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Abstract  Agriculture  is  one  of  the  bases  of  the  Argentine  economy.  Glyphosate  is  undoubtedly
one of  the  most  important  herbicides  used.  The  increasing  consumption  and  the  efficiency  of
glyphosate-based  herbicides  have  encouraged  several  studies  on  their  persistence  in  soils,  their
effects on  soil  microbiota  and  their  degradation  processes.  Fungi  have  been  reported  as  being
the main  herbicide-degrading  microorganisms  as  well  as  the  most  tolerant  to  environmental
stress conditions.  This  study  evaluated  the  growth  performance  of  Aspergillus  section  Flavi  and
Aspergillus  niger  aggregate  strains  on  Czapek  Dox  media  supplied  with  a  commercial  glyphosate
formulation  as  sole  source  of  carbon  (CZC),  phosphorus  (CZP)  or  nitrogen  (CZN).  Six  Aspergillus
spp. strains  were  evaluated.  Each  medium  was  stab-inoculated  with  fungal  spores  from  7-day
old cultures.  Two  measures  of  colony  radii  were  taken  daily.  All  of  the  Aspergillus  section  Flavi
strains showed  a  significant  increase  (from  24  to  44%)  in  growth  rate  on  the  CZN  medium,  as
compared to  controls.  The  A.  niger  aggregate  strains  exhibited  the  same  behavioral  pattern
under all  the  conditions  tested,  except  on  the  CZN  medium.  Velutinous  or  slightly  floccose
colonies with  abundant  sporulation  were  observed  on  CZP.  Moreover,  the  colonies  produced
sparse sporulation  on  CZC  or  CZN  media,  being  their  appearances  completely  different  from
those on  the  CZP  medium.  This  study  establishes  that  A.  section  Flavi  and  A.  niger  aggregate
strains can  grow  in  vitro  in  the  presence  of  glyphosate,  especially  when  it  is  used  as  a  sole
source of  phosphorus  or  nitrogen.
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Evaluación  del  crecimiento  de  Aspergillus  spp.  aislados  de  suelos  agrícolas  en
presencia  de  glifosato

Resumen  La  agricultura  es  una  de  las  bases  de  la  economía  argentina.  El  glifosato  es,
indudablemente,  uno  de  los  herbicidas  más  utilizados.  El  incremento  en  el  consumo  y  la  efi-
ciencia de  estos  herbicidas  han  estimulado  investigaciones  sobre  su  persistencia  en  el  suelo,
sus efectos  sobre  la  microbiota  edáfica  y  su  proceso  de  degradación.  Los  hongos  son  conocidos
por su  importancia  como  degradadores  de  herbicidas  y  por  su  tolerancia  a  condiciones  de  estrés
ambiental.  El  objetivo  del  presente  estudio  fue  evaluar  el  crecimiento  de  cepas  de  Aspergillus
sección Flavi  y  del  agregado  Aspergillus  niger  en  el  medio  Czapeck  Dox  suplementado  con  una
solución comercial  de  glifosato  como  única  fuente  de  carbono  (CZC),  de  fósforo  (CZP)  o  de
nitrógeno (CZN).  Seis  cepas  de  Aspergillus  fueron  evaluadas.  Cada  medio  fue  inoculado  con
esporas fúngicas  provenientes  de  cultivos  de  7  días.  Diariamente  se  tomaron  2  medidas  del
radio de  las  colonias.  Todas  las  cepas  de  Aspergillus  sección  Flavi  mostraron  un  incremento
significativo  (del  24  al  44%)  en  la  velocidad  de  crecimiento  en  el  medio  CZN  comparado  con  los
controles.  Las  cepas  del  agregado  A.  niger  mostraron  el  mismo  comportamiento  bajo  todas  las
condiciones  ensayadas,  excepto  en  el  medio  CZN.  Se  observaron  colonias  velutinosas  o  liger-
amente flocosas  con  abundante  esporulación  en  los  medios  CZP.  En  los  medios  CZC  o  CZN,  las
colonias produjeron  una  esporulación  escasa.  Este  estudio  establece  que  cepas  de  Aspergillus
sección Flavi  y  del  agregado  A.  niger  pueden  desarrollar  in  vitro  en  presencia  de  glifosato,
especialmente  cuando  es  usado  como  única  fuente  de  fósforo  o  nitrógeno.
© 2017  Asociación  Argentina  de  Microbioloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction

Agriculture  is  one  of  the  bases  of  the  Argentine  economy.
Some  of  the  country’s  main  exports  are  soybean  (Glycine
max  L.)  and  maize  (Zea  mays  L).  During  the  last  year,
the  estimated  total  areas  planted  with  soybean  and  maize
were  of  20  350  000  and  3  300  000  ha,  respectively8.  Since  the
1990s,  a  significant  agricultural  transformation  has  been
taking  place  in  the  country.  Such  transformation  has  been
motorized  by  the  adoption  of  transgenic  crops,  no-tillage
systems  and  the  use  of  chemical  products  to  protect  plants
from  pests  and  diseases28.

