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INTRODUCTION

The banana is the top export crop from the Canary islands. It is 
an inherent component of  the region’s culture and its cultivation 
has proved prosperous on many levels, including culturally and 
economically, rendering the banana an epitomising symbol for the 
islands. With all of  its different varieties, the banana boasts the 
title of  most consumed fruit in the world. In 2011, the total sur-
face area of  banana crops was estimated at 5.3 million hectares, 
with a total production of  107.1 million metric tonnes (Potts et 
al., 2014). The Cavendish subgroup represents almost 47% of  ba-
nana production. It is cultivated mainly in Latin America and the 
Caribbean, but also in Asia (Philippines) and Africa (Cameroon, 
Ivory Coastand the Canary Islands SP) (Soto, 2011). This crop is 
susceptible to certain pests and diseases, incidences of  which can 
negatively affect growth and production. The most common dan-
ger is Panama disease, a disease caused by Foc (Fusarium oxysporum 
f.sp cubense) races 1 and 3. Panama disease was responsible for 
the decline in the cultivation of  the highly sensitive Gros Michel 
subgroup and allowed Cavendish cultivars to overtake Gros 
Michel territory. In the 1990’s, Foc race 4 was detected in crops 
in Southeast asia, proving greatly detrimental to the Cavendish 
variety. Other serious diseases that cause significant losses and 

dictate farmers’ expenses are Black Sigatoka (Mycosphaerella fijien-
sis), Banana bunchy top virus (BBTV, Babuvirus, Naniviridae) and 
Moko (Ralstonia solanacearum race 2).

The lack of  efficient chemical-based approaches along with 
an increasing demand for organic products have led to research 
on effective alternatives in the management of  these pests 
and pathogens. One alternative under investigation is the use 
of  endophytic microorganisms, especially bacteria and fungi. 
These microorganisms exist ubiquitously in plant hosts, living 
asymptomatically in the host (Bacon and White, 2000; Nisa et al., 
2015) and providing them with defense mechanisms against pests, 
pathogens and adverse environmental conditions. Endophytes are 
of  interest for pharmacological and industrial purposes (Alvin et al., 
2014; Aly et al., 2010; Chapla et al., 2013), and have also attracted 
attention for their potential use in controlling pests and diseases of  
cultivated plants (Giménez et al., 2007; Gond et al., 2010).

Therefore, we have studied 12 fungal endophytes in banana 
plants for their possible use in protecting the crop against diseases 
provoked by species of  Fusarium, Phoma, Cladosporium, Geotrhichum, 
Cladosporium and Alternaria. In order to determine means of  
reducing the damage caused by Panama disease, this study has 
investigated direct endophytic action on Foc (isolated from banana 
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crop in Tenerife). The study of  this disease and the 
evaluation of  the effectiveness of  control measures is 
complicated by various factors: the existence of  more 
than 20 compatible vegetative groups, the different 
evolutionary lines of  Foc and the paucity of  existing 
studies on the effectiveness of  control measures for 
more than one growing season (Ploetz, 2015).

Several studies have attempted to evaluate the 
antagonistic capacity of  endophytes isolated from banana 
against Foc (Cao et al., 2004, 2005), verifying the ability 
of  these harmless microorganisms to induce acquired 
resistance (SAR) against this pathogen (Wu et al., 2013) 
or against the root-knot nematode Similis radophulus (Vu 
et al. 2004, 2006). Inoculating bananas with endophytes, 
especially F. oxysporum innocuous isolates, showed that 
these strains significantly reduce nematode populations 
(Athman et al., 2006; Waweru et al., 2013, 2014), which 
could represent an effective alternative to the use of  
chemical nematicides. Endophytes have also been used 
against Bunchy top virus to enhance the resistance of  
cultivated varieties (Harish et al., 2008, 2009; Kavino et 
al., 2007, 2014) and have similarly been investigated in 
seeking to reduce the incidence of  Sigatoka disease.  

MATERIALS AND METHODS

Plant Collection and Endophyte Isolation

Healthy banana plants were selected from plantations of  
different ages on the islands of  Tenerife (Buenavista y Las 
Galletas) and La Palma (San Andres y Sauces, Tazacorte) 
in the Canary Islands. Isolation of  endophytes was per-
formed as per Núñez-Trujillo (Núñez-Trujillo et al., 2013).

Genomic DNA Extraction, Amplification and 
Identification 

The isolates were studied based on their morphology, 
both macroscopic and microscopic elements, to differ-
entiate the various taxonomic units (OTUs). The slides 
were made from colonies 5–10 days old and stained 
with cotton blue. 

