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Abstract  Plant  growth  promoting  microorganisms  play  a  substantial  role  in  current  plant  pro-
duction practices.  Yeasts  have  shown  a  promising  role  in  enhancing  plant  production.  We  studied
the production  of  indole  3-acetic  acid  (IAA)-like  compounds  in  three  psychrotolerant  Patagonian
native yeast  strains.  The  yeast  Tausonia  pullulans  CRUB  1772,  Candida  saitoana  CRUB  1770  and
Saccharomyces  eubayanus  CRUB  2014  were  evaluated  using  the  Salkowski’s  colorimetric  tech-
nique and  high-performance  liquid  chromatography  (HPLC).  T.  pullulans  CRUB  1772  was  the
highest producer  of  IAA-like  compounds  using  the  colorimetric  technique.  Nevertheless,  none
of the  tested  yeasts  reached  the  production  level  of  the  bacterial  strain  A.  argentinense  Az39
used as  positive  control.  The  HPLC  analysis  revealed  that  only  C.  saitoana  CRUB  1770  and  S.
eubayanus CRUB  2014  were  able  to  truly  produce  IAA.  Other  peaks  were  also  observed,  which
might correspond  to  intermediate  compounds  within  the  IAA  biosynthetic  pathway.
© 2024  The  Authors.  Published  by  Elsevier  España,  S.L.U.  on  behalf  of  Asociación  Argentina
de Microbioloǵıa.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Resumen  Los  microorganismos  promotores  del  crecimiento  vegetal  juegan  un  papel  impor-
tante en  las  prácticas  de  producción  vegetal  actuales.  Las  levaduras  han  mostrado  un  rol
prometedor  para  mejorar  la  producción  vegetal.  En  este  trabajo  se  investigó  la  producción
de compuestos  tipo  ácido  indol-3-acético  (AIA)  en  3  levaduras  psicrotolerantes  nativas  de
la Patagonia:  Tausonia  pullulans  CRUB  1772,  Candida  saitoana  CRUB  1770  y  Saccharomyces
eubayanus  CRUB  2014.  Para  ello  se  utilizó  la  técnica  colorimétrica  con  el  reactivo  de  Salkowski
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y  cromatografía  líquida  de  alto  rendimiento.  El  mayor  productor  de  compuestos  tipo  AIA  por
colorimetría  fue  T.  pullulans  CRUB  1772.  Sin  embargo,  ninguna  de  las  levaduras  alcanzó  los
niveles de  producción  de  la  bacteria  Azospirillum  argentinense  Az39,  utilizada  como  control
positivo. El  análisis  por  cromatografía  líquida  de  alto  rendimiento  reveló  que  solo  C.  saitoana
CRUB 1770  y  S.  eubayanus  CRUB  2014  fueron  capaces  de  producir  AIA.  También  se  observaron
otros picos,  que  podrían  corresponder  a  compuestos  intermediarios  de  la  vía  biosintética  del
AIA.
© 2024  Los  Autores.  Publicado  por  Elsevier  España,  S.L.U.  en  nombre  de  Asociación  Argentina
de Microbioloǵıa.  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  Detection  of  auxin-like  compound  production  by
colorimetric  techniques  using  Salkowski’s  reagent.

Species  Auxin-like
compounds  (�g
IAA/ml)

Azospirillum  argentinense  Az39*  20.32  ±  2.45
Candida  saitoana  CRUB  1770  1.23  ±  0.18
Tausonia  pullulans  CRUB  1772  9.46  ±  2.63
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Plant  growth  promoting  microorganisms  (PGPM)  arise  as
 biotechnological  tool  to  reduce  the  use  of  chemical  fer-
ilizers  and  enhance  food  production,  when  searching  for
ustainable  practices  in  agriculture.  Several  reports  support

 promising  role  of  yeasts  as  PGPM  due  to  the  produc-
ion  of  plant  hormones  and  other  growth  regulators1,11,12,15.
hytohormones,  such  as  auxins,  have  been  associated  with
nhanced  root  growth  leading  to  improved  water  and  nutri-
nt  uptake  by  plants,  with  indole  3-acetic  acid  (IAA)  being
he  most  found  natural  auxin4.  Moreover,  auxin  production
as  been  studied  as  PGPM  marker  for  yeasts,  and  the  reports
nclude  a  variety  of  species  within  Ascomycota  and  Basid-
omycota  Phyla  such  as  Candida  tropicalis1,  Meyerozyma
uillermondi8,  Williopsis  saturnis  and  Rhodotorula  glutini11,
orulaspora  globosa  and  Rhodotorula  mucilaginosa2.