This  new  intensive  agricultural  system  duplicated  Argen-
tinean  production  during  the  past  decade.  In  this  context,
glyphosate  (N-phosphonomethylglycine)  is  undoubtedly  one
of  the  most  important  herbicides  used24.  While  the  normal
dose  for  glyphosate  is  4---5.5  l/ha,  equivalent  to  2---2.75  kg/ha
of  glyphosate27,  repeated  applications  are  commonly  used
in  no-tillage  systems25.  Significant  amounts  of  glyphosate
(among  other  pesticides)  are  applied  annually.  However,
it  is  widely  believed  that  only  a  small  fraction  of  these
products  effectively  reaches  the  target  organisms,  and  that
the  surpluses  are  being  introduced  inadvertently  into  the
soil  contaminating  non-target  organisms  while  moving  into
the  atmosphere  and  the  water16.  The  widespread  incorpo-
ration  of  herbicides  into  soils  every  year  has  a  significant
impact  on  their  quality,  and  on  both  decomposition  and
nutrient  cycling.  This  fact  has  generated  great  concern  for

the  potential  threat  that  herbicides  represent  for  animal
and  human  health14,36.  The  increasing  consumption  and  the
high  popularity  and  efficiency  of  glyphosate-based  herbi-
cides  have  encouraged  several  studies  on  their  persistence
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n  soils,  their  effects  on  soil  microbiota  and  their  biodegra-
ation  processes.  Fungal  strains  have  been  reported  as  being
he  main  herbicide-degrading  microorganisms  as  well  as
he  most  tolerant  to  environmental  stress  conditions.  They
an  produce  high  amounts  of  extracellular  enzymes  during
yphal  colonization  of  soil,  resulting  in  enhanced  xenobiotic
iodegradation  rates26.

Glyphosate  degradation  in  the  soil  environment  is  a
o-metabolic  process  and  the  decomposition  rate  should
epend  on  the  general  activity  of  microbial  populations,  soil
ype  and  environmental  conditions37,1.  Two  major  pathways
f  degradation  have  been  described.  One  pathway  causes
he  formation  of  sarcosine  and  inorganic  phosphate  via  a
-P  lyase,  while  the  other  type  of  degradation  occurs  by

 glyphosate  oxidoreductase  (GOX),  which  breaks  off  the
lyphosate  C-N  bond  to  produce  aminomethylphosphonic
cid  (AMPA)  and  glyoxylate15.  The  research  on  the  microbial
tilization  of  glyphosate  has  tended  to  focus  on  the  bacte-
ial  degradation  of  this  compound.  Only  a  limited  number
f  studies  have  reported  that  fungal  species  are  capable  of
egrading  organophosphate  compounds  such  as  glyphosate
nd  developing  in  culture  media  containing  this  herbicide
ainly  as  a  source  of  carbon  and  phosphorus.  Among  the

tudied  fungal  species  are  Aspergillus  flavus, Aspergillus
ydowii,  Aspergillus  niger, Trichoderma  viride, Penicillium
aksmanii,  Penicillium  lilacinum,  Mucor  spp.,  Fusa-

ium  spp.  and  Saccharomyces  rouxii10,13,19,20,21,22,31,38,39,42.
.  flavus  and  A.  niger  strains  are  saprophytic  soil  borne  fungi

hat  commonly  infect  and  contaminate  vegetables,  cereals
nd  oilseed  grains  at  pre-  and  post-harvest  stages30.  In  a
revious  study,  Carranza  et  al.11 evaluated  the  culturable
ycobiota  of  agricultural  soils  and  showed  that  A.  flavus  and

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


3

A
A
5
s
s
t
g
t
i
I
g
t
c
a
t
a
e
o
c

M

F

S
s
(
3
t
i
fi
t
b
S
e
A
a
c
r
t
D
U
t
a

C

T
1
1
s
t
u
N
o
a
g
t
n

a
(

G

T
s
u
t
(
p
i
t
k
c
m
c
o
T
c
s
t
(

I

E
l
g
s
p

o
r
r
t
g

f
s
e
E
e
o
m

S

T
e
g
g
A
i
p

86  

.  niger  aggregate  strains  are  the  most  prevalent  species.

.  flavus  strains  were  isolated  in  percentages  ranging  from
0%  to  87.5%  in  all  soils  followed  by  A.  niger  aggregate
trains  isolated  in  percentages  of  50%  from  corn  and  soybean
oils  and  33%  from  corn-soybean  rotation  soils.  In  addition,
he  effect  of  different  glyphosate  concentrations  on  the
rowth  rate  of  toxigenic  and  nontoxigenic  Aspergillus  sec-
ion  Flavi  strains  isolated  from  these  soils  was  evaluated
n  vitro  under  different  water  availability  conditions7,11.
n  view  of  the  mentioned  results  and  considering  that
lyphosate  is  not  applied  to  the  fields  in  its  pure  form,  inves-
igating  the  impact  of  one  of  the  most  used  glyphosate-based
ommercial  formulations  on  fungi  may  be  a  more  relevant
pproach.  In  addition,  there  is  no  research  on  the  utiliza-
ion  of  this  pesticide  as  nutrient  by  A.  flavus  and  A.  niger
ggregate  strains.  This  study  was  undertaken  to  evaluate  the
ffects  of  glyphosate  as  sole  source  of  carbon,  phosphorus
r  nitrogen  on  growth  parameters  and  macroscopic  colony
haracteristics  of  these  fungi  in  vitro.

aterials and methods

ungal  strains

ix  Aspergillus  spp.  strains  were  evaluated.  Four  Aspergillus
ection  Flavi  strains:  A.  oryzae  (AM  1,  AM  2,  GM  3),  A.  flavus
GM  4)  and  two  A.  niger  aggregate  strains  (AN  251  and  AN
84).  These  strains  were  previously  isolated  from  fields  des-
ined  to  maize  and  soybean  production,  which  are  located
n  the  south  of  the  province  of  Córdoba,  Argentina.  These
elds  have  been  exposed  to  successive  applications  of  pes-
icides  during  the  last  decade11.  The  strains  were  identified
y  traditional  taxonomy  according  to  Pitt  and  Hocking30 and
amson  et  al.34 for  Aspergillus  section  Flavi  and  Samson
t  al.33 for  Aspergillus  section  Nigri  strains.  The  ability  of
spergillus  section  Flavi  strains  to  produce  aflatoxins  (AFs)
nd  cyclopiazonic  acid  (CPA)  as  well  as  the  ochratoxigenic
apacity  of  A.  niger  aggregate  strains  had  been  previously
eported6,11.  Only  the  nontoxigenic  strains  were  selected  for
his  study.  The  strains  belong  to  our  culture  collection  of  the
epartment  of  Microbiology  and  Immunology,  at  the  National
niversity  of  Río  Cuarto,  Córdoba,  Argentina,  and  are  main-
ained  in  15%  glycerol  (Sigma---Aldrich,  St.  Louis,  MO,  USA)
t  −80 ◦C.

