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The main purpose of this work was to study the endophytic fungal communities of
vegetative and reproductive tissues of Eugenia uruguayensis, a native species of Myrtaceae
and to compare them with those of Eucalyptus spp. planted in Uruguay. Identification of
fungal isolates was performed according to morphology by means of conventional myco-
logical methods. Molecular identification was used for isolates not sporulating on culture
media or those impossible to identify by morphological characters. The endophytic com-
munity was dominated by Phomopsis spp., Colletotrichum gloeosporioides and Diaporthe
phaseolorum. Molecular analysis revealed that sterile isolates corresponded to Xylaria
acuta, Xylaria digitata, Xylaria venosula and Xylaria sp. Bark and fruit tissues showed the
highest number of species. The mycobiota of vegetative and reproductive organs differed,
having in common only 15 % of the taxa. Colletotrichum gloeosporioides and Pestalotiop-
sis guepinii were dominant in fruits and Diaporthe phaseolorum in twigs. The highest di-
versity of species was found in fruits and in leaf blades and the lowest in petioles. The tissue
segments infected in neotropical Myrtaceae studied in Uruguay are similar to those found
in temperate trees. In Uruguay, Myrtaceae are at the southern limit of their geographical
distribution reflecting adaptations to temperate climate. Therefore, it is not surprising that
E. uruguayensis has lower rates of infection with similar diversity in endophytic communi-
ties to that of tropical trees.

Keywords: native Myrtaceae, Xylaria, Phomopsis, Diaporthe, Colletotrichum gloe-
osporioides.

In recent years fungal endophytes and some potential pathogens occur-
ring in native Myrtaceae (Bettucci et al. 2004) and non-native Eucalyptus in
South America, and particularly in Uruguay, have been studied (Bertoni &
Cabral 1988; Bettucci & Saravay 1993; Bettucci & Alonso 1997; Bettucci et
al. 1997, 1999; Lupo et al. 2001). Some fungal species of Botryosphaeria
(Pérez et al. 2010) and Puccinia psidii (Alfenas & Zauza 2007) have jumped
from native Myrtaceae to Eucalyptus plantations. Hence, it is considered to
be very important to study endophytic communities as well as fungi with
other strategies that are associated with different vegetative and reproduc-
tive organs from native species of Myrtaceae. Several genera of this large
family of plants are distributed in tropical and subtropical forests in the
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South Eastern part of South America (Brazil, Uruguay, Northeast Argentina,
South Central Paraguay), mainly between 20-35 °S and 48-56 °W, with a few
genera restricted to the Andean highlands of the northwest (Landrum 1981).

In Uruguay a common species, Eugenia uruguayensis,is an evergreen tree
of 3-5 m height, which grows on low hills and close to riparian vegetation, on
soils of various types, except saline soils. The trees can also resist well droughts
and short term floods. These trees are usually grown from seeds that germinate
in about a month. It is a species of medicinal use. An infusion of digestive,
diuretic and antidiarrheal properties can be prepared from the leaves; the
decoction of the bark is used in gargling for angina and other infections of
the throat (Legrand & Klein 1977, Barneche et al. 2010). The main purpose of
this work was to study the composition of endophytic fungal assemblages of
the native Myrtaceae E. uruguayensis. An additional purpose was to compare
them with those of Eucalyptus spp. and to detect, as well, whether differ-
ences between vegetative and reproductive tissues exist.