In  recent  years,  many  yeast  species  were  isolated  from
othofagus  native  forests  in  Patagonia9.  In  these  cold-
emperate  woods,  the  reported  yeast  community  included
pecies  which  were  not  commonly  reported  in  PGPM  studies
nvolving  yeasts.  Several  Patagonian  yeasts  were  characte-
ized  as  potential  plant  growth  promoters  due  to  their  ability
o  produce  auxin-like  compounds9,10.  The  potential  of  these
easts  is  worth  mentioning,  since  in  cold-temperate  regions,
he  use  of  cold-adapted  or  psychrotolerant  yeasts  with  plant
rowth  promoting  features  could  be  an  attractive  strategy
o  promote  sustainable  agriculture.  In  the  present  study,
e  explored  the  production  of  the  auxin  IAA  as  a  plant
rowth  promoting  feature  produced  by  Tausonia  pullulans
RUB  1772,  Candida  saitoana  CRUB  1770  and  Saccharomyces
ubayanus  CRUB  2014  isolated  from  soil  in  northwestern
atagonia10.  These  three  yeast  strains  are  part  of  the  Yeast
ollection  of  the  Centro  Regional  Universitario  Bariloche,
niversidad  Nacional  del  Comahue  (Argentina),  and  have
reviously  been  proposed  as  plant  growth  promoters9,10.

Colorimetric  detection  and  quantitative  assessment  of
AA-like  compounds  was  performed  in  supernatant  from  liq-
id  cultures  in  DEV+glu  medium  (NaCl  5  g/l,  soy  peptone
0  g/l,  glucose  5  g/l)  with  0.1%  tryptophan,  using  three
iological  replicates10.  All  cultures  were  incubated  for  7
ays  at  20 ◦C,  and  later  centrifuged  to  recover  the  super-
atants.  Detection  of  IAA-like  compounds  was  performed
sing  Salkowski’s  reagent  (FeCl 12  g/l,  H SO 7.9  M)  fol-
3 2 4

owed  by  absorbance  determination  at  530  nm  in  an  EPOCH
 Microplate  Reader  (Biotek).  The  quantification  of  IAA-like
ompounds  was  performed  by  the  external  standard  calibra-
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Saccharomyces  eubayanus  CRUB2014  3.33  ±  1.40

* Bacterial strain used as positive control.

ion  technique  using  a  commercial  IAA  (Sigma)  and  informed
s  IAA  equivalents  (�g  IAA/ml).  Therefore,  IAA  was  used
s  a  proxy  for  auxin  production.  Azospirillum  argentinense
z39,  formerly  Azospirillum  brasilense  Az393,  was  used  as  a
ositive  control.  The  colorimetric  determination  rendered
ositive  results  for  all  yeast  strains,  although  the  concen-
ration  produced  was  variable  (Table  1).  When  compared
ith  A.  argentinense  Az39,  the  production  of  IAA-like  com-
ounds  by  yeasts  was  lower  (two  to  ten  times  lower).  The
ighest  IAA-like  compound  production  was  registered  for  T.
ullulans  CRUB  1772  (9.46  ±  2.63  �g  IAA/ml).

For  the  detection  of  IAA  by  high-performance  liquid  chro-
atography  (HPLC),  the  three  strains  were  cultivated  in

iquid  DEV+glu  medium  (NaCl  5  g/l,  soy  peptone  10  g/l,  glu-
ose  5  g/l)  with  0.1%  tryptophan  for  7  days  at  20 ◦C,  using
hree  biological  replicates.  All  cultures  were  centrifuged  to
ecover  the  supernatant  and  filtered  with  0.22  �m  nylon
embrane  prior  to  injection  into  the  HPLC  system.  The
PLC  equipment  consisted  of  a  multisolvent  delivery  sys-
em  (Waters  600E)  with  a photodiode  array  detector  (Waters
998),  controlled  with  Empower  2  software.  Separation  was
erformed  at  room  temperature,  using  a  RP-C18  column
Phenomenex),  25  cm  ×  4.6  mm  and  particle  size  5  �m.  The
obile  phase  was  water/methanol/acetic  acid  (70:29:1)

/v  at  a  flow  rate  of  0.8  ml/min  and  the  volume  injected
f  each  filtered  culture  was  40  �l.  The  eluted  compounds
ere  monitored  at  280  nm,  and  UV  spectra  (200---500  nm)
ere  recorded  for  peak  characterization.  Quantifications

ere  performed  using  the  external  standard  method  and

AA  (Chemlm  Ltd.)  standards,  with  concentrations  ranging
rom  0.01  mM  to  0.50  mM.  The  quantification  of  every  peak
as  performed  with  the  same  calibration  curve  and  were
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Table  2  Detection  of  indole  3-acetic  acid  (IAA)  in  three  yeast  strains  by  HPLC.

