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Abstract

Endophytic fungi have been isolated from Artemisia austriaca (isolates HRO184, HRO183, HRO169 and HRO115), A.
vulgaris (isolate HRO158) and A. thuscula (isolates HLP7, HLP26, HLP27, and HLP44) in Romania and La Palma,
Canary Islands, Spain. The strains were studied for their bioactivity against phytopathgenic fungi (Alternaria alternata,
Alternaria dauci, Alternaria brassicicola, Fusarium oxysporum, Fusarium solani, Fusarium moniliforme, Sclerotinia
sclerotiorum, Botrytis cinerea, Phoma sp., Geotrichum sp. and Cladosporium sp.) using dual culture, agar dilution and
volatile compounds (VOC) techniques. In dual culture assays, all Canarian isolates were strong antagonists of at least
one pathogen and two Romanian isolates, HRO169 against S. sclerotiorum and HRO158 against A. brassicicola. In
VOC assays, a difference was observed between slow growth isolates (1-2 cm/week) and normal growth (4-5 cm/week),
therefore three moments of fungal pathogen inoculation were used: after three and five days from the endophyte
inoculation. The highest inhibition gradually produced by the volatile compounds was observed with HLP44 isolate
against Cladosporium sp. (%l = 31.5) at 7" day. Solvent extracts were obtained from HRO169, HRO158, HLP44,
HLP27 and HLP7 isolates and further two of them (HROI158 and HLP44) were fractionated using vacuum-liquid
chromatography eluted with n-hexane:EtAc:MeOH gradient to give seven fractions. Extract obtained from HLP44
isolate strongly inhibited A. brassicicola (%l = 44), F. moniliforme (%I =52.78) and S. sclerotiorum (%I = 50.4), at
0.1mg ml'. Ethyl acetate fraction was the most active against A. brassicicola, F. solani and B. cinerea (%I = 42.68,
59.17 and 49.36, respectively, at 0.1mg ml") followed by the EtAc:MeOH (90:10) fraction which also inhibited A.
brassicicola and F. solani (%I = 35.83 and 39.53, respectively).
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INTRODUCTION cade of endophytic species dwelling in medici-

nal plants revealed bioactivity features in vari-
Fungal endophytes are microorganisms that ous studies (Li et al, 2005; Raviraja et al, 2006;
live in the intercellular spaces of stems, peti-  Chowdhary and Kaushika, 2015; Purwantini et
oles, roots and leaves of plants without causing  al, 2015). The symbiotic relation between the
observable manifestation of their existence  endophyte and its host is considered ‘defensive
(Strobel and Long, 1998). Same substances can ~ mutualism’ id est the resistance of the host to
be produced by both endophytes and plants pathogens, phytophagous insects and environ-
(Stierle et al, 1993; Strobel et al, 1997; Lee et mental conditions increases; secondary metabo-
al, 1995; Kusari et al, 2008). According to lites are involved in most cases (Gonzalez-
Strobel (2002), plants with medicinal value or Coloma et al, 2016). An array of compounds
unusual longevity, plants that survive under  belonging to various chemical groups are me-

