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Abstract. — The occurrence of helical cell wall thickenings in fem roots is not well investigated and
there are few records about it in the literature. To assess the presence of thickenings and their
chemical composition, we studied all species of Polypodiaceae, which grow in northwestern
Argentina, using light microscopy, scanning electron microscopy, and fluorescence microscopy.
Twenty of the twenty-one species studied showed the thickening in the roots. Only in Melpomene
peruviana are helical cell wall thickenings absent. All thickenings have cellulose as the main
compound. The stmcture of the thickening may be classified as simple, furcate, or anastomosing.
All data presented in this paper corroborate the same stmcture and chemical composition of
thickenings previously reported for Aspleniaceae.
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The  presence  of  a  tissue  similar  to  the  velamen  has  been  previously  recorded
in  the  outer  cortical  zone  of  roots  for  some  Polypodiaceae.  Geisenhagen  (1901,
apud  Pande,  1935]  was  the  first  author  to  describe  helical  thickenings  in  cell
walls  of  ferns,  namely  Niphobolus  penangianus  Hook.  Also  Pande  (1935]
reported  thickenings  in  the  root  cortical  parenchymatic  cells  of  Niphobolus
adnacens  (Sw.)  Kaulf.  (=  Pyrrosia  lanceolata  (L.)  Farw.),  and  observed  pits  in
the  cell  wall  between  these  thickenings.  These  thickenings  appear  as  strands
internally  in  the  cells.  Ognra  (1972)  reported  something  similar  for  roots  of
Pyrrosia,  but  gave  no  details.

Schneider  (1997)  studied  the  root  anatomy  of  the  Aspleniaceae  and  reported
spiral  wall  thickenings  in  the  outer  cortex  of  some  species.  He  mentioned  that
these  thickenings  can  also  be  found  in  epiphytic  ferns  such  as  Grammitida-
ceae,  Polypodiaceae,  and  in  some  Vittariaceae,  but  he  did  not  present
additional  details.  He  suggested  that  these  cells  with  helical  thickenings
function  like  the  cells  of  the  velamen  of  Orchidaceae.

Recently,  Leroux  et  al.  (2011)  investigated  the  structure  of  these  root  cortical
cells  for  96  specimens  (representing  72  species)  of  Aspleniaceae  and
designated  them  as  helical  cell  wall  thickenings  (henceforth  called  ‘thicken-
ings’).  These  authors  defined  them  as  simple  helical  thickenings  that  branch
dichotomously,  sometimes  forming  a  net-like  pattern.  They  also  determined
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Fig.  2.  Mean and Standard  deviation  (95% confidence  intervals)  of  (A)  Thickening’s  size;
(B) Number of thickenings per cell.
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Histochemical  results  indicate  that  the  inner  cortex  did  not  stain  red  with
Phloroglucinol,  indicating  a  lack  of  lignin  (Fig.  IB).  This  was  further
confirmed  with  the  differential  coloration  Safranine-Astra  Blue  (Fig.  IC).
Observations  made  under  the  Fluorescence  Microscope  showed  that  this  tissue
has  cellulose  (Fig.  ID).

All  tests  for  the  presence  of  suberin  were  negative  for  the  inner  or  outer
cortex,  but  the  overall  result  was  positive  for  the  endodermis,  because  of  the
presence  of  the  Casparian  bands.

Measurements  of  all  studied  species  were  carried  out  and  final  results  are
presented  in  Table  2  and  Fig.  2.  The  Campyloneurum  species  (C.  aglaolepis,  C.
lorentzii,  and  C.  tucumanense)  do  not  show  significant  differences  in  the
width  of  the  thickenings.  The  number  of  helical  thickenings  per  cell  is  quite
variable  among  the  species.  For  example  in  C.  tucumanense,  a  rupicolous
species,  there  are  9-45  thickenings  per  cell,  whereas  C.  lorentzii  (Fig.  3A),  an
epiphytic  or  rupicolous  species  17^0  strands.  Compared  to  other  species,
Lellingeria  tunguraguae  showed  the  narrowest  thickenings  (0.5-1.  2  pm)  and
least  number  of  thickenings  per  cell.  The  species  of  Pecluma  (P.  barituensis,  P.
filicula,  P.  oranensis,  and  P.  venturii),  all  epiphytes,  have  similar  thickenings.
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Thickening types. (A) Simple and furcate; (B) Furcate and anastomosing: (C) Anastomosing, among
strands there are primary field pits (p); (D) Detail of the cell wall showing irregular deposits of
cellulose on the thickenings (d). (A, D) Campyloneumm aglaolepis; (B, C) Pleopeltis tweediana.

resembling  those  of  Microgramma.  Phlebodium  areolatum  (also  epiphytic)  has
thin  thickenings  (about  1.0  pm  wide)  and  the  biggest  amount  of  thickenings  per
cell.  The  species  of  Pleopeltis  [P.  hirsutissima  (Fig.  3B),  P.  bryopoda  (Fig.  3C),
P.  macrocarpa,  P.  minima  (Fig.  3D),  P.  pinnatifida,  P.  pleopeltidis,  and  P.
tweediana),  all  of  which  are  epiphytic,  had  the  largest  thickenings  measure-
ments,  from  0.9-^.4  pm  wide  (Table  2).