Retention  time  (min)  Peak  quantification  in  IAA  units  (�g  IAA/ml)

9.8  10.6  11.0  11.7  12.6

IAA  (standard;  0.1  mM)  ---  ---  ---  ---  17.52
Candida saitoana  CRUB  1770 --- 3.85  ---  1.58  1.58
Tausonia pullulans  CRUB  1772 2.45  --- 2.28  6.66  ---
Saccharomyces  eubayanus  CRUB2014 --- 0.18  --- 31.01  0.18
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---: undetected peak.
Values in bold correspond to the highest concentration in each sa

eferred  as  IAA  units  in  �g IAA/ml  (MWIAA =  175.19  g/mol).
he  HPLC  detection  method  revealed  the  presence  of  five
istinct  peaks  (Table  2).  The  peak  of  IAA  had  a  retention
ime  of  12.6  min.  This  peak  was  observed  in  the  supernatant
f  C.  saitoana  CRUB1770  and  S.  eubayanus  CRUB2014  but
as  missing  in  T.  pullulans  CRUB1772  supernatant.  More-
ver,  the  three  yeast  strains  shared  the  presence  of  a  peak  at
1.7  min;  C.  saitoana  CRUB1770  and  S.  eubayanus  CRUB2014
hared  a  peak  at  10.6  min  while  T.  pullulans  CRUB1772  super-
atant  was  the  only  one  that  exhibited  peaks  at  9.8  and
1.0  min.

In  our  study,  the  production  of  IAA-like  compounds  was
bserved  for  all  the  tested  yeasts,  although  their  production
evels  were  lower  than  those  observed  for  A.  argentinense
z39  under  the  same  culture  conditions.  A  similar  trend
as  reported  by  Amprayn  et  al.1,  who  observed  that  the  A.
rasilense  sp245  strain  showed  higher  IAA  production  (30  �g
AA/ml)  than  that  of  the  Candida  tropicalis  strain  evalu-
ted  in  their  study  (2.6  �g  IAA/ml).  The  literature  on  IAA
roduction  by  yeasts  reports  a  wide  range  of  production  lev-
ls,  including  3---22  �g  IAA/ml11,  2---30  �g  IAA/ml14 and  up
o  600  �g  IAA/ml2.  In  addition  to  the  potential  influence  of
ifferent  detection  techniques  in  the  final  yield,  our  find-
ngs  support  the  claim  that  the  level  of  IAA-like  compound
roduction  is  strain-specific5,7,13.  Several  IAA  biosynthetic
athways  have  been  proposed  in  a  wide  variety  of  microor-
anisms,  and  tryptophan  is  the  most  common  precursor
or  IAA  biosynthesis,  though  tryptophan-independent  path-
ays  also  exist4.  The  tryptophan-dependent  IAA  biosynthesis
athways  include  two  well-studied  routes,  named  after  their
ntermediate  compounds:  the  indole-3-pyruvic  acid  path-
ay  and  the  indole-3-acetamide  pathway4.  In  the  present

tudy,  we  were  able  to  detect  by  HPLC  the  presence  of  IAA
n  culture  supernatant  from  S.  eubayanus  CRUB2014  and  C.
aitona  CRUB1770.  Nevertheless,  the  IAA  peak  (retention
ime  12.6  min)  was  not  detected  in  T.  pullulans  CRUB1772
ultures,  which  was  the  strain  with  the  highest  concentra-
ion  of  IAA-like  compound  determined  by  the  colorimetric
echnique.  The  three  yeast  strains  showed  a  peak  at  a
etention  time  of  11.7  min,  and  this  peak  had  a  significant
rea  in  T.  pullulans  CRUB1772  supernatant.  Nassar  et  al.11

eported  the  production  of  the  intermediate  compound
ndole-3-pyruvic  acid  in  the  IAA  biosynthetic  pathway  in  W.
aturnis  and  R.  glutini. Our  hypothesis  is  that  the  peak