extreme conditions often harbour potential fun- tabolized by endophytic fungi such as phenols,
gal endophytes that produce bioactive metabo- steroids, flavonoids, quinones, terpenoids, xan-
lites. Medicinal plants are revealed as host en-  thones, peptides, alkaloids, aliphatic com-
dophytes which in turn provide protection from  pounds, phenylpropanoids, isocoumarins, ben-
infectious agents (Strobel et al, 2002). A caval- zopyranones, tetralones, cytochalasines and
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enniatines (Schulz et al. 2002, Rocha et al.
2011, Schulz and Boyle 2005, Aly et al. 2010,
Santos et al, 2003). New compounds were iso-
lated from endophytes inhabiting Artemisia
annua (Ge et al. 2010; Lu et al, 2000) and
Erythrina crista-galii (Weber et al, 2004). The
production of antioxidant compounds by plants,
like phenolic acids and their derivatives (Huang
et al., 2007), isobenzofuranones (Strobel et al.,
2002), isobenzofurans (Harper et al., 2003), as
well as mannitol and other carbohydrates
(Richardson et al., 1992), is attributed to the
presence of reactive oxygen species (ROS)
generated by endophytes (Gonzalez-Coloma et
al, 2016). Volatile compounds (VOCs) are also
produced by fungal endophytes among other
microorganisms, but less is known about the
pathways in which they are produced. Many of
them are either metabolic transformation prod-
ucts of lipids, proteins, heterocyclic metabolites
or other components of living tissues or degra-
dation end-products (‘waste products’) of fun-
gal catabolic pathways (Bennett et al, 2012).
Species of endophytes produce antifungal and
antimicrobial VOCs like Muscodor albus
(Strobel et al, 2001), Oxyporus latemarginatus
(Lee et al, 2009) and Gliocladium sp. (Stinson
et al, 2003), respectively. Artemisia is a wide
studied genus of plants for its medicinal and
bioactive properties (Soylu et al, 2005; Brudea,
2008; Dancewicz and Gabrys, 2008; Garcia et
al, 2015; Abad et al, 2012) and recently its en-
dophytic fungi communities have been taken
into observation looking for bioactivity features
(Haniya et al, 2013; Qian et al, 2014; Pur-
wantini et al, 2015, Cosoveanu et al, 2016).
The present study selected several species of
fungal endophytes previously isolated from
Artemisia austriaca, Artemisia vulgaris and
Artemisia thuscula to evaluate their bioactive
potential. It is noteworthy to mention that is the
first notification on fungal endophytes isolated
from A. austriaca and A. thuscula and their
bioactivity.

MATERIALS AND METHODS

Plant sampling and isolation techniques

Plant samples were collected and processed in
2012 in Romania: A. austriaca from Tuzla,
Murighiol, Babadag Lake; 4. vulgaris from
Mahmudia; and in La Palma Island (Spain): 4.
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thuscula from La Galga and Tigalate. A surface
sterilization method was used in order to sup-
press epiphytic microorganisms from the plant
samples. Briefly, plants were immersed first in
sterile H20, followed by lmin in EtOH 70%,
Imin in sodium hypochlorite 15%, 1 min in
EtOH at 70% and finally washed with sterile
H20 (changed from Schulz et al., 1993). The
isolation procedure was performed according to
Cosoveanu et al. (2014). In order to analyse the
fungal diversity, each replicate obtained from
distinct stem fragments was registered. When
an endophyte was acquired in pure culture it
was preserved (Czapek, T=5°C and Glycerol
20% DI H,0, T=-30°C), bioactively tested and
identified.

Dual culture assays

Dual culture technique was employed to find

endophytic fungi that produce metabolites

which inhibit S. sclerotiorum, F. oxysporum, F.

moniliforme, F. solani, A. brassicicola, A.

dauci, A. alternata, Phoma sp. Geotrichum sp.

and Cladosporium sp. mycelial growth in vitro.

PDA plates were incubated at 25°C in darkness

for 7 days and observed daily; plates were left

for a further week to check the stability of the

interaction. The following criteria based on

Kusari et al. (2013) were used to interpret the

results:

0-Mycelia grow until making contact with each
other

1-Mutual inhibition (both mycelia stop growing at a
certain distance)

2-Mycelia grow until making contact with each
other and in the area where the contact is pro-
duced morphological changes occur/ the growth
is stopped in a convex form

3-Pathogen growth is detained at a certain distance
from the endophyte (<2 mm)

4-Pathogen growth is detained at a certain distance
from the endophyte (>2 mm)

RDP- Rapid development and parasitism of the

endophyte
RD- Rapid development of the endophyte
RDL- Rapid development of the endophyte and
lysed mycelia of the pathogen
L- Opponent fungus presents lysed mycelia
P- Endophyte displays parasitism on pathogen

It should be noted that also the pathogen may
respond similarly to criteria 3, 4, RDP, RD,
RDL, L and P (further, the results for this case are



noted with *). However, this study focuses only
on the endophyte response towards pathogen.