ulture  media

he  Czapek  Dox  medium  (sucrose  30  g,  NaNO3 3  g,  K2HPO4

 g,  MgSO4·7H2O  0.25  g,  KCl  0.5  g,  FeSO4·7H2O  0.01  g,  agar
5  g,  distilled  water  1  l)  was  used  as  control.  In  addition,
ucrose  was  replaced  by  glyphosate  at  a  final  concentra-
ion  of  10  mM  as  sole  carbon  source.  When  glyphosate  was
sed  as  sole  source  of  phosphorus  or  nitrogen,  K2HPO4 and
aNO3 were  replaced  by  glyphosate  at  final  concentrations
f  1.0  and  1.5  mM,  respectively22.  The  control  Czapek  Dox

gar  is  referred  to  as  CZ.  The  growth  medium  in  which
lyphosate  replaces  the  organic  source  of  carbon  is  referred
o  as  CZC.  Furthermore,  when  the  mineral  phosphate  or
itrogen  sources  are  replaced  by  this  pesticide  the  media

b
c
a
t

C.S.  Carranza  et  al.

re  referred  to  as  CZP  or  CZN,  respectively.  The  water  agar
WA)  medium  was  also  used  as  control.

lyphosate

he  glyphosate  (N-phosphonomethylglycine)  used  in  this
tudy  was  obtained  from  a  commercial  formulation  (Round-
p1

®
;  Monsanto,  Buenos  Aires,  Argentina),  corresponding

o  a 3.5  M  solution  of  the  active  ingredient  of  glyphosate
588  g/l).  A  stock  solution  of  glyphosate  (0.5  M)  was  pre-
ared  by  dissolving  14.4  ml  of  the  commercial  formulation
n  100  ml  of  sterile  distilled  water  (v/v).  This  stock  solu-
ion  was  sterilized  using  0.2  �m  filters  (Whatman)  and
ept  at  4 ◦C.  The  appropriate  concentration  of  commer-
ial  herbicide  solution  was  applied  to  the  sterilized  culture
edia  (tempered  at  45---50 ◦C)  to  obtain  the  required  final

oncentrations  of  glyphosate  (1.0,  1.5  and  10  mM).  20  ml
f  media  were  poured  into  90-mm  sterile  Petri  dishes.
hese  concentrations  were  selected  based  on  the  per-
entages  that  the  carbon,  nitrogen  or  phosphorus  sources
hould  represent  in  the  fungal  media.  They  are  below
he  recommended  glyphosate  field  application  rates  used
2---2.75  kg/ha)27.

noculation,  incubation  and  growth  parameters

ach  plate  was  stab-inoculated  in  the  center,  using  a  sterile
oop,  with  fungal  spores  harvested  from  7-day  old  cultures
rown  on  malt  extract  agar  (MEA)  and  suspended  in  0.2%  of
oft  agar.  Four  replicate  plates  were  used  per  medium.  The
lates  were  incubated  at  25 ◦C  for  28  days.

Two  measures  of  colony  radii,  at  right  angles  to  each
ther,  were  taken  daily  from  each  replicate.  The  average
adius  of  each  colony  was  plotted  against  time,  and  a  linear
egression  was  applied  in  order  to  obtain  the  growth  rate  as
he  slope  of  the  line  to  the  X-axis.  The  lag  phase  (h)  before
rowth  was  also  determined5.

Growth  rate  and  lag  phase  analyses  were  performed  on
our  Aspergillus  section  Flavi  and  two  A.  niger  aggregate
trains,  using  three  culture  media  supplied  with  differ-
nt  glyphosate  concentrations  and  the  respective  controls.
ach  analysis  was  carried  out  in  quadruplicate  and  all  the
xperiments  were  repeated  twice.  Additional  qualitative
bservations  regarding  colony  morphology  in  each  culture
edium  were  recorded  throughout  the  experiments.

tatistical  analyses

he  results  obtained  in  the  experiments  of  replacement
ffect  of  the  carbon,  phosphorus  or  nitrogen  source  by
lyphosate  on  Aspergillus  section  Flavi  and  A.  niger  aggre-
ate  growth  were  analyzed  by  analysis  of  variance  (ANOVA).
ll  data  were  log10 (x  +  1)  transformed  to  obtain  homogene-

ty  of  variance.  The  means  were  compared  using  the  Fisher’s
rotected  LSD  test  to  evaluate  the  growth  rate  and  lag  phase

efore  growth  in  the  presence  of  glyphosate  as  source  of
arbon,  phosphorus  or  nitrogen  in  the  culture  medium.  The
nalyses  were  conducted  using  PROC  GLM  in  SAS  (SAS  Insti-
ute,  Cary,  NC).
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Table  1  Lag  phases  of  Aspergillus  section  Flavi  and  A.  niger  aggregate  strains  in  water  agar  and  Czapek  Dox  agar  media  supplied
with glyphosate

Species  Strains  Lag  phase  (h)  ±  SD

WA  CZ  CZC  CZP  CZN

Aspergillus  section
Flavi

AM  1  1.6  ±  2.2 de 16.1  ±  8.3d 36.0  ±  0.9 ab 35.0  ±  0.3 b 31.0  ±  3.23 bc

AM  2 8.9  ±  3.1 e 18.3  ±  8.5 d 32.0  ±  1.6 b 31.0  ±  4.4 bc 30.0  ±  3.0 bc

GM  3 13.4  ±  3.1de 17.7  ±  5.5 d 38.0  ±  0.6 a 34.0  ±  3.7 b 29.0  ±  1.72 c