Materials and methods
Study area

The study area named Parador Tajes is located in a riparian park of
62 ha at 34° 36" 28" S 56° 28’ 20" W. It forms part of the protected wetlands of
the Rio Santa Lucia in the Department of Canelones. This river flows into an
old marine bay that was filled with sediments up to 2000 m depth. By its
latitude Uruguay is found integrating part of the subtropical region of South
America, but its climate is considered temperate, humid, rainy and without
a dry season. The annual average precipitation is 1300 mm and the annual
average temperature is nearly 17.5 °C (Strahler & Strahler 1992). The ripar-
ian forest in which the study area is located constitutes a formation that oc-
cupies low zones on the margins of the Rio Santa Lucia. The plant species are
distributed in stripes parallel to the course of water from hydrophilic to
xerophilic species. Some species that grow on the margins with the roots in
direct contact with the water or in nearby zones are Salix humboltiana
Willd., Cephalanthus glabratus (Spreng.) K. Schum., Helianthus sellowianus
Mill. Arg., Sebastiania commersoniana (Baill.) L.B. Smith, Pouteria salicifo-
lia (Spreng.) Radlk. and Erythrina cristagalli L. In far away and less humid
zones Allophylus edulis (St. Hill.) Radlk., Myrtus communis L., Myrsine par-
vula (Mez.) Otegui, Scutia buxifolia Reiss. and Eugenia uruguayensis Cam-
bess., among others, are present. Finally, farthest from the river, xerophilic
species appear, i.e. Celtis tala Gillies Planch., Berberis laurina Billb. and
Lithraea molleoides (Vell.) Engler can be found. The limit with the grassland
is, in general, clear (Brussa & Grela 2007).

Sampling

Twigs and leaves

Eugenia uruguayensis is sparsely distributed in the study area since it is
located at the southern limit of its geographical distribution. From five ran-
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domly selected trees ten asymptomatic branches with leaves, two from each
tree, were collected. Trees were marked at the start of the sampling. All the
material was taken to the laboratory in paper bags, stored at 5 °C and pro-
cessed within 24 h. From the middle part of each branch one asymptomatic
twig (2-5 mm in diameter) was selected. From each of these 10 twigs, ten
segments, of approximately 2-5 mm in diameter and 5 mm in length, were
cut and the bark was stripped off the xylem. From the same twigs 100 asymp-
tomatic leaves (10 from each twig) were collected and one disc of 4 mm in
diam. of each blade was dissected. Petioles were also examined, one segment
from each leaf (100) since they are very small. Segments from each tissue
were pooled and surface-sterilized by sequential immersion in 80 % ethanol
for 1 min and in sodium hypochlorite (0.4 g active C1/100 ml) for 2 min,
washed with sterile distilled water and then dried on sterile filter paper.

Flowers, fruits and seeds

From the same five trees, ten branches with flowers, two from each tree,
were collected in spring (October) and also from these trees five months later
(March), ten branches with fruits were cut off. All the material was taken to
the laboratory in paper bags, stored at 5 °C and processed within 24 h.

Flowers and fruits were taken from their branches and surface steriliza-
tion was performed as for leaves and twigs. After flowers were separated
from the peduncles, they were sectioned longitudinally at the middle. Each
part was plated in sets of ten segments per plate, 100 from the half of each
flower and 100 segments from peduncles, were plated out as described above.
Fruits without seeds, and previously separated from peduncle, were also sec-
tioned longitudinally in the middle. Each part was plated in sets of ten per
plate, 200 from fruits and 100 from peduncles. From seeds, tegument was
stripped from cotyledons and plated separately in sets of ten segments per
plate, 100 from tegument and 100 from cotyledons.

To test the effectiveness of surface sterilization, imprints were per-
formed of all segments on culture medium.

Isolation and identification

The total segments from all tissues (400 from vegetative and 700 from
reproductive) were plated in sets of ten segments per plate containing MEA
2 % (Difco), pH 4,5 and incubated at 24 °C for six weeks or more depending
on the growth rate of fungi. Each colony that emerged from segments was
transferred to fresh medium (MEA 2% Difco, PDA Difco and oatmeal agar)
for identification.