Polypodium  chrysolepis  and  Serpocaulon  gilliesii  showed  similar  measure-
ments  between  them  in  relation  to  the  width  and  number  of  thickenings  per
cell.

In  general  the  number  of  thickenings  per  cell  varies  from  15-25  for  most  of
the  species  studied.  Campyloneumm  lorentzii  and  Phlebodium  areolatum,
which  are  primarily  epiphytic  or  rarely  rupicolous,  have  about  30  thickenings
per  cell.

Most  of  the  species  studied  had  thickenings  that  were  simple  or  furcate
(Table  2).  Pleopeltis  bryopoda,  a  saxicolous  fern,  has  more  furcate  thickenings
than  simple  ones,  and  there  are  several  per  cell.  Some  of  the  furcate
thickenings  joined  each  other,  but  did  not  form  a  net  or  reticulum.  This  kind
of  anastomosing  is  present  in  50%  of  the  analyzed  taxa  (Fig.  4A-C).
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On  the  other  hand,  Leroux  et  al.  (2011)  demonstrated  that  thickenings
support  a  monophyletic  (BS  100%)  group  in  Asplenium.  Unfortunately,  our
data  for  Polypodiaceae  are  preliminary  to  conclude  any  relation  among  the
groups  into  the  family  based  on  the  thickenings.

Because  the  regions  of  contact  among  the  furcate  thickenings  are  few
(Figs.  4A,  D),  we  called  these  thickenings  ‘anastomosing’  (Figs.  4B,  C)  and  not
reticulate.  On  the  other  hand,  the  main  kinds  of  thickenings  observed  were
simple  or  furcated  (Figs.  4A,  D).  Only  in  the  epiphytic  species  of  Micro-
gramma,  Phlebodium,  and  Pleopeltis  are  the  anastomosing  thickenings
predominant;  in  Campyloneurum,  another  genus  with  epiph34;e  species,  these
anastomosing  thickenings  are  few.  According  to  Pande  (1935)  and  Ogura
(1972),  the  thickenings  in  Polypodiaceae  are  helical  and  simple,  whereas
Leroux  et  al.  (2011)  classified  the  thickenings  of  Aspleniaceae  into  three  types:
simple,  furcate,  and  reticulate.

Our  results  demonstrate  the  absence  of  pits  in  the  thickenings.  Leroux  et  al.
(2011)  also  reported  this  for  the  Aspleniaceae.  In  the  Polypodiaceae  Pande
(1935)  cited  the  presence  of  primary  pit  fields  only  in  the  cell  wall  between  the
thickenings.

About  the  chemical  composition  of  secondary  cell  wall  of  roots,  our  results
for  different  stains,  fluorescence,  and  Phloroglucinol/HCl  test  revealed  that  the
thickenings  are  basically  formed  of  cellulose  and  that  there  is  no  deposition  of
lignin  on  them.  Leroux  et  al.  (2011)  pointed  out  the  same  conclusions  for
Aspleniaceae.  Additionally  these  authors  commented  that  the  thickenings
present  in  the  cell  wall  of  the  external  cortical  root  zone  are  related  to  the
mechanical  protection  of  these  small  roots,  acting  as  skeleton  to  the  delicate
roots  of  Aspleniaceae  species  to  avoid  root  collapse  during  the  dry  periods  in
terrestrial,  rupicolous,  and  epiphyte  plants.  The  same  interpretation  might  be
applied  to  the  species  of  Polypodiaceae  here  investigated.  Among  the  analyzed
species,  all  species  of  Pleopeltis  (that  are  mainly  epiphytic)  showed
pronounced  development  of  the  thickenings,  probably  as  an  adaptation  to
their  revivescent  ecology.

Given  our  results  and  those  previously  published  (Schneider,  1997;  Leroux
et  al.,  2011),  thickenings  are  known  only  for  Eupolypods  I  (in  Polypodiaceae),
Eupolypods  II  (in  Aspleniaceae)  (Smith  et  al.,  2006),  respectively.  Therefore,
this  character  might  be  better  explored  for  all  Polypodiaceae  members.  It  is
highly  probable  that  these  structures  appear  in  other  members  of  Polypodiales,
but  more  studies  are  needed  to  confirm  this  hypothesis.  In  fact,  the  presence  of
this  structure  in  other  groups  of  ferns,  their  types,  and  its  evolution  into  ferns
and  lycophytes  remains  obscure.
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