Fungal isolates

Fungal isolates (endophytic and pathogenic
strains) were maintained on PDA, T=25°C, in
darkness. Endophytes were selected based on
their results in preliminary assays of antago-
nism. Pathogens were chosen due to their dif-
ferent interactions with the host and their high
economic importance: Alternaria alternata, A.
dauci, A. brassicicola, Fusarium oxysporum, F.
moniliforme, F. solani, Sclerotinia scleroti-
orum, Botrytis cinerea, Phoma sp, Geotrichum
sp. and Cladosporium sp.

Biometric agar dilution assays

Tests were carried out to determine the biologi-
cal activity of extracts using biometric agar
dilution method. The extracts were incorpo-
rated into PDA as follows: 1, 0.5 and 0.1 mg
ml™". The final percentage of ethanol in the me-
dia was adjusted to a concentration of 1% (v/v).
Plates containing the solvent (ethanol) were
used as negative control. Each pathogen was
spot - inoculated at eight equidistant points to
PDA media amended with the fungal extracts at
tested concentrations. Three replicates were
used per treatment. For each extract and con-
centration, inhibition of radial growth (%l)
compared with the control was calculated after
72 hours of incubation at 25°C, in the dark. The
radial growth was measured with an image -
processing software Image J -Wayne Rasband
(NIH).

Kruskal-Wallis Test and Mann Whitney U
were performed using IBM SPSS Statistics
21.0.

Volatile compounds assays (VOC)

The VOC assays analyse the activity of volatile
compounds produced by the endophytes on
phytopathogens. The assays were done in Petri
plates, using only the plate bases with nutritive
media for the fungal inoculation as following:
plate base with endophyte + plate base with
pathogen and the controls: base without patho-
gen + base with endophyte and correspondently
for the pathogen. Plates were incubated for a
week at T=25°C, in darkness. Assays were per-
formed in triplicates. Measurements were made
daily, calculating an average of two measure-
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ments of the same inoculum diameter. In the
case of slow growth endophytic fungi three
different moments for the pathogen inoculation
were chosen allowing to the endophytic fungus
to develop more as follows: inoculation of both
fungi at the same time (Moment 0), inoculation
of the pathogen after three days from the inocu-
lation of the endophyte (Moment 1) and inocu-
lation of the pathogen after five days from the
endophyte’s inoculation (Moment 2).

The following criteria were used to interpret the

results:

A = E<CE: The pathogen inhibits the endophyte

B = P<CP: The endophyte inhibits the pathogen

C = CE<E: The pathogen enhances the endophyte’s
growth

D = CP<P: The endophyte enhances the pathogen’s
growth

* CE: Control of endophyte; CP: Control of patho-
gen; E: Endophyte in interaction; P: Pathogen in
interaction

High scale cultivation of endophytic fungal
isolates

Five of nine fungal isolates showing antagonis-
tic activity were further explored for bioactivity
of their crude extracts by multiplication on rice
media. Rice medium was prepared in 500ml
Erlenmeyer flasks containing 120g of rice
grains with 40ml H,O (autoclaved). The flasks
were inoculated with 4-6 disks of endophytic
fungus mycelium (25°C, darkness for three
weeks).

Chemical solvent extraction of endophytic
fungal isolates (crude extract and fractiona-
tion)

120ml of ethyl acetate (Sigma Aldrich) was
poured on the rice grains covered with the fun-
gus mycelium and kept aside for 24h. The con-
tent was filtered under vacuum using a Buchner
funnel and the solvent extraction was repeated
thrice. The collective extract was dried up with
vacuum rotary evaporator under reduced pres-
sure at 50°C and used as crude extract for fur-
ther evaluation. Two of the crude extracts were
selected to be fractionated. The extracts were
previously subjected to partitioning between n-
hexane and MeOH (V/V) to remove the fatty
acids, twice. The MeOH fraction was chro-
matographed on a SiO, vacuum-liquid chroma-
tography column (VLC) eluted with n-



hexane:EtAC:MeOH gradient to give seven
fractions (three times the volume of the column
per solvent fraction). Fr-1 (n-hex. 100%), Fr-2
(n-hex:EtAc 90:10), Fr-3 (n-hex:EtAc 75:25),
Fr-4 (n-hex:EtAc 50:50), Fr-5 (EtAc 100%),
Fr-6 (EtAc:MeOH 90:10), Fr-7 (MeOH 100%).
Fractions were further treated as the crude ex-
tracts.