Morphological identification was performed by means of conventional
mycological methods following description of the cultural and micromor-
phological characteristics of each isolate (Ellis 1971, 1976; Sutton 1980;
Dennis 1981; Gams 1983). For not sporulating isolates or those that were not
possible to identify by their morphology, molecular identification was used
to place them in a putative taxonomic position. DNA was obtained from
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fresh aerial mycelia by extraction with cetyltrimethylammonium bromide
(CTAB), followed by organic extraction and isopropanol precipitation of the
DNA using the method described by Lee & Taylor (1990). The 5.8 S gene and
flanking internal transcribed spacers (ITS1 and ITS2) regions of rDNA were
amplified using the fungal specific primer set (ITS4 and ITS5) (White et
al.1990). When necessary, large subunit (LSU) of RNA was also amplified to
provide taxonomic information. The primers used to amplify LSU sequences
were LROR and LR7 (Vilgalys & Hester 1990). PCR protocol described by
Rehner & Uecker (1994) was performed. Representative isolates were sub-
jected to similarity searches against those deposited in Gene Bank using
BLAST (Basic Local Alignment Search Tool). In cases in which multiple
matches were equally probable it was recorded the lowest taxonomic level
shared by the disparate matches. As Genbank lacks sequence data for most
fungi at species level, some isolates were named only by the corresponding
genus. Sterile isolates that did not match with any genus, remained as sterile
mycelia.

Data analysis

The relative frequency of isolation was calculated as the number of seg-
ments colonized by a given fungus, divided by the total number of segments,
expressed as percentage. The abundance distribution and species accumula-
tion curves, derived from each tissue, were performed to evaluate to what
extent fungal community was revealed by the sampling. Moreover, the curves
of relative abundance were compared to lognormal theoretical model using
the Kolmogorov-Smirnov test (Krebs 1989). Endophytic fungal diversity was
measured for each tissue, organ and tree host by means of Shannon diversity
index with the package MVSP for Windows version 3.21 (Kovach Comput-
ing, Anglesey, UK).

The distribution of taxa in vegetative and reproductive organs was ex-
amined by multivariate ordination using correspondence analysis (StatSoft
1998). This analysis was applied on the log of the relative frequency higher or
equal to 2 % of each species occurring in more than one tissue. Species with
lower frequency, but isolated from two different tissues, were also included
(Howard & Robinson 1995).

Results

A total of 1100 segments, 400 from vegetative organs and 700 from re-
productive structures, were colonized by 53 taxa. From all twigs and leaves
291 isolates belonging to 30 taxa were obtained, with the number of taxa
ranging from 6 tol3 in twigs and from 6 to 12 in leaves (Tab.1). The endo-
phytic community was dominated by Phomopsis spp., Colletotrichum gloe-
osporioides (Penz.) Sacc. and Diaporthe phaseolorum (Cooke & Ellis) Sacc.

The morphological identification of isolates corresponding to Phomop-
sis was difficult in culture. The analysis of phylogenetic sequences of the ITS
region revealed that some isolates corresponded to Diaporthe phaseolorum



317

Sydowia 64 (2012)

01 I (TIg) snuiby snuua]

G0 swen) 29 aIe7 ("WWIYZ) 1UNII] WNIIUDIDT

L0 ‘'SPNE 2nzfilo DIYSNST

0% €0 o1 {UaIyoS 2 pneds (UBWLU03}S) DID)NbULd D]jaL2UL0]D)

0T 110qQV 29 UBWILY) WNID)NUIDI WNIPDII0UL)

0T SISUIMG 7R WS WNLOdSATO WNLIDST]

e'1 SOON] WNLPLLIID] WNLLDST]

L0 AQBMUYDS WNLDIUIULDAD WNIADST]

L0 (91904Lw00sYy) 91 ydopus TeSun,q

0'g 13008 g A % H[03S (98pod ‘O "q) wnuvplafo.sq wniyporuadng

02 0l i ‘quaayy suadsvindind wno2001dy

0‘e XT3 ("wisa() vaurd vpojdiq

09% 0T o‘e nq "00BS (SI[[H 2§ 9500)) win.t0102s0Yd 21340 DUT «

0‘8 "ds DrapIL «

01 's1od posnf najdouo)

0z 93[00)) ([93[oN]) PULIN]IQ DIIDYIOLUO))

0T UBWISSOY 29 118 (‘UUSH) 1tuti0yd wnyodij0327100)

09T 08T 00T ¢G‘IT $0D 00RG 79 "ZUdJ (‘ZUsyg) $aP1010ds0a0]f wnyo1i1032]100)

€'z SPUOWIWIS WNIDINID WNYILLI039]]0D)

0‘r STD ‘zuad wnwiadsolanyds wniiodsopni)
0t 0‘r G'1 1 e[D SOLIA 9P (‘U9SaLy) Saptowodsopn]d wntiodsopny)
0l ¢‘0 sog IO EWROYS 125UIQ21S DWLIDYAsoRig0g ,.

