites of fungi, disc of thick filter
paper were loaded with different concentration of culture filtrate (20,
40 and 60 pl/disc) and dried under laminar flow hood. Discs were
placed at periphery of plates containing Czapek'sDox Agar. Test fungus
was inoculated in the center of the plates. Discs of sterile broth was used
as control, while disc of 20 pg/disc of carbendazim considered as a
positive control. At 30 °C plates was incubated for 5-7 days and dis-
tance was measured between disc and test fungus (Qureshi, 2003). For
the determination of antibacterial activity of culture filtrate, bacterial
lawn was prepared with the help of sterilized cotton swab and disc of
control and culture filtrate were placed at different places in Petri dish
having Trypticase Soya Agar. Streptomycin 10ug/disc was used as po-
sitive control. At 30 °C, plates were incubated for 24 h. Diameter of
inhibition zone were measured, and expressed in mm.
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2.5. In vitro juvenile mortality test

Freshly hatched 1 mL suspension of second stage of juvenile (20
juveniles) of Meloidogyne javanica, a root knot nematode was add along
with culture filtrate (1 ml) of fungus in cavity blocks. Each test had 3
replicates and placed at 26 °C + 5. Mortality rate of juveniles were
observed after 24 and 48 h under stereo-microscope. Dead nematode
did not show movement when probed with a needle (Cayrol et al.,
1989).

2.6. Fractionation of culture filtrates of endophytic fungi

Culture filtrate was extracted three times with n-hexane and then
with chloroform by shaking vigorously in a separating funnel. Solvent
layer was allowed to separated out and run off from the aqueous layer.
The extracted volume of each solvent was approximately half of that
filtrate. The n-hexane and chloroform fractions were pooled separately
and dried on a rotary vacuum evaporator (Eyela-NE) and weighed. The
fraction was oily in nature (Hameed et al., 2009).

2.7. In vitro antimicrobial activity of fractions of culture filtrate

A dilution of 1.5 mg/ml of n-hexane soluble fractions were made in
their respective solvent and loaded on a disc of sterilized thick filter
paper (30ug/disc). These discs were used for the determination of an-
timicrobial activity as described in 2.4 (Korejo et al., 2017).

2.8. Extraction of metabolites from mycelium of Fusarium solani and
identification of compounds

10 gm mycelium of Fusarium solani was thoroughly washed with n-
hexane to remove excess water. Then mycelium was extracted in n-
hexane (200 ml) by using soxhlet apparatus for 8 h. Fraction extracted
from mycelium of F. solani was evaporated at 40 °C on rotary vacuum
evaporator till semi gummy mass was obtained. The n-hexane fraction
was oily in nature.

2.9. Analysis of n-hexane fraction by gas chromatography and mass
spectrometry (GC-MS)

Both oily fractions were subjected to GC-MS analysis. GC-MS was
carried out on Agilent 6890 Gas Chromatograph equipped with ZB-SMS
30 m x 0.32ID and 0.25 pm thick film which was hyphenated with Mass
Spectrometer, Jeol, JMS- 600H operational mode was EI having the ion
source at 50°C and their electron energy was maintained at 70 eV.
Volume of carrier gas was placed in between 1.0 and 5.0 pL. Individual
peaks of compounds were assigned by comparing their retention indices
and mass spectra by computer matching against NIST Mass
Spectrometry Data Center (mainlib) NIST#: 352898 ID#: 113419 DB),
National Institute of Standards and Technology, USA and finally com-
pared with Science finder.

3. Results
3.1. In vitro antifungal activity

Cephalosporium sp., Fusarium moniliforme, Fusarium solani were
found to produce more than 15 mm inhibition zones against test fungi
F. oxysporum, F.solani, Rhizoctonia solani and M.phaseolina in dual cul-
ture plate assay. While Curvularia sp., produced inhibition zone more
than 10 mm against all four root rotting fungi (Table 1).