The extraction procedure was carried out as 
described by Cosoveanu  et al., 2016a. The molecular 
identification of  the fungal strains was performed using 
ITS1 (5′-TCCGTAGGTGAACCTGCGG-3′) and ITS4 
(5′-TCCTCCGCTTATTGATATGC-3′) primer pair to 
amplify the 5.8S rDNA and the two internal transcribed 
spacers ITS1 and ITS2 (White et al., 1990). PCRs were 
performed according to Shu  et al., 2014. Samples 
were sequenced by the sequencing services SEGAI 
of  the University of  La Laguna (Tenerife, Spain). The 
sequences were run through the BLASTN search 
page using Megablast program (National Center for 
Biotechnology Information) where the most identical 
hits were obtained.

Fungal Endophytes Cultivation and Obtainment of 
Crude Extracts

Twelve endophytic fungi were cultivated on rice 
and extracts were obtained according to Cosoveanu 
(Cosoveanu et al., 2014). Each endophytic isolate was 
extracted both in ethanol and ethyl acetate. Four bioac-
tive extracts were fractionated by vacuum liquid chro-
matography (VLC) in silica gel (Zsoter et al., 1994). 
Fractions were eluted with mixtures of  Hex-EtAc and 
EtAc-MeOH, with increasing polarities. Five fractions 
were obtained of  each extract (FR1= Hex, FR2= Hex-
EtAc 50:50, FR3= EtAc, FR4= EtAc-MeOH 50:50, 
FR5= MeOH). 

Dual Culture Bioassay

Dual culture technique was employed to determine 
which endophytic fungi (EF) produced metabolites that 
inhibit Alternaria alternata, F. oxysporum f.sp. lycopersici, F. 
oxysporum f.sp cubense, F. moniliforme, Phoma sp., Geotrichum 
spand Cladosporium sp. growth in vitro. PDA plates were 
incubated at 25ºC in darkness for 7 days and observed 
daily. Antagonism was determined by the following 
criteria:
Class 0: No apparent interaction 
Class 1:  Mycelia grow until touching each other, and 

morphological changes occur in the area where 
contact is made 

Class 2:  Slight growth inhibition of  both fungi with nar-
row demarcation line (1–2 mm)

Class 3:  Pathogen growth is detained at a certain distance 
from the endophyte (>2 mm)

Antagonism was used as preliminary bioassay to 
select active endophytic isolates for further studies.

Agar Dilution Bioassay

Tests were carried out to determine the biological ac-
tivity of  extracts using biometric agar dilution method. 
The extracts were incorporated into PDA as follows: 
0.1, 0.5 and 1 mg ml−1. The final percentage of  etha-
nol in the media was adjusted to a concentration of  
1% (v/v). Plates containing the solvent (ethanol) were 
used as negative control. Each pathogen was spot-in-
oculated at eight equidistant points in PDA plates with 
added plant extracts at tested concentrations. Three 
replicates were used per treatment. For each extract 
and concentration, inhibition of  radial growth com-
pared with the control was calculated after 48 hours of  
incubation at 27ºC, in the dark. The radial growth was 
measured with an image-processing software ImageJ - 
Wayne Rasband (NIH). 

Results were expressed as effective concentration 
EC50 (the concentration which reduced mycelial growth 
by 50%), determined by Probit analysis of  radial growth 
inhibition values (%) against the log 10 values of  the extract 
concentrations (IBM SPPS Statistics v.21 Software).
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the success of  using pure culture extract of  the active  
microorganism. Present results do not reveal equivalence  
between results obtained through dual culture and dilu-
tion agar assays (Tables 1, 2). Possible explanations for 
this discrepancy were previously discussed by Bertrand 
(Bertrand et al., 2013).

Anti-fungal Activity- Agar Dilution Bioassay

Of  the 12 tested extracts, four of  them had a percent-
age of  inhibition (%I) higher than 40 at 1 mg ml−1 and 
all were active against Fusarium species only: the etha-
nolic extract 956 showed a %I against F. moniliforme 
of  61.51; the ethyl acetate extract 957 is active when 
tested against F. oxysporum f.sp. lycopersici (%I = 43. 99) 
and F. moniliforme (%I = 45. 26). The ethyl acetate ex-
tract 964 showed activity against all three tested spe-
cies of  Fusarium with %I values of  54.85, 56.69 and 
50.14 for F.oxysporum f.sp. lycopersici, F. moniliforme and 
F. oxysporum f.sp cubense, respectively. Finally the etha-
nolic extract 965 had an inhibitory activity against F. 
moniliforme (PI = 56.05) and F. oxysporum f.sp cubense 
(%I = 44.48). The results showed negligible activity 
against the other pathogens, and even negative %Is 
– indicating that the extract stimulates the growth of  
pathogens, rather than reducing it. 