GM  4 7.0  ±  1.7 e 16.2  ±  10.6 d 34.0  ±  1.2 b 32.0  ±  1.9 b 30.0  ±  1.3 bc

A.  niger  aggregate
251  13.2  ±  6.5 d 57.4  ±  4.7 ab 51.0  ±  0.9 b 29.0  ±  0.6 c 9.0  ±  14.1 d

384  6.7  ±  4.3 d 53.5  ±  2.8 b 66.0  ±  1.3 a 34.0  ±  4.9 c 37.0  ±  2.1 c

WA, water agar; CZ, Czapek Dox medium; CZC, Czapek Dox medium without sucrose and supplied with glyphosate at 10 mm;  CZP, Czapek
Dox medium without K2HPO4 and supplied with glyphosate at 1.0 mm; CZN, Czapek Dox medium without NaNO3 and supplied with
glyphosate at 1.5 mm.

tion.
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Values represent the mean of four replicates. SD: standard devia
significantly different according to the LSD test (p < 0.001).

Results

Effect  of  the  replacement  of  the  carbon,
phosphorus  or  nitrogen  source  by  a  commercial
glyphosate  formulation  on  lag  phases

Table  1  shows  the  lag  phases  of  four  Aspergillus  section  Flavi
and  two  A.  niger  aggregate  strains  in  control  media  and  in
the  presence  of  different  concentrations  of  glyphosate  as
the  sole  source  of  carbon,  phosphorus  or  nitrogen.  In  gen-
eral,  all  the  Aspergillus  strains  showed  the  same  behavioral
pattern  in  the  different  media  tested.  The  most  noticeable
decreases  in  the  lag  phases  from  the  Aspergillus  section
Flavi  strains  were  observed  in  the  WA  and  control  CZ
media.  Among  the  supplied  media,  the  shorter  lag  phase
was  obtained  when  glyphosate  was  included  as  nitrogen
source.  In  addition,  significant  differences  among  the  media
where  glyphosate  replaced  the  carbon,  phosphorus  or  nitro-
gen  source  were  only  found  with  strain  GM  3  (p  <  0.001).  This

strain  also  showed  the  greatest  differences  in  this  parameter
between  the  CZC  and  CZN  media  (38  and  29  h,  respectively).

Regarding  the  A.  niger  aggregate  strains,  the  lag  phase
values  varied  depending  on  the  tested  strain.  The  lowest
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Table  2  Variance  analysis  of  effect  of  medium  (M),  strains  (S)  and
section Flavi  and  A.  niger  aggregate  strains  in  Czapek  Dox  agar  me

Strains  Source  of  variation  Gr

dfa

A.  section  Flavi
M  4  

S  3  

M ×  S  12  

A. niger  aggregate
M  4  

S  1  

M ×  S  4  

a Degrees of freedom.
b Mean square.
c F-Snedecor.
* Significant p < 0.001.
 Means from each species with the same letter (a to e) are not

alues  were  detected  in  CZN  and  WA  with  strains  AN  251
nd  AN  384,  respectively.  Moreover,  the  longest  lag  phases
ere  observed  in  control  CZ  (57.4  and  53.5  h)  and  CZC  (51.0
nd  66.0  h)  with  strains  AN  251  and  AN  384,  respectively
p  <  0.001).

The  analysis  of  variance  of  the  effect  of  single  (medium
nd  strains)  and  two-way  interaction  showed  that  the
ulture  media  were  statistically  significant  only  in  relation
o  the  lag  phase  for  the  Aspergillus  section  Flavi  strains.  By
omparison,  the  culture  media  and  their  interaction  were
tatistically  significant  for  the  A.  niger  aggregate  strains
p  <  0.001)  (Table  2).

ffect  of  the  replacement  of  the  carbon,
hosphorus  or  nitrogen  source  by  a  commercial
lyphosate  formulation  on  growth  rates

egarding  the  growth  rate,  all  Aspergillus  section  Flavi
trains  showed  a  similar  behavior.  In  the  medium  supplied

ith  glyphosate  as  nitrogen  source,  a  significant  increase

24  to  44%)  in  growth  rate  was  observed  as  compared  to
he  control  (CZ  medium)  (p  <  0.001).  In  general,  no  signif-
cant  differences  were  detected  in  this  parameter  when

 their  interactions  on  lag  phase  and  growth  rate  of  Aspergillus
dium  supplied  with  glyphosate

owth  rate  Lag  phase

MSb Fc dfa MSb Fc

5.54  223.33* 4  1400.50  73.92*

0.17  7.01* 3  27.33  1.44
0.09  3.82* 12  9.20  0.49

5.34  235.66* 2  2590.98  76.85*

0.58  25.48  1  385.13  11.42
0.23  9.97* 2  306.39  9.09*
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Figure  1  Growth  rate  of  Aspergillus  section  Flavi  strains  in  the  presence  of  a  commercial  glyphosate  formulation  as  sole  source  of
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arbon, phosphorus  or  nitrogen.  Mean  values  are  based  on  quad
ifferent in  accordance  with  the  LSD  test  (p  <  0.05).

omparing  the  media  supplied  with  glyphosate  as  carbon  or
hosphorus  source.  Balanced  against  each  other,  significant
ifferences  in  growth  rate  values  among  these  media  were
ound  in  strain  GM  4  (p  <  0.001).  The  lowest  growth  rate  was
btained  in  the  WA  medium  (Fig.  1).