3.2. Antimicrobial activity of culture filtrate and its fractions

The culture filtrate of the endophytic fungi produced more than
10mm zone of inhibition at 60pl/disc against M.phaseolina, F.
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Table 1
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Growth inhibition of Macrophomina phaseolina, Rhizoctonia solani, Fusarium solani and F. oxysporum in dual culture plate assay by the endophytic fungi isolated from

different wild and cultivated plants.

Fungi isolated Code # Name of host Plant part M. phaseolina R. solani F. solani F. oxysporum
Zone of inhibition (mm)*

Cephalosporium sp. SR1 Helianthus annuus L. root 32 19 38 37

Fusarium moniliforme SR111 Helianthus annuus L. root 30 32 38 39

Fusarium solani SXR Solanum xanthocarpum Schrad. & H. Wendl root 17 16 26 19

Curvularia sp. OniR Allium cepa L. root 18 16 30 25

Curvularia sp. BrijS Solanum melongena L. stem 10 11 17 15

@ Average of three replicates.

Table 2

In vitro growth inhibition of Macrophomina phaseolina, Rhizoctonia solani, Fusarium solani and F.oxysporum by culture filtrates of endophytic fungi isolated from wild

and cultivated plant species.

Endophytic fungi Treatments M.phaseolina R.solani F.solani F.oxysporum
Zone of inhibition (mm)
Control 0 0 0 0
+ve Control (Carbendazim 20 pug/disc) 5 7 10 9
Cephalosporium sp. 20 pl/disc 7 11 10 14
40 pl/disc 14 12 13 18
60 pl/disc 18 15 19 21
Fusarium moniliforme 20 pl/disc 7 5 7 9
40 pl/disc 12 11 13 12
60 pl/disc 18 13 18 17
Fusarium solani 20 pl/disc 11 8 6 9
40 pl/disc 17 14 9 15
60 pl/disc 20 17 13 19
Curvularia sp. 20 pl/disc 5 0 4 5
40 ul/disc 11 8 7 9
60 pl/disc 16 9 10 12
Curvularia sp. 20 pl/disc 4 2 5 4
40 pl/disc 5 7 6
60 pl/disc 11 10 13 9

Table 3

In vitro growth inhibition of Staphylococcus aureus, Pseudomonas aeruginosa,
Salmonella typhimurium, Bacillus subtilis and Escherichia coli by culture filtrates of
endophytic fungi isolated from wild and cultivated plant species.

Isolates S.aureus  P.aeruginosa  S.typhimurium B.subtilis  E.coli
Zone of inhibition (mm)
Control 0 0 0 0 0
Cephalosporium 8 11 13 7 9
(+ve)*
20l 7 9 7 0 6
40l 13 16 11 9 14
60 pul 19 20 17 16 19
Fusarium moniliforme 8 11 13 7 9
(+ve)*
20l 0 6 7 0
40l 11 13 9 7 12
60 pl 16 18 15 12 17
Fusarium solani 8 11 13 7
(+ve)*
20l 7 9 7 0 9
40l 12 14 13 8 10
60 ul 16 19 15 14 11
Curvularia sp. (+ve)" 8 11 13 7 9
20l 0 8 7 0 7
40l 12 11 11 0 10
60 pl 15 17 12 0 14
Curvularia sp. (+ve)" 8 11 13 0 8
20 ul 0 0 0 0 6
40l 7 7 7 0 11
60 ul 9 10 11 0 13

2 (+ve) = +ve control (streptomycin 10 pg/disc).

oxysporum, Rhizoctonia solani and F.solani (Table 2). Whereas, against
Gram negative bacteria such as Salmonella typhimurium, Pseudomonas
aeruginosa, and E.coli at 60 pl/disc produced more than 10 mm zone of
inhibition, while, less than 10 mm zone was measured against Bacillus
subtilis and Staphylococcus aureus at 60 pl/disc (Table 3).