L0 1e38Nn(g 29 "qULOSSOID) s1qui DLLaDYdsofiijog

€0 JI9NEWDOYS (‘UIRMUDS) DSNIQ0 DwLanYydsofiiiog ,

0T JON 9 2@ 'S9D ("SnoIN) papry10p vLaDYdsofiiiog

0] S[eNWES 29 SI0IYDS (‘UIRMYIS) DONDOLYIO DILIIIUOLT

0‘L "ZUDd DOIQUIOYL DIUDLI]OT

0°g ISSE], $9p10t4D]]1qQ0L DIULDILDG

L'y "[SSTOST DIDULII]D DILDULII]Y

X eg a4 1 °S M 1 9PoD 18ung

*(%) uotyeZIuoy0d Jo Aouanbaiq ‘sisuafivnbn.in muabni Jo sanssty asrjonpoidar pue aanyela8aa woaj 1sung onpAydopuy T "qeg,



Tiscornia et al.: Endophytes of Eugenia uruguayensis

318

'SPOY}oUW IeTNOSTOW Aq PAYTIUIPT SAT0ads :

"Pa9s = 98 ‘4NIJ = I LTOMOJ = [ ‘WRTAX = AX ‘3{Ieq = eg ‘oron3ad = o ‘opelq = 19

00T 00T 00T 00T 002 002 00¢ SJUdWIGIS [eIO],
9 ¢TI 9 ¢l L 6¢ 8 exe) [ejo],
6 60T 66 L 92 962 6 899 S9)R[OSI [R)O],
0T (6F) WnEdAW oIS
0°C (F92) wnIEoAw B[1I9)S
01 (5¢2) wnIEIAW B[RS

0°¢ (£€7) WNT[EPIAW STL19}S

L0 ‘Sodg pynsouaa vwuvIAY .

0‘L “ds pwunIfx,

0z ‘AT (1) DIDNBIP DUDIAY 4

0 309 g DINID DWDIAY 4

0'T [[TWWeH wWniodsiuinins DULLOPOYILL],

L0 TRITY WNUDIZLDY DULLDPOYILL],

0'‘c 0'T ¢'9 el 119SST 2PLILA0LID DULLIPOYILL],

0T €1 108 “JON 2 % 9D ("WIS9( Xo 98I1900Y) P]0IWLY DIIDPLOS

€0 -ds wnipynifiog

06z 098 00z G6'c 08¢ 0'ce oud -ds sisdowoyq

0°z1 «S9IIL ‘TYD "3 g % Suelr @ Z ‘Sueyp '» D avyayorw sisdowoyd,,

0‘e G0 L0 BUd JSUIM T IN 29 Snox) ‘swen) ‘M “ds wniuowa.LonoanyJ
0T ePT sod 110RA21g (‘wsa() uwrdanb sisdoroinisad

0 MOTHOTM 29 ASTHIDA D70916uUNY WntLfiy101U0IDID] 4

0T 0'C 0‘e din uoseN ('00.g) poanyds DLodsolbIN

0‘e €0 SIN uosey (‘§ods) wpyoons niodsoibin

0T 0‘g 'y 0‘C 09N sdrriyd 29 s1oddr[g ‘snoi) (SpEnwes 7z J0004uudJ) wnaind wnod01SnfoaN

0T UI§0I0S ("UYdsI9IN) 2017d0SIuUD Wniz1yinia A
e "JON o 2 's9D g ‘ds pwojgsowydory,

0l JON 2 2 's?D T "ds nwogzsorydorT,

& eg 4 1@ 9SS M 14 9P 18un g




319

Sydowia 64 (2012)