Figure  2  shows  the  growth  rate  of  two  A.  niger  aggregate
trains  in  control  media  and  in  the  presence  of  different
oncentrations  of  glyphosate  as  the  sole  source  of  carbon,
hosphorus  or  nitrogen.  The  two  strains  showed  the  same

ehavioral  pattern  in  all  the  assayed  conditions,  except
n  the  media  supplied  with  glyphosate  as  nitrogen  source.
n  contrast,  the  two  strains  showed  the  lowest  values  in
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igure  2  Growth  rate  of  Aspergillus  niger  aggregate  strains  in  pre
arbon, phosphorus  or  nitrogen.  Mean  values  are  based  on  quadrupli
ifferent in  accordance  with  the  LSD  test  (p  <  0.05).
cated  data.  Means  with  a  letter  in  common  are  not  significantly

rowth  rate  on  WA  and  CZC  media.  Significant  differences
n  growth  rates  were  observed  among  media  amended  with
lyphosate,  as  compared  to  the  control  (CZ)  (p  <  0.001).  In
train  AN  251,  the  highest  increase  in  growth  rate  (25.5%)
ompared  to  the  control  was  found  on  the  CZP  medium.
onversely,  increases  of  19  and  37%  in  this  parameter  were
bserved  with  strain  AN  384  when  the  pesticide  was  used  to
eplace  the  phosphorus  and  nitrogen  sources  in  the  media,
espectively.
The  analysis  of  variance  of  the  growth  rates  showed
ifferent  results  depending  on  the  tested  species.  The
ffects  of  each  single  variable  (medium  and  strains)  and
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sence  of  a  commercial  glyphosate  formulation  as  sole  source  of
cated  data.  Means  with  a  letter  in  common  are  not  significantly
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Figure  3  Morphological  characteristics  of  colonies  from  Aspergillus  section  Flavi  strains  in  control  Czapek  Dox  medium  (CZ)  (A),
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Czapek Dox  medium  without  sucrose  and  supplied  with  glyphosa
K2HPO4 or  NaNO3 and  supplied  with  glyphosate  as  the  only  phosp

the  two-way  interaction  were  statistically  significant  for  the
Aspergillus  section  Flavi  strains.  The  culture  media  and  their
interaction  were  statistically  significant  for  the  A.  niger
aggregate  strains  (p  <  0.001)  (Table  2).

Macroscopic  characteristics  of  colonies  in  culture
media with  a  commercial  glyphosate  formulation
as sole  source  of  carbon,  phosphorus  or  nitrogen

The  macroscopic  changes  of  the  morphology  of  colonies
were  examined  in  different  media.  Changes  were  similar
in  all  the  evaluated  strains  (data  no  shown).  Colonies  from
Aspergillus  section  Flavi  strains  were  plane  with  abundant
white  mycelium  on  the  margins  on  the  CZC  medium.  In  addi-
tion,  abundant  sporulation  was  only  observed  in  the  center
of  the  colonies.  Their  coloration  was  olive  green,  similar
to  that  observed  in  the  control  CZ  medium  (Fig.  3A  and  B).
By  comparison,  velutinous  or  slightly  floccose  colonies  with
abundant  sporulation  and  sparse  white  mycelium  were
observed  when  glyphosate  was  used  to  replace  the  phospho-

rus  source  (Fig.  3C).  The  color  of  conidia  was  mostly  golden
yellow  unlike  the  color  of  conidia  on  the  CZC  medium.  On  the
CZN  medium,  the  colony  morphology  was  completely  differ-
ent  from  that  obtained  on  the  other  tested  media.  Plane

e
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s  the  only  carbon  source  CZC  (B),  Czapek  Dox  medium  without
s  CZP  (C)  and  nitrogen  source  CZN  (D),  at  10  days  of  incubation.

nd  thin  colonies  with  sparse  sporulation  were  observed
Fig.  3D).

Similar  macroscopic  changes  in  colony  morphology  were
bserved  in  A.  niger  strains.  No  changes  in  the  color  of  coni-
ia  were  observed  among  the  four  assayed  media.  Colonies
ere  plane  when  the  herbicide  was  supplied  as  sole  source
f  carbon.  Abundant  white  mycelium  and  sparse  sporula-
ion  in  the  center  of  the  colonies  were  observed  (Fig.  4B).
imilarly  to  Aspergillus  section  Flavi, velutinous  or  slightly
occose  colonies  with  abundant  production  of  black  coni-
ia  were  observed  on  the  CZP  medium  (Fig.  4C).  Finally,
he  A.  niger  strains  produced  colonies  with  scarce  presence
f  mycelial  growth  and  conidial  heads  on  the  CZN  medium
Fig.  4D).

iscussion

he  variation  of  glyphosate  levels  in  soil  depends  directly
n  the  application  rates  as  well  as  on  the  periodicity  of
ainfall.  In  relation  to  the  soils  from  Argentina,  Peruzzo

t  al.29 determined  that  levels  of  glyphosate  in  sediments
nd  soils  in  a  soybean  cultivation  area  ranged  from  0.5
o  5.0  mg/kg  whereas  Botero  et  al.9 detected  glyphosate
nd  AMPA  in  a  concentration  of  approximately  1  mg/kg.



390  C.S.  Carranza  et  al.

Figure  4  Morphological  characteristics  of  colonies  from  A.  niger  aggregate  strains  in  control  Czapek  Dox  medium  (CZ)  (A),  Czapek
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ox medium  without  sucrose  and  supplied  with  glyphosate  as  th
r  NaNO3 and  supplied  with  glyphosate  as  the  only  phosphorus  

urthermore,  these  compounds  were  found  in  levels  higher
han  20  mg/kg  in  seven  samples  of  soybeans,  from  a total
f  eleven  samples  analyzed40.  A  new  regulation  raised  the
ermitted  glyphosate  levels  in  oilseed  crops,  including
oybean,  from  20  to  40  ppm17.