The four extracts which showed a %I greater than 40 
[at 1mg ml−1] against at least one of  the target organisms 
(Table 3) were fractionated on column chromatography 
and assayed (Table 4). In the case of  extract, 964 the 

Volatile Organic Compounds (VOCs) Bioassay

Antifungal volatile organic compounds (VOC) activity 
was determined for the endophytic fungi which showed 
antagonist bioactivity (>2 mm) using dual PDA plates. 
Pathogen-containing plates were placed over endophyt-
ic-containing plates, sealed and incubated at 25°C for 1 
week. Interpretation of  the results was made according 
to Cosoveanu (Cosoveanu et al., 2016b).

RESULTS

Anti-fungal Activity- Dual Culture Bioassay

Frequently dual culture assays are performed for se-
lection of  active microorganisms for future bioactiv-
ity assays. All three endophytic isolates of  Penicillium 
(P1a, P3a and T2) inhibited at least one phytopathogen 
using the highest criteria of  interpretation (Bacon and 
White, 2000) (Table 1). Previous results from isolate 
T2 showed high antagonistic capacity against F. ox-
ysporum f.sp cubense (Núñez-Trujillo et al., 2013) which 
were not confirmed in the present study. Issues related 
to conservation of  the fungi may interfere with their 
response once in culture. Aspergillus versicolor isolate 
acted as a powerful antagonist against F. oxysporum 
f.sp cubense and A. alternata. Phytopathogens Phoma sp. 
and Cladosporium sp. were not inhibited by any of  the 
tested endophytic isolates. Although a routine proce-
dure, dual culture assays will not necessarily predict 

Table 1:  Anti-fungal activity of dual culture assay. Results are expressed in criteria values.

Code EF species F.o. F.m. Foc A.a. Geotrichum sp Phoma sp Cladosporium sp

P1a Penicillium sp 3 2 1 3 1 0 0

P3a Penicillium sp 3 0 3 2 0 0 0

P4 Chaetonium sp 0 0 0 1 3 0 0

P5 Chaetonium sp 0 0 0 0 0 0 0

P6a Aspergillus versicolor 2 2 3 3 0 0 0

P7a Aspergillus oryzae 0 0 0 0 0 0 0

P8 Aspergillus oryzae 2 0 0 1 0 0 0

P10 F. oxysporum 3 0 0 0 0 0 0

P12 Aspergillus sp. 0 0 2 1 0 0 0

P15 Aspergillus oryzae 0 0 0 2 0 0 0

T2 Penicillium radicum 2 3 1 0 0 0 0

TF5 Aspergillus awaromi 0 0 0 0 0 0 0

F.o. - Fusarium oxysporum, F.m. -. Fusarium moniliforme, Foc - Fusarium oxysporum f.sp. cubense, A.a. - Alternaria alternata; Interpretation criteria: 0 -  no 
apparent interaction; 1 - Mycelia grow until touching each other, and in the area where the contact is produced morphological changes occur; 2 -  slight 
growth inhibition of both fungi with narrow demarcation line (1–2 mm); 3 - Pathogen growth is detained at a certain distance from the endophyte (>2 mm).



 38 Andreea Cosoveanu

Journal of Agriculture Biotechnology | Volume 01 Issue 01 | Page 35–43

Table 2: Preliminary anti-fungal activity of the fungal endophytic extracts. Results are shown as percentage of inhibition [1 mg ml−1] and 
standard deviation (SD).

Target phytopathogens

EF species Solvent Extract F.o. F.m. Foc Geot. Phoma Clad. A.a.