n-Hexane soluble fraction of culture filtrate of endophytic fungi was
found effective against E. coli, S.aureus, P.aeruginosa and produced upto
15mm zone of inhibition at 60 ul/disc. n-Hexane fraction was also
found effective against root rotting fungi by producing inhibition zone
more than 10 mm at 40 pl/disc and 20 mm zone of inhibition at 60 ul/
disc against M. phaseolina. More than 15 mm zone of inhibition was
measured at 60 pl/disc against F.solani, R. solani and F. oxysporum
(Tables 4 and 5). Chloroform soluble fraction of Cephalosporium and
F.solani showed strong activity against E.coli and P.aeruginosa and
produced zone of inhibition upto 15 mmat 60 pul/disc (Table 4).
Chloroform soluble fraction of all endophytic isolates showed a zone
ranging from 10 to 15 mm against M.phaseolina, F. oxysporum, F.solani,
and R. solani at 60 ul/disc (Table 5).

3.3. In vitro juvenile's mortality of root knot nematode

Cultural filtrates of endophytic fungi caused killing of nematodes
within 24 and 48h at different degree level. Culture filtrates of
Cephalosporium, F. moniliforme and F.solani showed more than 50%
killing of nematodes after 24h, while after 48h 100% activity was
shown by Cephalosporium sp., (Table 6).

3.4. Spectral data of endophytic Cephalosporium sp. and Fusarium solani

On the basis of mass spectral data hexane soluble fraction
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Table 4

In vitro antibacterial activity of n-hexane and chloroform soluble fractionations of culture filtrate.
Isolates S. aureus P. aeruginosa S .typhimurium B. subtilis E. coli

hexane chloroform hexane chloroform hexane chloroform hexane chloroform hexane chloroform

Control 0 0 0 0 0 0 0 0 0 0
Cephalosporium sp. (+ve)® 18 12 10 7 11 9 7 6 7 7
20 ul 7 8 8 7 6 0 8 0 9
40l 10 8 12 11 13 9 10 8 15 14
60 pul 18 14 21 15 19 11 16 9 21 17
Fusarium moniliforme (+ve)® 7 12 10 7 0 9 11 0 12 7
20 pl 7 8 7 7 0 0 7 7 14 9
40 ul 8 9 11 11 8 8 9 8 18 12
60 ul 9 13 16 16 17 11 11 10 21 19
Fusarium solani (+ve)® 15 12 9 7 12 9 6 7 8 7
20 ul 8 7 10 10 8 8 9 7 9 9
40 ul 9 9 11 11 14 14 13 12 11 11
60 pul 12 11 16 14 17 16 14 15 15 15
? (+ve) = +ve control (streptomycin 10 pg/disc).

(emulsion) of Cephalosporium was found to be mixture of different vo- Table 6

latile compounds such as normal hydrocarbon, cyclopenten, fatty acid,
alcohol, benzene derivatives and terpenoids (Table 7; Fig. 1).

GC/MS spectrum of hexane soluble fraction of F.solani mycelium
indicated the presence of benzaldehyde, benzylAlcohol, 1-propene, and
methyl 3,3-dichloropropenoate, 1,1,2-trichloro-3,3,3-trifluoro (Table 8;
Fig. 2).

4. Discussion

Endophytic fungi colonized healthy plant tissues but do not always
produce noticeable symptoms. This type of interaction is termed as
mutualistic (Carroll, 1988). According to Schulz and Boyle (2005), this
mutualistic interaction can only be temporary and can change with the
passage of time. Therefore, endophytic fungi could assign for those
fungi with an epiphytic phase as well as latent pathogens that live
asymptomatically in the host plant for some period in their life time
(Petrini, 1991). In this study, endophytic fungi isolated from healthy
plants are identified as Cephalosporium sp., Fusarium solani, F. mon-
iliforme and Curvularia sp. Fusarium solani and F.moniliforme are well
known plant pathogens attacking a number of plants (Domsch et al.,
1980; Hameed et al., 2009). It is suggested that well known plant pa-
thogens should be deal with great care even though, they have isolated
from healthy plants.