t  a  retention  time  of  11.7  min  might  correspond  to  an
ntermediate  compound  in  the  IAA  biosynthetic  pathway
hat  is  accumulated  in  T.  pullulans  CRUB1772,  instead  of
AA.  Furthermore,  Glickman  and  Dessaux6 reported  that

l
w
m
a

37
he  colorimetric  technique  using  Salkowski  detects  indole-
-pyruvic  acid  and  indole-3-acetamide  as  well  as  IAA.  These
ntermediate  compounds  may  be  adding  up  to  the  concen-
ration  recorded  with  the  colorimetric  determination.  This
upports  the  hypothesis  of  the  presence  of  intermediate
ompounds  in  the  supernatant,  possibly  indole-3-pyruvic
cid,  and/or  indole-3-acetamide.  Therefore,  positive  results
hen  using  the  colorimetric  technique  could  include  sev-
ral  IAA-related  compounds.  This  is  why  we  encourage  the
se  of  the  statement  ‘‘auxin-like  compound  production’’  or
‘IAA-like  compound  production’’  (when  using  IAA  as  stan-
ard  for  quantification)  to  describe  the  results  obtained
sing  colorimetric  detection  techniques  to  avoid  ambiguous
r  misleading  result  interpretation.

Temperature  is  a  major  driver  for  microorganism
etabolism,  as  evidenced  by  a  lower  concentration  of

AA-like  compounds  detected  in  our  work  at  20 ◦C  for  A.
rasilense  Az39  (whose  growth  temperature  ranges  from
0  to  38 ◦C)  than  previously  reported3.  This  suggests  that
he  use  of  inoculants  based  on  mesophilic  PGPM  such  as  A.
rasilense  Az39  in  cold-temperate  regions  may  not  render
he  expected  results.  The  three  yeasts  strains  used  in  our
tudy  presented  optimal  growth  temperatures  under  25 ◦C
nd  endured  freezing  conditions  in  soil;  therefore,  the  use
f  such  psychrotolerant  yeasts9 could  be  a  more  suitable  tool
n  cold-temperate  production  environments.  The  interme-
iate  compounds  produced  by  the  yeasts  may  not  directly
ffect  plant  metabolism,  but  they  may  be  used  by  other
GPM  in  the  soil.  Hence,  it  would  be  worth  exploring  the
bility  of  T.  pullulans  CRUB1772  to  enhance  IAA  biosynthetic
athways  in  A.  brasilense  Az39  and  other  PGPM  by  supplying
ntermediate  compounds  (moving  forward  the  IAA  biosyn-
hetic  pathway)  at  a  low  temperature,  which  may  lead  to

 novel  tool  for  sustainable  agricultures  in  cold-temperate
egions.

To  conclude,  the  present  manuscript  confirmed  the  pro-
uction  of  IAA  by  two  of  the  studied  Patagonian  yeasts,
long  with  other  possible  IAA-related  yet  unknown  com-
ounds  using  HPLC.  Nowadays,  HPLC  is  a  separation  and
uantification  technique  adopted  worldwide;  nevertheless,
ts  application  in  developing  countries  could  somehow  be
imited  due  to  financial  restrictions.  Additionally,  the  use  of
olorimetric  techniques  with  Salkowski’s  reagent  (a  simple,
ast  and  cheap  routine  assay)  is  still  an  invaluable  tool  for

arge-scale  screening  of  auxin-like  compound  production,
hich  allows  the  selection  of  potential  plant  growth  pro-
oting  microorganisms  (including  yeasts).  Here  we  present

 novel  HPLC  protocol  for  the  detection  of  IAA  using  minimal
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ample  preparation,  avoiding  time-  and  money-consuming
hytohormone  extraction  methods.  This  protocol  could  be
sed  to  confirm  the  presence  of  IAA  in  samples  from
arge-scale  screening  using  colorimetric  techniques.  To  our
nowledge,  this  is  the  first  confirmed  report  of  IAA  produc-
ion  in  cold-adapted  yeasts  from  Patagonia,  which  also  opens

 novel  line  of  research  on  the  study  of  IAA  biosynthetic
athways  in  yeasts  in  Argentina.

unding

his  work  was  supported  by  the  ‘‘Universidad  Nacional  del
omahue-Centro  Regional  Universitario  Bariloche’’  under
rant  04-B200;  ‘‘Fondo  para  la  Investigación  Científica  y
ecnológica  (FONCYT)’’  under  Grant  PICT  2018-3441.

onflict of interest

he  authors  declare  that  they  have  no  conflicts  of  interest.

eferences

1. Amprayn K-O, Rose MT, Kecskés M, Pereg L, Nguyen HT, Kennedy
IR. Plant growth promoting characteristics of soil yeast (Candida
tropicalis HY) and its effectiveness for promoting rice growth.
Appl Soil Ecol. 2012;61:295---9.