P1a 
Penicilliumsp. EtAc 955

35,07 
(13,7)

18,46  
(8)

29,95  
(27)

0,31 
(46,76)

2,28 
(22,04)

0  
(12,15)

0  
(10,22)

EtOH 961
14,78 
(34,34)

31,71 
(15,4)5)

0 
 (36,53)

0 
 (38,46)

0  
(37,38)

3,87 
(17,33)

0  
(14,5)

P4  
Chaetonium sp. EtAc 983

0  
(8,52)

0  
(5,13)

23,28 
(5,26)

0 
(11,57)

0  
(11,62)

0  
(17,38)

26,77 
(9,03)

EtOH 984
0  

(23,97)
0  

(7,46)
19  

(8,16)
0  

(12,6)
9,98 

(16,23)
0  

(18,61)
0  

(32,13)

P5  
Chaetonium sp. EtAc 985

0  
(9,81)

0  
(6,9)

17,99 
(2,01)

0  
(21,67)

6,65 
(7,6)

0  
(14,22)

12,86 
(7,94)

EtOH 989
5,66  
(6,93)

0  
(39,24)

0  
(2,99)

0  
(25,3)

11,02 
(26,04)

0  
(15,18)

17,24 
(10,03)

P6a 
Aspergillus 
versicolor

EtAc 990
0,46  
(4,75)

2,5  
(6,44)

0  
(2,64)

0  
(21,29)

10,09 
(21,36)

0  
(61,59)

16,21 
(5,37)

EtOH 991
3,83 

 (7,51)
0  

(5,07)
0  

(7,5)
0 

(22,53)
−0,94 
(17,35)

0  
(12,85)

30,28 
(11,62)

P7a 
Aspergillus 
oryzae

EtAc 962
19,5  
(8,22)

11,25 
(6,02)

14,3  
(6,74)

0  
(35,75)

−6,59 
(36,89)

0  
(14,31)

−11,68 
(15,64)

EtOH 986
0  

(90,82)
0  

(6,75)
8,13  
(1,45)

0  
(18,49)

0,95 
(11,43)

0  
(7,21)

2,54  
(4,99)

P8  
Aspergillus 
oryzae

EtAc 963
31,28 
(4,49)

26,48 
(11,55)

18,58 
(12,1)

0  
(13,56)

−0,25 
(14,97)

16,58 
(9,92)

27,46 
(2,36)

EtOH 966
17,56 
(5,58)

30,84 
(26,66)

14,33 
(16,3)

11,95 
(8,95)

−5,48 
(19,91)

0  
(9,79)

26,52 
(2,63)

P10  
F. oxysporum EtAc 959

22,05 
(5,53)

26,48 
(11,55)

0  
(7,19)

0  
(23,12)

−31,18 
(23,22)

10,62 
(16,39)

0  
(10,2)

EtOH 1037
0  

(15,45)
0  

(5,64)
7,7  
(9,9)

18,74 
(26,69)

8,58 
(15,66)

0  
(11,66)

0  
(7,06)

T2  
Penicillium  sp 
sradicum

EtAc 992
4,22  
(3,98)

0  
(4,3)

0 
 (5,76)

0  
(23,54)

2,06 
(10,02)

0  
(29,3)

0  
(5,59)

EtOH 993
6,85  
(8,58)

11,92 
(10,97)

37,6 
(16,06)

18,31 
(14,22)

0,98 
(12,17)

0  
(46,51)

23,23 
(17,75)

TF5  
Aspergillus 
awaromi

EtAc 987
0  

(32,39)
11,5 

(10,44)
0  

(8,79)
0  

(32,77)
−8,85 
(18,64)

54,5  
(24,4)

16,71  
(9,2)

EtOH 988
0  

(18,12)
0  

(6,3)
8,3  

(9,74)
0  

(25,76)
6,7  

(9,27)
0  

(24,77)
2,74  
(6,3)

F.o. - Fusarium oxysporum, F.m. - Fusarium moniliforme, Foc - Fusarium oxysporum f.sp. cubense, A.a. - Alternaria alternata, Geot - Geotrichum sp.,Clad - 
Cladosporium sp.
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Table 3: Anti-fungal activity of the fungal endophytic extracts. Results are shown as EC50, percentage of inhibition [1, 0.5 and 0.1 mg 
ml−1] and standard deviation (SD).

Target phytopathogens

EF  
species

Extract [mg ml−1] F.o. F. m. Foc Geotrichum 
sp

Phoma 
sp

Cladosporium 
sp A. a.