Endophytic fungi are a sources of wide range of bioactive com-
pounds including terpenoids, alkaloids, quinones steroids,

Table 5

Effect of culture filtrates of different isolates of endophytic fungi on juvenile
mortality of Meloidogyne javanica, the root knot nematode.

Isolates Nematode mortality (%)

24h 48h
Control (Czapek'sDox broth) 0 24.5
Cephalosporium sp. 51 100
Fusarium moniliforme 61 85.6
Fusarium solani 54 94.5
Curvularia sp. 39 79
Curvularia sp. 42 82

LSD(p < 0.05) 1.4 1.6.
!Mean values in the column showing difference greater than LSD value are
significantly different at p < 0.05.

isocoumarins, phenols, phenylpropanoids, lignans, and lactones (Radic
and Strukelj, 2012); (Deshmukh et al., 2014). The drug development
program from the endophytic fungi may play a crucial role in the search
of new leads. Endophytic fungi have a potential in order to produce
bioactive compounds which protect host plant from harmful organisms
(Tan and Zou, 2001). Secondary metabolites produced from endophytes
are reported as a source of inhibitors of different variety of animal and
plant pathogens (Gunatilaka, 2006; Zhao et al., 2011).

In the current study, all five endophytic isolates of fungi showed
promising result against root rotting fungi and gram negative and gram

In vitro antifungal activity of hexane and chloroform soluble fractionations of culture filtrate.

Isolates Concentration of culture filtrate Zone of Inhibition (mm)
M. phaseolina R. solani F. solani F. oxysporum
Control Hexane Chloroform Hexane Chloroform Hexane Chloroform Hexane Chloroform
0 0 0 0 0 0 0 0
Cephalosporium sp. +ve control” 5 10 12 9 10 10 9 15
20pl/disc 9 9 13 12 10 10 15 7
40ul/disc 12 12 15 14 15 13 19 11
60pl/disc 20 17 17 15 23 21 24 14
Fusarium moniliforme +ve control 5 10 7 9 9 10 9 15
20pl/disc 8 8 13 0 10 8 10 5
40pl/disc 13 13 15 9 11 14 14 9
60pl/disc 20 15 19 12 18 17 18 13
Fusarium solani +ve control 5 10 12 9 6 10 9 15
20pl/disc 15 14 8 8 6 6 12 5
40pl/disc 18 17 12 12 11 11 14 9
60pl/disc 21 19 19 15 20 16 15 13

2 +ve control (Carbendazim 20 pg/disc).



H. Farhat, et al.

Table 7
Spectral data of endophytic Cephalosporium sp. isolated from hexane soluble
fraction of culture filtrate.

Systemic name Molecular Mol.wt.  tg (min)
formula
Ethyl iso-allocholate CoeHy405 436 64.175
1,2-Benzenedicarboxylic acid, diisooctyl Cy4H3g04 390 49.311
ester
Eicosanoic acid C1H420, 326 45.06
Methyl 18-methylnonadecanoate Cy1H420, 326 45.065
Octadecanoic acid C10H3g0, 298 93.0
Methyl 16-methyl-heptadecanoate C1oH3g0, 298 39.7
Heptadecanoic acid, 16- methyl C10H3g0, 298 39.749
3,7,11,15-Tetramethyl-2-hexadecen-1-ol CyoH400 296 42.46
Phytol CoHs00 296 42.465
Methyl 9-cis, 11-trans-octadecadienoate C10H340, 294 38.56
Methyl 10-trans, 12-cis-octadecadienoate C10H340, 294 38.563
9,12,15-Octadecatrienoic acid C10H350, 292 38.812
4,14-Retro-retinol CyoH300 286 44.43
Podocarp-7-en-3-one, 13p-methyl-13-vinyl ~ CyoH3oO 286 44.435
3-Eicosyne CyoHag 278 42.465
Hexadecanoic acid C17H340, 270 30.919
2-Pentadecanone,6,10,14-trimethyl C18H360 268 28.078
Methyl hexadec-9-enoate C17H350, 268 30.74
9-Hexadecenoic acid C17H350, 268 30.743
Methyl 7,10,13-hexadecatrienoate C17H250, 264 29.864
2-Cyclopenten-1-one, 2-(2-butenyl)-4- C10H140, 166 17.344

