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Abstract  Endophytic  fungi  are  ubiquitous  and  live within  host  plants  without  causing  any
noticeable  symptoms  of  disease.  Little  is  known  about  the  diversity  and  function  of  fungal
endophytes  in plants,  particularly  in economically  important  species.  The  aim  of  this  study
was to  determine  the identity  and  diversity  of  endophytic  fungi  in leaves,  stems  and  roots  of
soybean  and  corn  plants  and  to  determine  their  infection  frequencies.  Plants  were  collected  in
six areas  of  the  provinces  of  Buenos  Aires  and Entre  Ríos  (Argentina)  two  areas  were  selected
for sampling  corn  and  four  for  soybean.  Leaf,  stem  and  root  samples  were  surface-sterilized,
cut into  1  cm2 pieces  using  a  sterile  scalpel  and  aseptically  transferred  to  plates  containing
potato dextrose  agar  plus  antibiotics.  The  species  were  identified  using  both  morphological  and
molecular data.  Fungal  endophyte  colonization  in soybean  plants  was  influenced  by  tissue  type
and varieties  whereas  in  corn  plants  only  by tissue  type.  A greater  number  of  endophytes  were
isolated from  stem  tissues  than  from  leaves  and root  tissues  in  both  species  of  plants.  The  most
frequently isolated  species  in all soybean  cultivars  was  Fusarium  graminearum  and the  least
isolated one  was  Scopulariopsis  brevicaulis.  Furthermore,  the most  frequently  isolated  species
in corn  plants  was  Aspergillus  terreus  whereas  the  least  isolated  one  was  Aspergillus  flavus.
These results  could  be relevant  in the  search  for  endophytic  fungi  isolates  that  could  be of
interest in the  control  of  agricultural  pests.
robioloǵıa.  Published  by  Elsevier  España,  S.L.U.  This  is an
-NC-ND  license  (http://creativecommons.org/licenses/by-
©  2016  Asociación Argentina  de Mic
open access  article  under  the  CC  BY
nc-nd/4.0/).
ponding author.
 address: leticiarusso@conicet.gov.ar (M.L. Russo).

.doi.org/10.1016/j.ram.2015.11.006
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PALABRAS  CLAVE
Hongos  endófitos;
Soja;
Maíz;
Diversidad

Hongos  endófitos  aislados  de  cultivares  de soja  (Glycine  max  L. Merr)  y  maíz  (Zea
mays  L.)  presentes  en  áreas agrícolas  argentinas

Resumen  Los  hongos  endófitos  son  ubicuos  y  se  encuentran  en  el  interior  de  los  tejidos  de las
plantas de  manera  asintomática.  Se  sabe  muy  poco  acerca  de  la  diversidad  y  la  función  de estos
hongos, particularmente  en  especies  de importancia  económica.  El objetivo  de  este  trabajo  fue
determinar  la  diversidad  y  la  frecuencia  de colonización  de hongos  endófitos  en  raíces,  tallos
y hojas  de  2  variedades  de  maíz  y  de  4 variedades  de soja;  las  muestras  se  tomaron  de  6 áreas
diferentes  ubicadas  en  las  provincias  de  Buenos  Aires  y  Entre  Ríos (Argentina).  Con un  bisturí
estéril se  obtuvieron  porciones  de  1  cm2 de raíz,  tallo  y  hoja,  que  fueron  colocados  en  placas
con agar  papa  dextrosa  más  antibiótico.

Las especies  de  hongos  fueron  identificadas  a  partir  de  características  morfológicas  y  molec-
ulares. La  colonización  de hongos  endófitos  en  soja  estuvo  influenciada  por  la  variedad  y  por
el tipo  de  tejido,  en  tanto  que  en  el maíz  solo  hubo  influencia  del  tipo  de  tejido.  El mayor
número de  endófitos  se  encontró  en  los  tallos  de  ambas  especies.  El aislamiento  más  frecuente
en todas  las  variedades  de  soja  fue  Fusarium  graminearum  y  el  menos  frecuente  Scopulariopsis
brevicaulis. En  ambas  variedades  de  maíz  la  especie  con  mayor  frecuencia  de  aislamiento  fue
Aspergillus terreus  y  la  de menor  fue Aspergillus  flavus.  Estos  resultados  son  relevantes  para
la búsqueda  de  especies  de  hongos  endófitos  que  podrían  ser  de interés  en  el control  de  plagas
agrícolas.
© 2016  Asociación  Argentina  de Microbioloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  CC BY-NC-ND  licencia  (http://creativecommons.org/licencias/by-
nc-nd/4.0/).
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Table  1  Locations  where  different  soybean  and  corn  plants  were  sampled

Variety  Locality  GPS  coordinate

Soybean
DM3810  (Don  Mario,  Argentina)  Alberti,  Buenos  Aires  35◦ 10 5300 S

60◦ 160 4900 O
DM4210 (Don  Mario,  Argentina)  Bragado,  Buenos  Aires  35◦ 60 5900 S