RESULTS AND DISCUSSIONS

In dual culture assays, isolate HLP44 inhibited
the development of six pathogens with a higher
distance than 2mm (criterion 4) and three with
a distance of 2mm (criterion 3) out of 11 path-
ogens (Table 4). Isolates HLP7 and HLP26
were also strong inhibitors of four and three
pathogens, respectively. Also HLP27 and
HRO169 isolates impeded the development of
one pathogen each. In the agar dilution assays,
HRO169 (extract code-1090) inhibited (%I=
47.70, at 0.lmg/ml) only F. oxysporum alt-
hough the results from dual culture did not pre-
dict it (criterion 1). The crude extract of HLP7
(code- 1114) inhibited 4. brassicicola (%l=
32.55, at 0.1mg/ml) but not Cladosporium sp.
(%I= 9.7, at Img/ml) although in dual culture
the observed reactions were similar for both
pathogens (criterion 4). Despite the interesting
activity in dual culture (criterion 3), the extract
was not active against A. alternata and A.
dauci. (%I= 15.5 and 5.02, respectively; at
Img/ml). HLP44 extract (code- 1092) was the
most active and therefore it was fractionated.
1092 inhibited with interesting values seven of
the nine tested pathogens (Table 3). Although
all three species of Alternaria reacted in a simi-
lar manner in dual culture assay, the response
of the extract in dilution agar assays variated
(vs. A. alternata %l= 38.6, vs. A. brassicicola
%l=41.7. vs. A. dauci %I= 19.5, at 1mg/ml).
As for the three species of Fusarium, results of
inhibition were similar (Table 3). The bioactivi-
ty of this extract was disjoined, having various
active fractions with different pathogens (Table
3). Briefly, the fraction which most inhibited
the mycelial growth of tested pathogens with
interesting values was the one eluted with ethyl
acetate (vs. A. brassicicola %l= 42.7, vs. F.
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solani %l= 59.2, vs. F. moniliforme %l= 43.2
and vs. B. cinerea %l= 49.4, at 0.lmg/ml).
Ethyl acetate and methanol extracts of an endo-
phytic Chaetomium globosum isolate were
more effective than hexane extract against S.
sclerotiorum (Kumar et al, 2013). Yet, the non-
polar fractions (LO and F2, eluted with hexane
and n:hexane-EtAc 90:10, respectively) strong-
ly inhibited B. cinerea (LO- %I= 35.1; F2- %I=
43.4, at 0.1mg/ml). Previous reports on hexane
extracts obtained from Colletotrichum glo-
bosum showed antifungal properties against B.
cinerea (Nakashina et al, 1991). Fungal endo-
phytes were tested for their VOCs bioactivity
and separated in two groups due to their type of
growth: regular growth and slow growth. It was
hypothesized that the more mass of endophytic
mycelia is produced, the more VOCs would be
generated a posteriori in the interaction with the
pathogen. In the slow growth group the endo-
phytes were left to develop in the absence of
the pathogen for three and five and five days.
The highest percentage of inhibition, reached
gradually, (%I= 31.5, at Moment 3) was calcu-
lated for the interaction between Cladosporium
sp. and HLP44, confirmed by Kruskal Wallis
test (p= 0.027). Overall there were no signifi-
cant differences between the inoculation mo-
ments, but neither interaction with high per-
centages of inhibition. In the group of regular
growth, the interactions between the same
pathogen and two endophytes were compared.
No significant difference resulted (p<0.05),
therefore no difference in the sensibility of the
pathogen exposed to more than one reputed
bioactive endophytes, was found. The structural
groups of VOCs detected in different individu-
als of A. vulgaris collected from various coun-
tries and regions show similarities as the main
groups belong to monoterpenes followed by
sesquiterpenes (Zhigzhitzhapovae et al, 2016).
Artemisia spp. essential oils have antimicrobial
properties (Baykan Erel et al, 2010), antipara-
sitic and cytotoxic activity (Martinez-Diaz et al,
2015) so the community of harboured endo-
phytes seems likely to be also producing bioac-
tive VOCs, as previously shown (Strobel et al,
2011).



