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Spore  Germination  and  Early  Gametophyte  Development  of

Platycerium  bifurcatum

Marjana  Camloh
000

gametophytes
Gametophyt

opportunities  for  studying  various  aspects  of  growth  and
1987).  Furthermore,  their  existence  is  a  boon  to  fern  genel vitro

has  been  used  to  study  different  aspects  of  germination  and  early  game
lent  in  many  fern  species  (Nester  &  Coolbaugh,  1986;  Von  Aderkas  &
Whittier,  1981).  Considerable  information  has  also  accumulated  on  th<
t  substances  on  spore  germination  and  gametophyte  growth  (Mclan  5

Whittier,  1990;  Miller  &  Wagr
In  Platxcerium.  these  kinds

germination  of  spores  was  investigated  (Nagman
ntal  stages  of  gametophytes  were  studied  (Thcnti

Moncousin.  1984;  Camloh
spore  gennination  and  early  gametophyte  development  of  Platycerium  bifurcatum

The
germination  were  examined.  Stained  whole-mount  preparauons

determination
Material  and  Methods

bifurcatum
Hoshizaki,  University  of  California.  They  were  harvested  in  her  garden  m  Los  Angcies  in
September  1991  and  stored  at  5°C  in  the  dark  until  use.  Spores  were  i.solated  from  .spo-
rangial  debris  by  filtering  water  suspensions  of  impure  spores  through  a  60  pm  nylon  fil-
ter  (Nybolt  PA-60/33).  They  were  collected  on  an  ll^tm  nylon  filler  (Nybolt  PA-11/4/C)
and  sterilized,  unless  indicated  otherwise,  first  by  a  5s  exposure  to  70%  ethanol,  followed
by  a  10  min.  exposure  to  10%  (v/v)  commercial  bleach  (4%  NaOCl)  with  a  drop  of
Tween  80  added,  and  thoroughly  rinsed  with  sterile  water.  The  water  used  for  the  stenl-
ization  procedure  and  media  preparation  was  purified  with  a  Milipore  punficaUon  system
(Milli  Ro  Plus  and  MilU-Q  Plus  uniO-

Approximately  1000  spores  were  sown  for  each  replicate  on  the  surface  of  3ml  Miller
medium  (Miller  &  Miller,  1961)  in  which  Fe  citrate  was  replaced  with  NaFeEDTA.  The
pH  was  adjusted  to  5.7-5.8  before  autoclaving.  The  combinations  of  added  Difco-Bacto
agar  and  sucrose  as  well  as  the  sterilization  are  presented  in  Table  1  .  For  solidified  media

iametcr  3cm)  were  used.  Liquid  media  were  placed  in  tubes

diameter
photoperiod  at  8.1-10.8Wm-2,  provided  by  65-Watt  fluorescent  lamps.  The  spores

pt  in  these  conditions  from  3  to  10  days.
The  germination  percentage  was  determined  3  and  6d  after  spore  sowing.  The  d
»n  of  spore  germination  was  Uie  emergence  of  a  rhizoid  through  tlie  spore  coal
indred  spores  per  replicate  were  scored.  The  length  of  the  first  rhizoid  was  measu
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Table 1. Tl.e % agar and sucrose used in different media. Spore sterilization is also indicated.

medium A B C D E F G*

agar (%)
sucrose {%)

0.8
3

0.6
3

0.4
3 3

♦unsterilizcd spores

gamctophyte  cell  number  was  determined

and
examined

There  were  2-3  replicates  per  treaanent  and  all  experiments

parameters
between
;s and hi;

For  detailed  observation  of  cell  divisions,  spores  were  sown  on  medium  F  in  tubes  witli
period

game
Miller

incd  each  time.  Photomicrographs  were  obtained  by  an  Opton  Axioskop.
Results

The  %  of  spore
The  gcnnination  percentages

gcnnination  tx:curred  when  unsterilizcd  spores  were  used  (G)  and  the  gcnnination  per-
cenmgc  was  significantly  higher  (p<0.05)  than  in  most  of  the  oUier  media.  On  tlic  solid
media  (A-D),  no  significcuit  differences  on  spore  germination  were  observed  in  spite  of

A B C D E F G

medium
Fig. 1. Effect of various media on rliizoid lengtji after 4 (open squares), 6 (solid squares) and 8 (open circle:)
days in culture (for medium labels .see Table 1). Symlxils witliout error bars had standard errors smaller than the
symbols.
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Table 2. The effect of various media and sterilization on spore germination. Percentage of spore germination
determined 3 and 6d after sowing. Data represents mean values from 12-3 replicate samples ± SE.