2. Borges de Oliveira T, Bizarria Junior R, Godoi Silva L, Rosa-
Magri MM. Rhizosphere yeast Torulaspora globosa with plant
growth promotion traits and improvement of the development
of tomato seedlings under greenhouse conditions. Afr J Agric
Res. 2019;14:935---42.

3. dos Santos Ferreira N, Coniglio A, Puente M, Hayashi Sant’Anna
F, Maroniche G, García J, Molina R, Nievas S, Gazolla Volpi-
ano C, Ambrosini A, Passaglia LMP, Pedraza RO, Massena Reis V,
Zilli JE, Cassan F. Genome-based reclassification of Azospirillum
brasilense Az39 as the type strain of Azospirillum argentinense

sp. Nov. Int J Syst Evol Microbiol. 2022;72:005475.

4. Duca D, Lorv J, Patten CL, Rose D, Glick BR. Indole-3-acetic
acid in plant---microbe interactions. Antonie van Leeuwenhoek.
2014;106:85---125.

1

37
m,  M.E.  Severino  et  al.

5. Fernandez-San Millan A, Farran I, Larraya L, Ancin M, Arregui
LM, Veramendi J. Plant growth-promoting traits of yeasts
isolated from Spanish vineyards: benefits for seedling develop-
ment. Microbiol Res. 2020;237:126480.

6. Glickmann E, Dessaux Y. A critical examination of the
specificity of the Salkowski reagent for indolic compounds pro-
duced by phytopathogenic bacteria. Appl Environ Microbiol.
1995;61:793---6.

7. Kachalkin A, Glushakova A, Streletskii R. Diversity of endophytic
yeasts from agricultural fruits positive for phytohormone IAA
production. BioTech. 2022;11:38.

8. Limtong S, Koowadjanakul N. Yeasts from phylloplane and their
capability to produce indole-3-acetic acid. World J Microbiol
Biotechnol. 2012;28:3323---35.

9. Mestre MC, Fontenla S, Bruzone MC, Fernández NV, Dames
J. Detection of plant growth enhancing features in psychro-
tolerant yeasts from Patagonia (Argentina). J Basic Microbiol.
2016;56:1098---106.

0. Mestre MC, Severino ME, Fontenla S. Evaluation and selection
of culture media for the detection of auxin-like compounds and
phosphate solubilization on soil yeasts. Rev Argent Microbiol.
2021;53:1---10.

1. Nassar A, El-Tarabily K, Sivasithamparam K. Promotion of plant
growth by an auxin-producing isolate of the yeast Williopsis sat-
urnus endophytic in maize (Zea mays L.) roots. Biol Fertil Soils.
2005;42:97---108.

2. Nutaratat P, Srisuk N, Arunrattiyakorn P, Limtong S. Plant
growth-promoting traits of epiphytic and endophytic yeasts iso-
lated from rice and sugar cane leaves in Thailand. Fungal Biol.
2014;118:683---94.

3. Streletskii RA, Kachalkin AV, Glushakova AM, Demin VV, Cher-
nov IY. Quantitative determination of indole-3-acetic acid in
yeasts using high performance liquid chromatography---tandem
mass spectrometry. Microbiology. 2016;85:727---36.

4. Tapia-Vázquez I, Sánchez-Cruz R, Arroyo-Domínguez M, Lira-
Ruan V, Sánchez-Reyes A, Sánchez-Carbente MR, Padilla-Chacón
D, Batista-García RA, Folch-Mallol JL. Isolation and charac-
terization of psychrophilic and psychrotolerant plant-growth
promoting microorganisms from a high-altitude volcano crater

in Mexico. Microbiol Res. 2020;232:126394.

5. Xin G, Glawe D, Doty SL. Characterization of three endophytic,
indole-3-acetic acid-producing yeasts occurring in Populus
trees. Mycol Res. 2009;113:973---80.

4

http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0080
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0085
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0090
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0095
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0100
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0105
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0110
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0115
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0120
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0125
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0130
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0135
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0140
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0145
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150
http://refhub.elsevier.com/S0325-7541(24)00160-3/sbref0150

	Do psychrotolerant Patagonian soil yeasts produce 3-indole acetic acid?
	Funding
	Conflict of interest
	References