Penicillium 956 1
37,96  
(5,92)

61,51 
(5,87)a

30,19 
(6,39)

−19,51 
(71,31)

−11,5 
(−28,01)

−2,57 
(14,39)

29,9 
(11,19)

EtAc 0,5 45,612,5)a

P3a 0,1 8,54 (9,28)a

EC50
0,74  

(0,64–0,86)

958 1
30,39 
(7,58)

20,87  
(5,6)

14,32 
(25,34)

−0,14 
(22,16)

−42,8 
(27,41)

−9,68 
(10,45)

4,55 
(11,07)

EtOH 0,5

0,1

Aspergillus 957 1
43,99 

(88,39)a
45,26 
(8,14)a

−31,73 
(13,81)

8,1 
(10,79)

−43,29 
(36,17)

2,33 
(19,61)

13,6 
(10,07)

EtAc 0,5
36,74 
(5,09)a

17,9  
(10,78)b

P12 0,1 11,19(6,97)b −1,53(16,6)b

EC50
1,11  

(0,95–1,41)
1,10  

(0,91–1,49)

960 1
11,08  
(11,39)

34,44 
(9,73)

−27,38 
(13,81)

−23,89 
(18,86)

−17,52 
(22,59)

−13,21 
(20,31)

−4,61 
(5,92)

EtOH 0,5

0,1

Aspergillus 964 1
54,85 
(2,71)a

56,69  
(5,64)a

50,14 
(8,3)a

−39,99 
(27,42)

−38,98 
(22,86)

−3,32 
(24,07)

33,48 
(2,82)

oryzae EtAc 0,5
39,93  

(13,73)b
39,99  
(5,11)b

22,35
(6,3)b

0,1 37,82(8,5)b 33,11(12,8)b 22,96(6,28)b

EC50
0,83  

(0,59–1,41)
0,79  

(0,63–1,05)
1,09  

(0,91–1,42)

P15 965 1
32,85 
(5,16)

56,05 
(2,47)a

44,48 
(4,11)a

10,04 
(9,95)

−4,87 
(10,83)

−61,23 
(20,02)

32,53 
(3,95)

EtOH 0,5 40,61(5,25)b
27,95 
(8,64)b

0,1 38,9(9,73)b 10,94(5,38)c

EC50
0,77  

(0,60–1,05)
1,09  

(0,97–1,27)

Metil 4- 
hidroxibenzoate

EC50
0.14 

(0.13–0.16)
0.12  

(0.11–0.13)
0.18 

(0.16–0.2)

F.o. - Fusarium oxysporum, F.m. -. Fusarium moniliforme, Foc - Fusarium oxysporum f.sp. cubense, A.a. - Alternaria alternata; (*) Values with same 
letter are not significantly different (U test p < 0.05).
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hexanic fraction was active against F. moniliforme (%I = 48) and 
ethyl acetate fraction against F. oxysporum f.sp. lycopersiciand F. 
moniliforme (%I = 47 and 55, respectively). Similar activity 
was obtained with fractions of  extract 965. Hexanic 
fractions of  endophytic fungi were previously reported 
as active against F. oxysporum (Chowdhary et al., 2015). 
Although the extracts 956 and 957 had 61.51% and 45% 
growth inhibition against F. moniliforme, their fractions 
did not show any activity - fractions might lose important 
functional groups or an extract may contain various 
biologically active compounds which, upon separation, 
lose their synergistic effect.

As for fractions yield, the highest percentages were 
observed in Hex-EtAc fraction in three of  the four 
tested extracts except 965 where the ethyl acetate 
fraction had a higher yield.

Table 4: Anti-fungal activity and yield of fractions eluted from Vacuum Liquid Chromatography. Results are shown as percentage of 
inhibition [1 mg ml−1] and standard deviation (SD).

Fractions Yield % F.oxysporum F. moniliforme Foc.

956-P3a EtAc FR1 0,66 0 (6,32)

FR2 38,97 0 (6,72)

FR3 8,38 20,4 (7,56)

FR4 16,53   14,25 (2,45)

FR5 4,13   15,4 (8,98)

957-P12 EtAc FR1 0,76 0 (14,85) 0 (9,83)

FR2 35,69 0 (15,55) 0 (−35)

FR3 2,92 0 (16,38 0 (33,82)

FR4 5,34 0 (39,44) 0 (28,53)

FR5 2,62 0 (43,31) 0 (339,8)

964-P15 EtAc FR1 0,34 0 (10,21) 48,02(13,49) 5,64(17,22)

FR2 24,09 0 (5,51) 0 (6,76) 0 (11,25)

FR3 22,5 47,1(2,98) 55,1(9,98) 10,54(8,04)

FR4 7,92 11,06(8,73) 3,7(19,34) 26,2(11,53)

FR5 14,13 2,83(4,62) 0 (10,14) 35,23(14,64)