Interestingly,  we  found  that  four  nontoxigenic  Aspergillus
ection  Flavi  and  two  A.  niger  aggregate  strains  are  able  to
row  consistently  in  a  synthetic  medium  supplied  with  10,
.0  and  1.5  mM  glyphosate  as  sole  carbon,  phosphorus  or
itrogen  source,  respectively.  The  length  of  the  lag  phase
nd  the  mycelial  growth  rate  of  the  Aspergillus  strains  varied
epending  on  the  species  and  the  media  tested.  The  clear
ecrease  of  these  parameters  observed  in  the  WA  medium
ndicates  that  all  the  strains  have  a  fast  adaptation  time  to
his  medium  lacking  nutrients.  The  Aspergillus  section  Flavi
trains  need  a  longer  adaptation  time  to  the  media  supplied
ith  glyphosate  than  to  the  control  media.  In  contrast,  the
.  niger  aggregate  strains  showed  a  shorter  adaptation  time

n  supplemented  media,  as  compared  to  the  control,  except
n  the  case  of  AN  384  in  the  medium  supplied  with  glyphosate
s  source  of  carbon.  The  significant  increase  of  the  lag  phase
rior  to  growth  observed  under  certain  conditions  such  as
spergillus  section  Flavi  strains  grown  on  CZN,  CZP  and  CZC
edia  and  A.  niger  aggregate  (strain  AN  384)  on  CZC  com-
ared  to  the  CZ  medium  suggests  an  induced  nature  of  the
egradation  process.
In  the  literature,  there  are  conflicting  results  regarding
he  impact  of  glyphosate  on  fungal  growth  and  few  data  on
ts  effect  on  Aspergillus  strains.  In  a  previous  work,  Car-
anza  et  al.11,  reported  lag  phases  values  of  18---23  h  from

t
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w

ly  carbon  source  CZC  (B),  Czapek  Dox  medium  without  K2HPO4

C)  and  nitrogen  source  CZN  (D),  at  10  days  of  incubation.

ontoxigenic  Aspergillus  section  Flavi  strains  grown  on  low
utrient  status  medium  (soil-based  medium)  supplied  with
---20  mM  of  glyphosate  at  −0.70  MPa.  However,  the  values
btained  in  this  work  in  media  supplied  with  glyphosate,
xcept  for  strain  AN  251  (lag  phase  9  h  in  CZN  medium),  are
ower  than  those  mentioned  above.  By  comparison  with  the
resent  results,  the  A.  niger  aggregate  strains  had  previ-
usly  shown  longest  lag  phases  (30---51  h)  when  grown  under
he  same  conditions  mentioned  above12.  These  results  show
hat  several  factors  such  as  water  availability,  nutritional
tatus  of  the  medium  and  tested  strains,  among  others,  are
nvolved  in  the  length  of  the  lag  phase.  This  adaptation
eriod  is  explained  as  the  time  necessary  for  the  cells  to
ynthesize  the  enzymes  that  are  essential  for  growth  when
hey  have  been  introduced  into  a  new  environment.  This
hase  or  acclimation  time  is  frequently  observed  between
he  time  a  chemical  enters  an  environment  and  the  time
icrobial  degradation  is  evident2.
When  studying  the  growth  rate,  we  observed  that

he  Aspergillus  section  Flavi  strains  showed  a  significant
ncrease  in  this  parameter  in  the  treatment  with  glyphosate
s  nitrogen  source.  In  addition,  similar  values  were  observed
etween  the  CZC  and  the  CZP  media.  In  the  A.  niger  aggre-
ate  strains,  the  highest  values  depended  on  the  strain  and
ere  found  both  in  the  CZN  and  the  CZP  media.  The  growth

ate  values  obtained  in  this  study  with  the  Aspergillus  sec-

ion  Flavi  strains  (around  4.5  mm/day)  are  lower  than  those
reviously  found  with  these  fungi  growing  on  soil-based
edium  supplied  with  5---20  mM  of  glyphosate  at  a  higher
ater  potential  (−1.38).  However,  similar  values  were  found
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tial  hazard  to  human  health.  The  nontoxigenic  Aspergillus
Aspergillus  growth  in  glyphosate  media  

at  −2.78  and  −7.06  MPa11.  With  regard  to  the  A.  niger  aggre-
gate  strains,  lower  growth  rate  values  were  observed  in  this
study  as  compared  to  those  previously  found  at  −1.38  and
−2.78  MPa12.

Reddy  et  al.32 reported  that  two  A.  flavus  strains  isolated
from  agricultural  soils  had  similar  radial  growth  values  on
rich  medium,  control  medium  and  medium  supplied  with  5
and  10  mM  of  glyphosate  after  14  days  of  incubation.  Nev-
ertheless,  the  radial  growth  of  both  strains  was  reduced  by
approximately  50  and  80%  at  5  and  10  mM  of  glyphosate,
respectively,  in  a  medium  lacking  nutrients.  Although  the
conditions  of  that  study  were  different  from  those  in  the
present  work,  the  results  would  be  comparable  even  though
no  inhibition  of  growth  was  observed  in  the  different  media
supplied  with  glyphosate  and  the  response  of  the  Aspergillus
strains  depended  on  the  medium  composition  and  the  way
the  herbicide  is  used.