Table 1. VOC interaction between pathogens and endophytes with regular growth: percentages of inhibition (expressed
as average and Standard deviation STD) and criteria of interpretation

CRITE-
%I pathogens- AVG (STD) %I endophytes- AVG (STD) RIA

Interaction Day 1 Day 4 Day 7 Day 1 Day 4 Day7

A. alternata

&HLP26 20.74 (3.03) 2.86 (6.92) 2.33(5.58) -3.33(4.71)  10.56 (2.66) 17.53 (3.91)
A. alternata

& HRO158 19.16 (4.43) 9.65 (4.50) 9.32 (3.05) 40.99 (14.62) 44.18 (39.66)  6.07 44.92)
A. brassicicola B
& HRO158 7.69 (10.88) -8.11 (8.63) 19.21 (5.33) 6.78 (12.04) 0.86 (5.17) -3.15 (6.07)

A. brassicicola

& HLP26 -18.59 (4.53)  -18.62(19.19) 2.61 (11.18) 0.00 (0.00)  21.07 (10.44)  16.96(4.67)

A. dauci

& HRO169 3.42(2.42) 5.12 (5.13) 0.49 (6.85) 3.04 (2.15) -7.91(7.22) -15.64 (6.22)
A. dauci

& HLP26 -2.41(15.29)  -1.50 (8.77) -2.07 (6.39) 0.00 (0.00) 5.25(3.84) 11.36 (2.09)

F. oxysporum

& HLP26 -30.37 (35.09) 1.53(1.24) 17.16 (3.74) 333(4.71)  28.82(3.09) 44.33 (4.99) A
F. oxysporum

& HRO184 -10.74 (34.91)  10.27 (1.98) 9.07 (5.64) -0.67 (8.26)  9.60 (5.00) 27.69 (3.17) A
F. moniliforme

& HRO158 -4.22 (9.71) -0.11 (3.04) 2.55(8.48) -7.77 (14.87) -5.47 (18.68) -18.49 (19.38)

F. solani

& HLP26 -3.92 (7.02) 0.02 (3.74) 5.94(1.38) -20.00 (0.00) 9.06 (1.69) 22.19 (4.93) A
F. solani

& HRO184 -1.96 (5.11) -2.06 (4.03) 7.15 (2.90) -8.08 (18.24) -7.23 (8.23) 8.31(7.22)

B. cinerea

& HRO158 27.23 (15.87) -16.94 (14.07) -21.89 (14.24) 6.66 (24.97) -11.05(30.42) -15.70 (17.65)

B. cinerea

& HRO183 10.65 (11.44)  -7.38(10.86) -10.03 (12.71) -2.04 (6.73)  10.04(1.41) 7.47 (4.82)

S. sclerotiorum

& HRO158 -39.91 (60.20) -20.20(28.57)  -20.20 (28.57) 4.40(14.92) 10.42(26.87) 17.22 (58.66)

S. sclerotiorum

& HRO169 -33.07 (65.05) -18.18 (25.71) -18.18 (25.71) 6.73 (11.59)  6.29 (1.45) 2.36 (3.61)

Table 2. VOC interaction between pathogens and endophytes with slow growth: percentages of inhibition (expressed as
average %I and standard deviation STD), moments of inoculation of pathogen and criteria of interpretation.

%I pathogen %I endophyte
Interaction Moment Day 1 Day 4 Day 7 Day 1 Day 4 Day7 CRITERIA

4. brassicicola MO 150(132) 17.1(48) 6.8(153) 0.0 (0.0) 15.4 (8.2) 4.4(16.1)
& HLP44 Ml -08(89)  362(15) 332(44) 13.5(8.2) 2.7(9.9) 203(9.5) B

M2 3.0(52)  353(118) 241 (4.1) 2.4 (14.8) 203(9.5) -1.9(12.9) B
A. brassicicola MO 201(13)  230(76) -12(59) 0.0 (0.0) 45(5.1) 58(3.3)a
& HLP27 Ml -23(266) 243(9.5) 8.7(248) 12 (4.0) 3.9(3.8) 152 3.1)b