%66
%66
%66
(NST) %86
%66
%86

%86
%00T

%00T
(NST) %66
(NST) %00T
(QST) %001
(NST) %86
(NST) %86
(NST) %66

%66
(NST) %¥6
(NST) %66
(NST) %001
(NST) %001
(NST) %66
(NST) %66
(NST) %66
(NST) %66

%00T (T'6%19204H) vInsouaa vwvyfix
%00T (1°6¥19204H) pInsouda vww)fix
%00T (1°96%33eND) pIv3bep DX
(NST) %00T (QST ‘T'9LIFPCAVY) DnoD VWUVIAX
%00T (1°9£6L,89.4H) “ds szsdowoyq
%00T (1°088029AV) 2v1aydrw sisdowoyd,
%G6 (1°28CeP9AV) pjoatbunf wnifiy101u0dD4vg
%00T (T°TT6L79D1) wnaund wnod001snfoaN
%68 (1881256 NH) Spro4nufio pwozsorydoT

(NST) %86 (NST T'6106199V) saprowaisfiy vuwogsorydo
(NST) %00T (NST ‘T'PLEGTIAY) Snuwbyy snugua]
(NST) %00T (NST ‘T°G00920.0H) 1uDn9] Wn]1UDI]
(NST) %00T (NST ‘T'TI600TEINH) wniodshizo wniivsng
(NST) %001 (AST ‘T'¥6002HAH) 23fiydopua pbung
(NST) %001 (AST ‘T°L8TFCLNH) vourd pipojdi@

%00T (1°90082£DH) wn.0102svyd ay3i0dmq
(NST) %¢8 (QST ‘T°C0GZICAH) amP]IYd VIUPID
(NST) %00T (QST ‘T'F11255NH) pasnf vajdouo)
(NST) %001 (NST ‘T°20FLIT L) DULIN]Q DI2DYIOIUOD
(NST) %00T (NST T LF1982DA) nwioyd wnydLi3032110D
(NST) %66 (AST TF98LLEDA) usuaaazs vuavydsofiszog
(NST) %001 (NST‘1°€929%2®A) stqu vuavydsofiugog
(NST) %00T (NST T°LLIYEEDL) DapLyI0p DWdDYSORiuz0g
(NST) %00T (QST ‘T'7£9989AV) DINITOLYIO DLLII2UOLY

SLI ‘8odg pynsouaa vwvifix
SLI “ds vy
SLI ‘A1) ('T) pIPIbLD DDA
NST- SLI 309d DINOD DWDIAX
SLI “ds szsdowoyg
SLI JUO L

79 Suelr ' "7 ‘Suey) ‘® D aniaydrw sisdowoyd,

SII MOTOTM 29 KST[I_A Pjodtbuny wnifiy01uodning
SII sdiqrryd 2 sreddrig
‘SnoI) (s[enwes 2 J00dAuusd) wnaind wnid021snfoaN

SII Z “ds nwogsowydoT
NST- SLI 1 *ds nwozsorydoT
NST-SII I (Tg) snuwbiy snuua]
NST-SLI swen) 7 arery (“WWIY) UUDII] WNLIOIUDIITT
NST-SLI JISUIMS R WS WNLOASAXO WNIDST
NST-SLI (97904w00sYy) 93Aydopus TeSun,g
NST- SLI X313 ('wisa() vourd wipojdiq
SII "00€g (ST 2 9300)) wWn40]02svyd ayz40dnLT
NST- SLI ‘ds mwppq
NST- SLI ‘sIad posny vajdouo)
NST-SLI 93[00)) ([o3[oNI) PULIN]2Q DIIDYI0LUO))
NST-SLI uBWSSOY 29 X8 ("UUSH) ttukioyd winydni1032100)
NST-SLI IONRWIOYS 11SU2a21s viLanydsofiigog
NST-SILI Ie83n( 29 "qUASSOIn) s1qul paPYdsofiizog
NST-SLI JON o[ 2 "s9D ("SnoIN) vapryjop vianydsofiijog

NST-SLI S[PNWES 23 SIS0IYDS (‘UTOMUIS) DINIJO0LYI0 DUIIdUOLT

Kyryuepr
XeIN

08®rI9A0D
AIonp)

018U }SaIBIN

2ouanbeag BXRE],

‘(NST pue SLI) SIsA[eue Ie[nosjouwr Aq paynuap] ‘sisuadpndn.in viua3nz Jo sanssiy dAonpoidar pue oAne1ofoa woly 1uny onAydopus Jo so10adg g *qeL