965-P15 EtOH FR1 0,3 36,41(14,37) 7,22 (6,76)

FR2 6,23 17,63 (7,31) 16,52 (9,69)

FR3 24,34 47,94 (19,84) 38,1(6,72)

FR4 1,7 0 (15,08) 0 (10,92)

FR5 3,28 −14,86 (7,27) 33,77 (8,68)

Anti-fungal Activity- Volatile Compounds Bioassay

VOC assays were performed to detect the presence and de-
termine the effect of  volatile products on behaviour in the 
development of  pathogens and endophytes (Cosoveanu 
et al., 2016b). Endophytes were selected based on antago-
nistic activity (Table 1). Results indicate that Pencillium sp. 
inhibits (%I = 59.72) the pathogen F. oxysporum (Table 5). 
Antagonistic effects of  Penicillium on Fusarium sp. were 
previously reported (Ramalingam et al., 2014). On the 
other hand, when confronted with A. alternata, the patho-
gen and endophyte compete for growth and inhibit each 
other; although with insignificant percentages.

 In dilution agar assays, P1a ethyl acetate extract 
(955) showed a slight inhibition (%I = 35 at 1mg ml−1) 
of  F. oxysporum and the ethanolic extract (961) displayed 
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even less inhibition against F. moniliforme (%I = 31.71). 
Another isolate of Penicillium (P3a) exhibits opposed 
results comparing the interactions with F. oxysporum and 
F. oxysporum f.sp cubense. It lightly inhibited F. oxysporum 
(%I = 4.34) growth while the pathogen promoted the 
endophyte’s growth; yet, with F. oxysporum f.sp cubense 
the roles change, this time with a higher value of  
inhibition (%I = 31.99). The growth of  the pathogen 
Geotrichum sp. was favoured by the endophytic strain P4 
which was, in turn, inhibited by the pathogen. Another 
interesting case is the interaction between two isolates 
of  F. oxysporum: the endophyte P10 and the pathogen - 
the latter stimulating the growth of  the endophyte while 
being, itself, inhibited. Yet, the extract of  the endophyte 
had no inhibitory action. Mutual inhibition is observed 
between P. radicum (T2) and F. moniliforme. 

CONCLUSION

In summary, dual culture bioassays revealed all three 
endophytic isolates of  Penicillium as well as A. versicolor 
isolate to be powerful antagonists of  phytopathogens 
like Fusarium and Alternaria. Further inoculation tests in-
vestigating the interactions of  these pathogens in plants 
would be of  interest. 

Agar dilution bioassays showed three endophytic 
ethyl acetate extracts to be active against all tested 
Fusarium species. A. oryzae hexanic and ethyl acetate 
fractions were highly inhibitory, most predominantly 
against F. moniliforme. The ethyl acetate fraction obtained 
from A. oryzae isolate proved of  interest in terms of  both 
yield and its bioactivity against all three phytopathogenic 
species of  Fusarium. This would suggest that the active 
compounds of  this fraction would be of  interest for 
further study.

VOC assays showed Penicillium sp. endophytic isolates 
to inhibit pathogenic F. oxysporum, the same strain of  
Penicillium sp. presenting the lowest EC50 of  all tested 
extracts (against F. oxysporum). The VOC assays also 
revealed F. moniliforme and F. oxysporum to be the most 
susceptible to the inhibitory effects of  the volatile 
organic compounds of  various endophytes. 
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Core: Twelve fungal endophytic isolates of Penicillium, Aspergillus, Chaetomium and Fusarium were tested against phytopathogenic 
species of Fusarium, Alternaria, Phoma, Cladosporium and Colletotrichum. The endophytic isolates were solvent extracted in ethanol 
and ethyl acetate and six bioactive extracts, obtained from three endophytic isolates, were further fractionated. Agar dilution bioassays 
showed three ethyl acetate and one ethanolic extract to be highly active against Fusarium species, with EC

50 
between 0.74 and 1.11 mg 

ml−1. Column chromatographic fractionation of six bioactive extracts decreased the inhibition potential of four extracts while fractions 
obtained from both ethyl acetate and ethanol extracts of A. oryzae fungal endophyte maintained mycelium inhibition of Fusarium 
species. Dual culture bioassays showed activity of all endophytic strains against at least one pathogen. VOC assays showed Penicillium 
sp. endophytic isolates to inhibit F. oxysporum, the same strain of Penicillium sp. presenting the lowest EC

50
 of the tested extracts in the 

agar dilution assays.
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