% germination
medium* 3d 6d

A
B
C
D
E
F
G

56.0±2.2
54.4±0.8
52.4+5.3
53.5±5.5
47.3±1.6
50.3±3.6
68.2±3.6

66.013.8
73.012.2
64.1±0.3
67.6±6.0
59.8±3.8
68.811.4
87.210.6

'for medium labels see Table 1.

various  agar  and  sucrose  conccnu-ations.  On  liquid  media  (E  and
centages  were  slightly  lower  (after  3d)  or  similar  (after  6d)  to  the

Rhizoid
can

comparisons  between  agar-free  and  solid  media  but  also  from  the  increased  rhizoid  lengdi
When

zoids  were  significantly  longer  (p<0.001)  than  in  media  with  higher  concentrauons  (A
and  B).  The  average  rhizoid  length  of  gametophytes  grown  for  6  or  8d  in  liquid  media
increased  2-3  fold  as  compared  to  soUd  media.

The  absence  of  sucrose  in  the  solid  media  (D)  significantly  (p<0.001)  increased  the  rhi-
zoid  length,  but  not  in  liquid  media.  It  is  worthwhile  to  mention  that  die  unsterihzed

medium
(ope

(solid Circles) days in culture (for medium labels see Table 1). Symbols witliout error bars had standard errors
smaller than the symbols.
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spores  in  liquid  media  liad  Uie  longest  rhizoids.  No  morphological  rhizoid  abnormal
expci

game
media  gametophytes  have  a  significantly  (p<0.001  or  p<0.01)  higher  number  of  cells  than
on  solid  media.  The  difference  between  liquid  and  solid  media  was  visible  after  6d  in  cul-
ture  and  increased  considerably  to  the  end  of  the  experiment.  Among  the  agar  concentra-
tions  tested,  a  significanfly  lower  number  of  cells  (p<0.001)  was  obtained  only  after  lOd

The
numbers

nificantly  higher  cell  numbers  were  obtained  only  after  8d  in  a  sucrose  enriched  medium
(E)  (p<0.05).  The  cell  number  from  unsterilized  spores  after  6  and  8d  was  comparable  to
sterilized  spores,  while  after  lOd  it  was  lower.

The  dry  spores  of  P.  bifurcatum  are  tan,  slightly  kidney-shaped  with  a  smooth  cxine.
After  2d  in  culture  the  nucleus  was  generally  at  the  proximal  pole  of  the  spore  and  in
some  spores  it  had  already  divided  (Fig.  3).  After  the  division  of  the  nucleus,  the  first
asymmeu-ic  division  of  tlic  spore  cell  occurs  which  yields  the  rhizoid  initial.  The  rhizoid
initial  which  grew  through  tlie  exine  at  the  proximal  pole,  represented  the  first  microscop-

spores  after  3-4d
(Fig.  4).  The  rhizoid  initial  elongated  and  formed

approximately  6d  in  culture,  tlic  larger  cell  arising  from  the  first  asymmetric  division
divided  asymmetrically  by  a  wall  parallel  to  the  polar  axis  of  the  spore  and  gave  rise  to  a

filament
about  8d  in  culture.  At  the  same

oped  (Fig.  7).  After  lOd  in  culture,  longitudinal  cell  divisions  were  commonly  observed
in  the  protonemal  filament  and  were  initiated  more  often  in  the  subtenninal  than  in  the
terminal  cells  (Fig.  8).  The  wall  of  the  longitudinal  division  was  oriented  at  90""  to  the
earlier  filament  walls  or  was  displaced  slightly  to  one  side.  The  formation  of  twin  pro-
tonemata  accompanied  witli  rhizoid  development  was  also  observed  (Fig.  9).  After  lOd  in
culture  as  high  as  6.2%  of  germinated  spores  generated  two  protonemata  (data  not
shown).