320 Tiscornia et al.: Endophytes of Eugenia uruguayensis

asf 1 %

40 Flower 1 ul | Leaf

35| | ! |—

N of species.
e
»
N* of species
-

il YT

D 2 4 B 8 10 12 1 1 W 2 2 24 2 0 10 20 30 40 5 B0 70 B0 0 100 110 120
B of imclates. N* of isciates

18 1 16 il
Fruit and seed ¥ Twig

\

L {
2 % 1 2| \
i e m _ T [

0 2 4 & B 0 12 14 16 18 20 2 24 2 28 30 32 M4 0§ W 15 20 25 3 38 40 45 50 &5
W* of isclates N* of issiates

Fig. 1. Lognormal distribution of species abundances from each tissue. Few species were
isolated with high frequency and several were rare. The lognormal distribution expected
(line) did not differ significantly (P> 0.05) from observed data (Kolmogorov-Smirnov). Box-
es represent the number of species within each range of isolates.

and to “Phomopsis micheliae (C. Q. Chang, Z. D. Jiang & P. K. Chi), illeg.”. The
remainder of the isolates were named Phomopsis spp. This genus is the an-
amorph of Diaporthe though some authors use Diaporthe to name species of
Phomopsis and others consistently use the anamorph due to the abundance
of Phomopsis species. When identifying according to ITS sequences we used
both names Diaporthe or Phomopsis, depending on how the isolates were
identified in GenBank. Identification of the isolates corresponding to Xy-
lariaceae according to culture morphology was difficult since they remained
sterile in culture; the analysis of phylogenetic sequences of ITS and LSU
revealed that most isolates corresponded to the genus Xylaria and some of
them to Xylaria acuta Peck, Xylaria digitata (L.) Grev., Xylaria venulosa
Speg. and Xylaria sp. (Tab. 2).

From flowers, fruits and seeds 377 isolates belonging to 33 taxa were
obtained, with the number of taxa ranging from 7 to 29 according to the or-
gans (Tab. 1). The endophyte community was dominated by Colletotrichum
gloeosporioides, Diaporthe phaseolorum, Phomopsis spp., Trichoderma atro-
viride Bissett and Pestalotiopsis guepinii (Desm.) Steyaert. Phomopsis spp.
were more abundant in leaves, C. gloeosporioides and P. guepinii in fruits
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Fig. 2. Species accumulation curves showing the number of species found with each ten
additional segments plated out.

and D. phaseolorum in twigs. Of the 53 taxa recorded, only 15 were isolated
from fruits (Tab. 1).

Endophytic communities in all tissues fit a lognormal distribution
(P>0.05) (Fig. 1). The cumulative species abundance (Fig. 2) shows the num-
ber of species found for each ten additional segments plated out. The point at
which the asymptote was achieved varied for each tissue segment of vegeta-
tive organs, from 60 in blades, 80 in petioles, 60 in bark and 70 in xylem and
from reproductive organs, 80 in flowers, 150 in fruits and 90 in seeds. The
percent of segments colonized ranged from 9 % in xylem and 13 % in seeds
to 85.3 % in fruits and 97 % in bark (Fig. 3). The fungal diversity in E. uru-
guayensis taking all analyzed tissues into consideration was 2.396. Diversity
in reproductive tissues (2.379) was higher than that found in vegetative tis-
sues (2.07). The diversity in blades was higher than that in petioles and that
in the bark was lower than that in the xylem. Diversity was higher in twigs
(1.976) than in leaves (1.55). Diversity in fruits (2.411) was higher than in
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Fig. 3. Percentage of segments colonized from tissues of Eugenia uruguayensis.

flowers (1.49) and in seeds (1.67). The highest species diversity was found in
fruits (2.411) and in leaf blades (2.003) and the lowest in leaf petioles (0.56)
(Tab. 3).

Tab. 3. Measures of diversity for endophytic communities in tissues and plant organs of
Eugenia uruguayensis.