Hasan18 evaluated  the  capacity  of  Aspergillus  spp.  to  use
organophosphate  pesticides  in  vitro  and  in  soil.  This  author
reported  that  the  number  of  A.  flavus  colonies  increased
with  0.5  mM  of  glyphosate  used  as  the  only  source  of  car-
bon.  A.  niger  and  A.  flavus, among  other  fungi,  used  and
grew  in  the  presence  of  5  pesticides  (glyphosate  among
them)  as  phosphorus  source  and  showed  more  than  a  50%
increase  in  mass  growth.  In  addition,  they  showed  a  produc-
tion  of  phosphatase  enzymes,  which  efficiently  hydrolyzed
the  pesticides,  suggesting  that  these  species  are  important
degraders  of  organophosphate  compounds.  Krzyśko-Łupicka
et  al.21 observed  that  glyphosate  (at  10  mM)  as  phospho-
rus  source  in  the  CZ  medium  supported  exceptionally  well
the  growth  of  three  fungi  including  A.  niger. However,  their
strains  only  grew  on  the  CZ  medium  supplied  with  this  pes-
ticide  as  the  sole  source  of  phosphorus.  Previous  findings
have  suggested  the  ability  of  some  fungi  to  biodegrade
glyphosate  and  to  use  it  as  a  source  of  phosphorus,  whereas
only  a  limited  number  of  strains  (Mucor  spp.,  Rhizopus  spp.
and  Fusarium  spp.)  would  use  the  herbicide  as  a  source
of  carbon13,20.  Studying  other  fungi,  Krzyśko-Łupicka  and
Sudol22 reported  that  Fusarium  solani  and  Fusarium  oxys-
porum  strains  do  not  use  glyphosate  as  a  source  of  carbon
but  as  a  source  of  phosphorus.  In  the  presence  of  glyphosate
(as  the  sole  source  of  phosphorus)  applied  at  concentrations
of  1.0  and  1.5  mM,  the  increase  in  the  dry  mass  of  the  tested
fungi  was  highly  significant.  Only  one  strain  was  capable
of  using  glyphosate  as  the  sole  source  of  nitrogen.  Simi-
larly,  Arfarita  et  al.4 showed  that  five  genera  of  soil-borne
fungi,  among  them  Aspergillus  sp.,  were  able  to  grow  con-
sistently  on  a  standard  medium  supplied  with  glyphosate.
In  addition,  Scopulariopsis  sp.  and  Verticillium  sp.  had  a
significant  growth  in  CZ  medium  containing  glyphosate  as
the  sole  source  of  phosphorus.  In  summary,  most  of  the
works  reported  the  use  of  glyphosate  as  carbon  or  phospho-
rus  source  by  fungal  species.  The  results  from  the  present
work  partially  agree  with  those  from  previous  studies  due  to
the  capacity  of  the  Aspergillus  strains  to  develop  in  culture
media  supplied  with  glyphosate  not  only  as  phosphorus  or
carbon  source  but  also  as  a  source  of  nitrogen.  Other  impor-
tant  aspect  to  consider  in  this  study  is  that  more  than  one
isolate  was  used  to  represent  each  species.  The  inherent

biological  variation  may  be  substantial  among  different  indi-
viduals  of  the  same  species.  Therefore,  the  effects  may  vary
depending  on  the  strains  being  studied.
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Overall,  the  morphological  changes  in  different  culture
edia  were  similar  in  the  two  studied  species.  Velutinous

r  slightly  floccose  colonies  with  abundant  sporulation  were
bserved  when  glyphosate  replaced  the  phosphorus  source.
y  comparison,  colonies  presented  sparse  sporulation  on
ZC  or  CZN  media  and  their  aspect  was  completely  different
rom  that  in  other  media.  A  consistent  coloration  of  conidia
as  observed  among  the  three  media  in  the  A.  niger  aggre-
ate  strains.  In  the  Aspergillus  section  Flavi  strains,  golden
ellow  colonies  were  observed  on  the  CZP  medium  unlike
he  typically  olive  green  colonies  exhibited  by  this  species
n  the  rest  of  the  evaluated  media,  especially  in  the  control
Z  medium.

There  is  no  information  on  the  macroscopic  changes
f  the  Aspergillus  species  growing  in  the  presence
f  glyphosate  (commercial  formulations).  Tanney  and
utchison39, who  studied  other  fungal  species  isolated  from
oreal  forest  soil,  reported  a  complete  or  partial  inhibi-
ion  of  colony  pigmentation  and  sporulation  when  growing
ungi  in  rich  media  with  low  glyphosate  levels  (≥1  �g/ml).
orrespondingly,  Krzyśko-Łupicka  and  Sudol22 reported  that
usarium  strains  showed  morphological  changes  in  the  pres-
nce  of  glyphosate  applied  as  sole  source  of  phosphorus  in
imilar  concentrations  to  those  used  in  the  present  study
0.5---2.0  mM).

Several  studies  confirmed  a  significant  reduction  of
porulation  and  subsequent  spore  germination  in  phy-
opathogenic  fungi  in  the  presence  of  glyphosate  (commer-
ial  formulations)  in  vitro23,35,41. Depending  on  the
ersistence  of  these  effects,  sensitive  species  may  undergo

 decrease  in  fitness  relative  to  their  tolerant  counter-
arts  when  exposed  to  glyphosate.  The  results  here  partially
oncur  with  those  mentioned  above  since  inhibition  of  sporu-
ation  in  the  Aspergillus  strains  was  only  observed  when
lyphosate  was  used  as  a  source  of  carbon  or  nitrogen.
pparently,  sporulation  is  related  to  the  metabolism  devel-
ped  by  the  strains  more  than  to  the  concentration  of  the
erbicide  since,  in  culture  media  with  similar  concentrations
CZN  and  CZP),  the  sporulation  pattern  was  different.  In  sup-
ort  of  this  fact,  Alvarenga  da  Silva  et  al.3 recently  reported
n  the  excellent  growth  of  A.  sydowii, Penicillium  raistrickii
nd  Trichoderma  sp.  on  solid  culture  medium  in  the  pres-
nce  of  the  organophosphate  pesticide  profenofos.  Thus,
he  observed  phenotypic  changes  result  from  changes  in  the
enetic  apparatus.  However,  phenotypic  changes  were  not
ersistent.  After  inoculation  of  fungi  in  the  CZ  full  medium,
ll  the  strains  showed  the  typical  morphological  features.
verall,  the  changes  in  the  coloration  of  the  mycelium  are

nduced  by  the  stress  caused  by  the  application  of  the  herbi-
ide.  Given  the  complexity  of  these  morphological  changes,
t  is  not  possible  to  deepen  this  discussion.