hydroxy-3-methyl

positive bacteria. Endophytic fungi are known to produce substances,
inhibitory to growth of microbes (Atmosukarto et al., 2005; Chomchoen
et al., 2005; Ezra et al., 2004; Liu et al., 2004; Stinson et al., 2003). In
this study, n-hexane soluble and chloroform soluble fractions of en-
dophytic fungi also showed strong antibacterial as well as antifungal
activity. Culture filtrate of these endophytic fungi also showed effective
result against nematode and killed more than 75% of second stage ju-
venile after 48 h. Health problems caused by pathogenic bacteria and
fungi are increasing day by day, whereas endophytic fungi are being
recognized as important sources of secondary metabolites (Schulz et al.,
2002; Strobel and Daisy, 2003). A recent study showed that 51% of
biologically active metabolites isolated from endophytic fungi, most of
them were previously unknown (Schulz et al., 2002). Two potential
fungi that showed a strong anti-microbial property were then brought
for further study and their chemical compounds were analyzed by
GCMS. Chemical compounds obtained from Cephalosporium are Ethyl
iso-allocholate, 3-Eicosyne, Octadecanoic acid, Methyl 16-methyl-hep-
tadecanoate, Heptadecanoic acid, 3, 7, 11, 15-tetramethyl-2-hex-
adecen-1-ol, Methyl 9-cis, 11-trans-octadecadienoate, Methyl 10-trans,
12-cis-octadecadienoate, 4, 14-Retro-retinol, 2-Pentadecanone, 6, 10,
14-trimethy, Eicosanoic acid. The fungus Cephalosporium acremonium
have been reported to possess potent antibiotic activity (Crawford et al.,
1952). In our study, twenty one different volatile compounds were
identified from hexane soluble fraction (emulsion) of Cephalosporium in
which eleven are new compounds from this source. Endophytic fungi
Fusarium solani, from Apodytes (lcacinaceae) produced 9-methox-
ycamptothecin, 10-hydroxycamptothecin (Shweta et al., 2010). In our
study four different compounds were isolated from Fusarium solani and
are characterized as new one as it has not been reported earlier. Fu-
sarium solani is known to produce naphthoquinone compounds (Baker
et al., 1990; Hameed et al., 2009); including fusarubin, anhydrofusar-
ubin, javanicin, norjavanicin, methyl etherfusarubin, marticin, iso-
marticin, bostrycoidia, ethyl ether-fusarubin, solaniol, nectriafusarubin
and dihydrofusarubin lactone (James and Robert, 1983; Tatum and
Baker, 1983; Tatum et al., 1985). In our study 1-Propene,1,1,2 -tri-
chloro-3,3,3-trifluoro compound isolated from endophytic F. solani has
not been reported previously.
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Fig. 1. New compounds from endophytic fungi Cephalosporium sp.
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Table 8

Spectral data of hexane extract of mycelium (oily fraction) of Fusarium solani.
Systemic name Molecular formula  Mol.wt.  tz (min)
1-Propene,1,1,2-trichloro-3,3,3- C3Cl3F3 198 13.009

trifluoro
Methyl 3,3-dichloropropenoate C4H,4Cl,0, 154 6.119
BenzylAlcohol C,HgO 108 11.450
Benzaldehyde C;HeO 106 8.140
Cl
Cl_ L F

1,1,2-trichloro-3,3,3-trifluoroprop-1-ene

Fig. 2. New compound from endophytic fungi Fusarium solani.

5. Conclusions

In this study endophytic Cephalosporium and F. solani showed strong
antifungal, antibacterial and nematicidal activity. This study also re-
sulted in the isolation and identification of new compounds from these
fungi. Findings suggested endophytic fungi have a wide range of novel
antimicrobial compounds, which could be used in drug development
and agrochemical production for protecting agricultural crops from
plant root diseases.
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