Eugenia
urugua- Blade Petiole Leaf Bark Xylem Twig
yensis

H 2396 2.003 056 155 1.709 1.834 1.976  2.07 149 2411 1.67 2379
J 0603 0.806 0.313 0.559 0.666 0.943 0.671 0.609 0.717 0.716 0.858 0.681
S 53 12 6 16 13 7 19 30 8 29 7 33

Vegetative
tissues

Reproduc-

Flower Fruit Seed .~ .
tive tissues

H’= Shannonn diversity index; J = evenness; S = total number of species in the community.

The simple correspondence analysis showed that the three coordinate
axes explained 73.14 % of the total inertia, indicating a good fit of the data
to the model (Fig. 4). The differences among tissues and organs in this ordina-
tion represented changes in species composition and abundance. The first
axis that contributed with 33.26 % to the total inertia separated bark and
fruits from the remaining tissues and organs and particularly the seeds and
xylem. Moreover, this axis evidenced differences between bark and blade.
The species which contributed most to the inertia in this axis was C. gloe-
osporiodes (11.73 %). Diaporthe phaseolorum (26.10 %) characterized to
bark while P guepini (7.37) to fruit, T. atroviride (11.04 %) to seeds and
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Fig. 4. Simple correspondence analysis. Ordination of tissues according to the endophytic
composition on the two first axes. Total inertia explained by the first two axes was 55.84 %.
Variables are the relative frequencies of isolation of species with frequency equal or higher
than 2 % and those with lower frequency, but isolated from two host species. Bl = blade; Pe
= petiole; Ba = bark; Xy = xylem; F1 = flower; Fr = fruit; Se = seed. Symbols for the species
are indicated in Tab. 1.

Phaeoacremonium sp. (5.07%) to xylem. The blade was characterized by
Glomerella cingulata (Stoneman) Spauld & Schrenk (11.01 %) and by Ni-
grospora sacchari (Speg.) Mason (10.45 %). The second axis that contributed
with 22.58 % to the total inertia allowed separating fruit from bark. Pestalo-
tiopsis guepinii (31.44 %), D. phaseolorum (17.7 %), G. cingulata (12.8 %)
and Nigrospora sacchari (10.6 %) were the species that contributed more
(72.5 %) to the construction of this axis. The third axis (17.32 %), not repre-
sented here, allowed to separate bark from xylem. Diaporthe phaseolorum
(34.2 %), Phomopsis spp. (29.5%) and C. gloeosporiodes (10 %) were the spe-
cies that contributed more to the total inertia of this axis. A set of species
were related at the same time with flower and petiole tissues.

Discussion

The richness of fungal endophytes was low, 53 taxa in total, as was the
number of tissue-specific fungal species. Several species isolated from E.
uruguayensis were found in Vitis, Pinus and Eucalyptus reflecting that
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spores from fructifications developed on debris of native plants can colonize
introduced species. Endophyte composition from vegetative and reproduc-
tive organs, have in common only 15 % of the taxa. Differences in species
diversity (H) and in equitability (J) were related with the abundance of Pho-
mopsis spp. and Diaporthe phaseolorum in petiole, blade and bark tissues;
although in flowers and fruits, species of Phomopsis were also abundant. The
dominant species could be related to community structure and be responsi-
ble for affecting host physiology. A dominant species is considered a good
colonizer in a host with high levels of ecological specialization under selec-
tion pressure (Yuan et al. 2010). Moreover, the distribution of the isolation
frequency of some species could reflect tissue preference as in temperate
trees (Carroll 1995). The diversity in twigs was, at least, similar to that of low
and mid branches of Guarea guidonia (L.) Sleumer, from Puerto Rico (Gam-
boa & Bayman 2001).

On the other hand, the rarely isolated species could be truly rare taxa,
with an obligatory endophytic lifestyle or could become dominants on adja-
cent plants (Joshee et al. 2009). One interesting species, Metarhizium an-
isopliae, isolated here only once from xylem, but commonly found in soils is
an effective entomopathogen used in biocontrol of ants (Acromyrmex spp.)
in Eucalyptus spp. plantations located in the southeast of Uruguay (Lupo et
al.2008).