Glyphosate,  among  other  pesticides,  plays  an  impor-
ant  role  in  the  modern  agriculture  of  several  countries.
lyphosate  is  recognized  as  a  cost-effective  method  for  con-

rolling  pests,  thus  improving  productivity  of  crops  and  food
uality.  However,  the  excessive  and  frequent  application  of
his  herbicide  is  related  to  a  risk  of  accumulation  of  its
esidues  in  agricultural  crops,  which  represents  a  poten-
ection  Flavi  and  A.  niger  aggregate  strains  evaluated  in
his  study  showed  a  satisfactory  growth  performance  with
lyphosate  in  vitro, especially  when  used  as  sole  source
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f  phosphorus  or  nitrogen.  Consequently,  it  is  possible  to
uggest  that  these  strains  have  potential  for  degrading
lyphosate.

Further  microcosm  studies  will  allow  to  investigate
he  optimal  environmental  conditions  for  these  strains  to
egrade  glyphosate  and  to  study  the  decomposition  prod-
cts  formed.  Despite  the  fact  that  several  fungi  that  degrade
rganophosphorus  compounds  have  been  reported,  it  is
mportant  to  consider  that  these  fungal  strains,  which  are
ative  from  Argentine  agricultural  soils,  are  adapted  to  the
reas  where  glyphosate  is  frequently  applied.  This  fact  sug-
ests  their  possible  use  in  local  agriculture.
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2. Krzyśko-Łupicka T, Sudol T. Interactions between glyphosate
and autochthonous soil fungi surviving in aqueous solution of
glyphosate. Chemosphere. 2008;71:1386---91.

3. Larson RL, Hill AL, Fenwick A, Kniss AR, Hanson LE, Miller SD.
Influence of glyphosate on Rhizoctonia and Fusarium root rot in

sugar beet. Pest Manag Sci. 2006;62:1182---92.

4. Lehmann V, Pengue WA. Herbicide tolerant soybean: just
another step in a technology treadmill. Biotechnol Dev Monit.
2000;43:11---4.

http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0215
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0220
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0225
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0230
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0235
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0240
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0245
http://www.bolsadecereales.com.ar/pas
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0255
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0260
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0265
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0270
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0275
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0280
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0285
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0290
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0300
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0305
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0310
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0315
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0320
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0325
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330
http://refhub.elsevier.com/S0325-7541(17)30081-0/sbref0330


3

3

3

3

3

4

4

Pyrenophora teres. Can J Plant Pathol. 2001;23:307---11.
42. Zheng Y, Long L, Fan Y, Gan J, Fang J, Jin W. A review on the
Aspergillus  growth  in  glyphosate  media  

25. Lupwayi NZ, Harker KN, Clayton GW, O’Donovan JT, Blackshaw
RE. Soil microbial response to herbicides applied to glyphosate-
resistant canola. Agric Ecosyst Environ. 2009;129:171---6.

26. Magan N. Ecophysiology: impact of environment on growth, syn-
thesis of compatible solutes and enzyme production. In: Boddy
L, Frankland JC, van West P, editors. Ecology of saprotrophic
basidiomycetes. Amsterdam: Elsevier, Ltd; 2007.

27. Muzio J, Hilbert JA, Donato L, Arena P, Allende D. Technical
comments data biodiesel from soybeans directorate general
for energy and transport. Instituto Nacional de Tecnología
Agropecuaria (INTA); 2008, document number IIR-BC-INF-14-08.

28. Pengue WA. Transgenic crops in Argentina: the ecological and
social debt. Bull Sci Technol Soc. 2005;25:314---22.

29. Peruzzo PJ, Porta AA, Ronco AE. Levels of glyphosate in surface
waters, sediments and soils associated with direct sowing soy-
bean cultivation in north pampasic region of Argentina. Environ
Pollut. 2008;156:61---6.

30. Pitt JI, Hocking AD. Fungi and food spoilage. 3rd ed. Sydney, Aus-
tralia: CSIRO Division of Food Science and Technology, Academic
Press; 2009.

31. Ramadevi C, Nath MM, Prasad MG. Mycodegradation of
malathion by a soil fungal isolate, Aspergillus niger. Int J Basic
Appl Chem Sci. 2012;2:108---15.

32. Reddy KN, Abbas HK, Zablotowicz RM, Abel CA, Koger CH. Myco-
toxin occurrence and Aspergillus flavus soil propagules in a corn
and cotton glyphosate-resistant cropping systems. Food Addit
Contam. 2007;24:1367---73.

33. Samson RA, Noonin P, Meijer M, Houbraken J, Frisvad JC, Varga

J. Diagnostic tools to identify black Aspergilli. Stud Mycol.
2007;59:129---45.

34. Samson RA, Houbraken J, Thrane U, Frisvad JC, Andersen B.
Food and indoor fungi, 2. Utrecht, The Netherlands: Centraal
393

Bureau voor Schimmel Cultures-Utrecht, CBS Laboratory Manual
Series; 2010. p. 390.

5. Sanogo S, Yang XB, Scherm H. Effects of herbicides on
Fusarium solani f. sp. glycines and development of sudden
death syndrome in glyphosate-tolerant soybean. Phytopatho-
logy. 2000;90:57---66.

6. Séralini GE, Clair E, Mesnage R, Gress S, Defarge N, Malatesta M,
Hennequin D, Spiroux de Vendômois J. Long term toxicity of a
Roundup herbicide and a Roundup-tolerant genetically modified
maize. Food Chem Toxicol. 2012;50:4221---31.

7. Strange-Hansen R, Holm PE, Jacobsen OS, Jacobsen CS. Sorp-
tion, mineralization and mobility of N-(phosphonomethyl)
glycine (glyphosate) in five different types of gravel. Pest Manag
Sci. 2004;60:570---8.
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