M2 -18.2 (18.2) 16.7 (3.7) 25.2 (1.5) -8.6 (8.1) -9.3(5.4) -6.6 (8.3)c B
A. dauci MO 233(29)  159(9.6) 2.6(20.9) 0.0 (0.0) 5.7(5.6) 0.7 (9.0)
& HLP44 Ml 167(3.6) 194(36)  56(63) 9.6(8.9) 12.8 (4.8) 12.4 (5.0)
A. dauci MO 67(115)  1.5(103) 6547 0.0 (0.0) 925(623)  -77.8(79.1)
& HLP7 Ml 208(72)  -47(64)  -3.0(3.9) 923(60.1)  -73.0(684)  -68.7(72.7)

M2 9.1 (0.0) 8.4 (1.8) 9.8 (4.2) -104.5 (83.5) -119.1 (94.2)  -131.1 (109.0)
B. cinerea MO 185(294) 25(54)  25(54) 8.3 (14.4) 4.7 (4.1 52(12)
& HLP27 ML 22(38)  65(123) 44(12.7) 1.2 (4.0) 2.0(53) 13.5(4.7)

M2 89(102)  3.6(64)  1.8(64) 3.3(5.0) 8.7(62) -112 (10.2)
Cladosporiumsp. MO 162(167)  83(15.7)  3.0(10.5a 0.0 (0.0) 42(7.2) 25.6(20.6)
& HLP44 Ml 25(30) 17717 171 @48)b 15 (12.4) 3.0(5.2) 47 (4.6)

M2 -186(252)  15.1(20) 31.5(3.2)c 10.3 (13.7) 13.8 (7.6) 15.0 (6.2) B
Cladosporiumsp. MO -11.9(33.0)  0.0(23.8)  -5.5 (13.1) 0.0 (0.0) J8.1(285)  162(223)

& HLP7 Ml 141(44)  110(L7)  66(122) 883 (80.6)  -103.5(116.9) -122.8 (137.8)
M2 -12.8(234)  2.0(10.1) 16.2(21.4) -30.2 (62.1) -46.6 (85.5) -45.0 (86.2)

Values with different letter have statistical difference P<0,05, U Mann Whitney Test
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Table 3. Dilution agar assays with crude extract and fractions versus fungal pathogens- %I (STD)

Extract [C] A a. A.b. A.d. F.o. F.s. F.m. S.s. B.c. Clad.
972 1 mg/ml 20.8 (5.8) 12.2(9.4)
1090 1 mg/ml 29.8(4.1) 12.8(5.2) 45.8(3.3)a 23.3(7.8)a 16.2(7.4) 14.8(5.8)
0.5 mg/ml 57.0(5.2)b  31.2(6.0)b
0.1 mg/ml 47.8(4.8)a  6.3(7.8)c
1091 1 mg/ml 44.5(4.7) -6.6(8.9) 2.6(9.9) 1.4(8.6)
1114 1 mg/ml 15.5(2.6)a  42.3(8.0)a 5.0(4.6a 9.7(12.5)a
0.5 mg/ml 18.7(2.8)a  412(57)b 11.7(4.6)b 13.1(17.1)a
0.1 mg/ml 18.0(2.8)a 32.6(43)b  4.8(4.6)a -16.4(29.5) b
1092 1 mg/ml 38.6(1.6)a 41.7(6.1)a  19.5(4.1)a 37.9(10.2)a 34.3(5.5)a 42.5(7.2)a 71.5(8.0)a  45.2(2.5)a
0.5mg/ml 29.6(12)b  46.0(53)a 13.8(*3.0)b 26.6(6.5)b 18.4(4.2)b 28.7(6.9)b  67.9(8.8)a  51.1(5.0)b  13.4(10.9)a
0.1 mg/ml 17.2(2.0)c  44.0(5.3)a  3.5(*2.1)c  16.9(7.5) ¢ -1.5(4.3)c 52.8(7.8)c 50.4(33.7)a  18.6(8.8)c  25.5(19.0a
1092LO 0.1 mg/ml  -1.0(11.6)  9.2(7.5) * 5.4(6.7) 6.8(7.7) 35.1(11.9) *
1092F2 0.1 mg/ml 4.8(6.7)  29.3(4.9)* 153(5.1)*  2.7(10.2 43.4(5.4) *
1092F3 0.1 mg/ml -4.6(4.9) 7.6(4.8) * 7.5(9.2) 0.5(6.8) 14.4(7.1) *
1092F4 0.1 mg/ml 45(52)  27.2(4.8)* 34.0(4.5)* 21.2(9.1) * 19.6(2.8) *
1092F5 0.1 mg/ml  21.5(2.8) * 42.7(3.8) * 59.2(0.9) * 43.2(5.5)* 49.4(3.1) *
1092F6 0.1 mg/ml 3.2(9.2) 358(52)* 39.5(5.4)* 10.8(10.7) 32.9(1.6) *
1092F7 0.1 mg/ml 2.0(5.4) 19.3(3.6) * 24.7(5.3)* -17.0(6.6) 19.1(5.7) *