60◦ 280 4500 O
DM4670 (Don  Mario,  Argentina)  Salliqueló,  Buenos  Aires  36◦ 450500 S

62◦ 570 3200 O
NA5009 (Nidera,  Argentina)  Victoria,  Entre  Ríos  32◦ 370 000 S

60◦ 100 000 O

Corn
DK747 (Monsanto)  Olascoaga,  Buenos  Aires  35◦140 1400 S

60◦ 360 3600 O
NK900 (Syngenta) Las  Cuevas,  Entre  Ríos 32◦ 210 0000 S
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Table  2  Colonization  percentage  of  different  fungal  species  isolated  from  roots,  stems  and  leaves  from  four  different  soybean
cultivars sampled

Fungal  species  Colonization  percentage  (%)

DM3810  DM4210  DM4670  NA5009

Root  Stem  Leave  Root  Stem  Leave  Root  Stem  Leave  Root  Stem  Leave

LPSC1187  Alternaria
alternata  (Fr.)  Keissl

---  --- ---  ---  25  26.6  --- ---  ---  --- ---  ---

LPSC1186 Arthrinium
phaeospermun  (Corda)
Ellis

---  --- ---  ---  20  33.3  --- ---  ---  --- ---  ---

LPSC1181 Aspergillus
niger  Tiegh

---  10  38.3  ---  13.3  41.6  --- ---  ---  --- ---  ---

LPSC1182 Clonostachys
rosea  (Link)  Schroers

16  --- ---  ---  ---  ---  --- ---  ---  --- 15  30

LPSC1178 Curvularia
lunata  (Wakker)
Boedijn

---  6.6  46.6  ---  38.3  ---  --- ---  ---  --- 38.3  ---

LPSC1188 Fusarium
graminearum  Schwabe

20  45  ---  3.3  10  30  20  20  10  11.6  25  31.6

LPSC1184 Fusarium
equiseti  (Corda)  Sacc

--- --- 58.3 ---  ---  ---  --- ---  ---  --- ---  ---

LPSC1191 Fusarium
oxysporum  Schlecht

---  10  21.6  ---  ---  ---  --- 33.3  8.3  --- ---  ---

LPSC1185 Macrophomina
phaseolina  (Tassi)  Goid

13.3  28.3  ---  ---  ---  ---  10  13.3  28.3  --- ---  ---

LPSC1189 Scopulariopsis
brevicaulis(Sacc)
Bainier

---  --- ---  ---  ---  ---  --- 41.6  ---  --- ---  ---

LPSC1179 Trichoderma
saturnisporum
Hamm

---  --- ---  ---  ---  ---  --- ---  ---  10  16.6  38.3

With  

var  DM38
NA5009  w
index  of
tivar  DK
the  lowe
a  Shanno
more,  ba

rsity
e ste
occu
bse

Table  3
cultivar

Fungal  

LPSC118
LPSC118
LPSC119
LPSC122
LPSC122
LPSC119
LPSC119
ill

regard  to  fungal  diversity  in  soybean  plants,  culti-
10  showed  the highest  diversity  while  in cultivar
e  observed  the  lowest  diversity,  with  a  Shannon’s

 3.09  and  1.93,  respectively.  Moreover,  corn  cul-

dive
in  th
sity  

we  o

747  showed  the  highest  fungal  diversity  whereas
st  diversity  was  observed  in cultivar  NK900,  with
n’s  index  of  1.84  and  1.67,  respectively.  Further-
sed  on  the  Shannon’s  index,  the greatest  fungal

in  the le
1.18,  res
roots,  ste
was  obse

 Colonization  percentage  of  different  fungal  species  isolated  fro
s sample

species  

DK

Root  St

3  Aspergillus  flavus  Link  8.3  3
0 Aspergillus  terreus  Thom  8.3  3
3 Bipolaris  tetramera  (McKinney)  Shoemaker  ---  3
3 Clonostachys  rosea  (Link)  Schroers  ---  

4 Fusarium  graminearum  Schwabe  ---  

0 Fusarium  proliferatum  (Matsush)  Nirenberg  26.6  4
2 Mucor  circinelloides  Tiegh  ---  2
 in all  the soybean  cultivars  sampled  was  observed
ms  and  then  in the leaves  whereas  the lowest  diver-
rred  in the roots,  except  for  cultivar  DM4670,  where
rved  increased  diversity  in the roots  rather  than

aves  with  a  Shannon’s  diversity  index  of  1.35  and
pectively.  With  respect  to the fungal  diversity  in  the
ms  and  leaves  of  corn  plants,  most  fungal  diversity

rved  in the  stems  of  both  DK747  and  NK900  cultivars

m  roots,  stems  and leaves  from  two  different  corn

Colonization  percentage  (%)

747  NK900

em  Leaf  Root  Stem  Leaf

5  ---  --- ---  ---
0  28.8  10  43.3  ---
1.6  ---  21.6  23.3  ---
---  ---  --- 18.3  31.6
---  ---  --- 28.3  18.3
3.3  28.3  --- 25  26.6
5  ---  10  33.3  ---
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