Pestalotiopsis guepinii was present in fruit at the highest frequency and
few isolates were recovered from twig bark. This is a common endophyte in
temperate (Bills & Polishook 1992, Barengo et al. 2000) and tropical (Bayman
et al. 1998) tree species and in Eucalyptus spp. (Bettucci et al. 1997, 1998).
Some isolates of P. guepinii have been reported to produce taxol, an impor-
tant anti-cancer metabolite (Strobel et al. 1997). Some strains of Bartalinia
robillarioides are also important producers of taxol (Gangadevi & Muthu-
mary 2008).

Colletotrichum gloeosporioides present in fruits is a frequent decom-
poser of fleshy indehiscent fruits. Phomopsis spp, were present in nearly all
tissues of E. uruguayensis except in xylem. “Phomopsis micheliae” was pre-
sent only in leaf blades and D. phaseolorum was present with the highest
frequency in twig bark. Diaporthe/Phomopsis constitute a fungal complex
of high genetic diversity that includes pathogens of great economic impor-
tance, producers of secondary metabolites (Ting et al. 2009, Li et al. 2010,
Ahmed et al. 2011) and finally numerous are endophytic (Udayanga 2011).
Species prevalent as endophytes of many hosts in both temperate and tropi-
cal regions are especially common in the sapwood of angiosperms (Boddy &
Griffith 1989, Rossman et al. 2007, Botella & Diez 2011, Gonzalez & Tello
2011). In Eucalyptus globulus and E. grandis planted in Uruguay Phomopsis
arnoldiae was found being one of the two most important species (Bettucci
et al. 1999). In E. uruguayensis twigs the xylem was the unique tissue in
which Phomopsis was not found.

Species of Xylaria have been isolated as endophytes of almost all tropi-
cal plants and to a minor extent of temperate trees (Dreyfuss & Petrini 1984,
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Petrini & Petrini 1985, Boddy & Griffith 1989, Bills & Polishook 1992, Rod-
rigues et al. 1993, Bayman et al. 1998, Takeda et al. 2003) but the species
found here were not the same recorded from others native Myrtaceae in Uru-
guay (Bettucci et al. 2004).

Wood rotting Basidiomycetes are frequent colonizers of forest leaf litter.
Lentinus tigrinus, although with low frequency in Eugenia uruguayensis
leaf blades, had not previously been found in native Myrtaceae, but was
present in sapwood, heartwood and bark as latent colonizers of Eucalyptus
spp. stems (Simeto et al. 2005) and as basidiomata surrounding Eucalyptus
stumps (Alonso et al. 2012) and on a Salix trunk (Bettucci & Silva 1992).
Probably, the large amount of spores produced by L. tigrinus found a good
niche in leaf blade of this native Myrtaceae. This wood rotting fungus is an
active producer of extracellular oxidative enzymes. It has been used for
lignin wood degradation of Eucalyptus globulus and E. grandis (Bettucci et
al. 1998) and for bleaching of Eucalyptus spp. paste paper (Speranza 2003).

From seven species present in seeds all except one were also present in
the fruit tissues suggesting that seed infection came from there. This fact
was also observed in young seeds inside the capsules of E. globulus (Lupo et
al. 2001). In relation with Botryosphaeria dothidea and Colletotrichum
gloeosporioides there is no specific evidence to assume that they could have
adopted Eucalyptus spp. as a host considering that they colonize also several
other hosts and have a wide world distribution (Fisher et al. 1993, Smith et
al. 1996, Bettucci et al. 1999).

In general, the proportion of twig segments infected in tropical trees
(Arnold et al. 2001, Cannon & Simons 2002, Arnold & Herre 2003) exceed
that recorded in neotropical Myrtaceae that we have studied (Bettucci et al.
2004) and also in E. uruguayensis, being similar to that found in temperate
trees. In Uruguay, Myrtaceae are at the southern limit of their geographical
distribution presenting morphological characteristics that reflect adapta-
tions to temperate climate (Legrand & Klein 1977, Landrum 1981). There-
fore, it is not surprising that E. uruguayensis has lower rates of infection
with similar diversity in endophytic communities to that of tropical trees.
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