U Mann Whitney was applied in the case of the assays with fractions and pathogens to check the statistical difference between control and treatment
(values marked with * have p<0.05) and between treatment at different concentrations (values with different letter have statistical diference p<0.05).
A.a.=A. alternata, A.b.= A. brassicicola, A.d.= A. dauci, F.m. = F. moniliforme, F.s.= F. solani, F.o.= F. oxysporum, S.s.= S.sclerotiorum, B.c.= B.

cinerea, Clad= Cladosporium sp.

Table 4. Dual culture assay: fungal endophytes and pathogens (interaction criteria)

HLP7 HLP26  HLP27 HLP44 HROI115 HROI158 HROI169 HROI83 HRO184
F.o. 0 3, P* 2% 3, P* 0 2 1 0 4
F.m. 0 0, P* 2% 3,P* 2 0 0 0 P*
F.s. 0 3, P* 2% 3, P* 0 2 1 0 4
B.c. 4 4 4 4 0 0 2 3,P 2%
S.s. 4 2 4 2 2 4 RD, 1 RD*P*
A a. 3 3 0 4 0 0 3 1 0
A.d. 3 4 P 4 P 3 1 P 2
A.b. 4 4 3 4 P 3,P 3* P 0
Phoma 4% 4% 4% 1 RD,L 4% 4% 4*, RD 4%
Geot. 4% 4% 4% 1 4% 4% 4% 4* RD nt
Clad. 4 1 1 4 P 0 1 P,RD 4*

A.a=A. alternata, A.b.= A. brassicicola, A.d.= A. dauci, F.m. = F. moniliforme, F.s.= F. solani, F.o.= F. oxysporum, S.s.= S.sclerotiorum, B.c.= B.
cinerea, Clad= Cladosporium sp. , Geot= Geotrichum sp. 0-Mycelia grow until making contact with each other; 1- Mutual inhibition (both mycelia
stop growing at a certain distance); 2- Mycelia grow until making contact with each other and in the area where the contact is produced morphological
changes occur/ the growth is stopped in a convex form; 3- Pathogen growth is detained at a certain distance from the endophyte (<2 mm); 4- Pathogen
growth is detained at a certain distance from the endophyte (>2 mm); RD- Rapid development of the endophyte; L- Opponent fungus presents lysed
mycelia; P- Endophyte displays parasitism on pathogen. *= the pathogen is evaluated with the correspondent criteria; the rest of the cases are applied

to the action of the endophyte on the pathogen.

CONCLUSIONS

Our study has shown the potential of two
fungal endophytes against important plant
pathogens. The most interesting fungal
endophyte is HLP44 isolate (from A. thuscula),
as its valences are multiple being a spring of

active compounds against 4. brassicicola, F.
solani and B. cinerea found mainly in the ethyl
acetate fraction but also in the hexane fraction.
More, this isolate strongly inhibited B. cinerea,
S. sclerotiorum, A. alternata, A. dauci, A.
brassicicola and Cladosporium sp. in dual
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culture and Cladosporium sp. in VOC assay
which converts it into a tool for biocontrol.
Further studies will be carried out to identify
the active compounds responsible for the
inhibition of the mycelium growth of
pathogens. One good candidate for in vivo
further assays would be HRO158 isolate (from
A. vulgaris) which inhibited the growth of the
mycelium of A. brassicicola and A. dauci in
dual culture assay.
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