Discussion
The expt

gametophyt
Moncousin lOg/1)  and  sucrose  (5-30g/l)  did  not

spore  germination  of  P.  bifurcatum  after  lOd  in  culture.  However,  Raghavan
reported

germination
and the outgrowth of rhizoid and

was  defined  as  emergence  of  a  rhizoid  out  of  a  spore  coat,  and  we  obtained  even  slightly
lower  or  similar  germination  percentages  in  liquid  as  in  solid  media,  it  is  obvious  tliat
solid  media  did  not  prevent  the  breakage  of  spore  coat.  However,  from  results  obtained
on  rhizoid  elongation  and  protonemata  development  (Fig.  1  and  2)  it  is  apparent  that  solid
media  have  an  inliibitive  effect  on  both  processes.  Since  specific  ions  are  important  in  the
germination  and  development  of  feni  spores  (Miller  &  Wagner,  1987;  Haupt,  1985)  the
reason  for  differences  in  rhizoid  elongation  and  protonemata  development  obuiined  in
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Figs. 3-9. Whole mounts of stained preparaUons of gern^naUng spores and "^^, ^TS" jj^S^i^ ^
gametophytes. All bars = 20^™. Fig. 3. Spore after 2d in culture. Tlie nucleus 7^^'-'' ''^;  ̂f^,  ̂j^^^^^^^
Ae proximal pole of the spore. Fig 4. Appearance of the rh,7x>id tn.Ual ou^de «^e exrj^^^^^^'^f™ J^n',
opi ng from tlie small proximal cell of tlie first asymn.ctri^di vision of die spore. T^e ""^^^"^  ̂"^'^j^^/j;^  ̂^f^^„
also 'visible; 3d m culture. Fig. 5. Rhizoid is elongating. The nucleus of die d^-^'^l'^"''^^'^^^^^^^^^
the formati;n of the protonema initial; 4d in culture. Fig. 6. GerminaUng spore  ̂'"-■"fjl" J> J ^^^J J^°'~
cell; 8d in culture. Kg. 7. Two rhizoids developing on a protonema with a few cdl . f  ̂m cuj "re- ^g.
Longitudinal division has already occurred and is clearly visible in ^•^i^"'^^.^""";' J ' »  ̂  ̂fon^H lament
Formation of twin proConemata accompanied by rhizoid development. D.v.s.on m both cells to form
are visible; lOd in culture.
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various
medium

From  our  results  it  is  evident  that  sucrose  has  no  promotive  effect  on  either  spore  ger-
mination  or  early  gametophyte  growth,  except  for  rhizoid  elongation  in  solid  media.
Probably  spores  have  enough  endogenous  carbohydrates  for  germination  and  early  game-
tophyte  development.  This  is  not  valid  for  growth  of  older  gamctophytes  which  gave
optimal  growth  at  4%  of  sucrose  in  the  medium  (Camloh  and  Gogiila,  1992).

The  best  germination  was  obtained  when  unsterihzed  spores  were  used.  This  might  be
due  to  the  use  of  eOianol  and  NaOCl  in  the  sterilization  process.  Viuious  alcohols  have
been  reported  to  delay  or  inhibit  germination  of  various  fern  spores  (Miller,  1987),  while
Ca2+,  which  is  essential  for  spore  germination,  is  extracted  from  Onoclea  spores  by
NaOCl  (Miller  &  Wagner,  1987).  We  must  also  point  out  that  even  if  die  germination  and

contamination

occurs  especially  after  lOd  of  culture.  Tliis  contamination
number obtained lOd

many orgaitic  and
nants  (Pierik,  1987)  and  maybe  some  of  them  cause  at  least  part  of  the  differences
between  liquid  and  solid  media  as  well  as  between  media  with  different  agar  concentra-
tions.

The  morphology  of  germination  obtained  from  stained  whole-mount  preparations  and
living  spores  is  similar  as  described  for  Platycerium  coronarium  and  P.  veitchii  (Nagmani
&  Raghavan,  1983)  even  tiiough  tiie  spore  sectioning  is  needed  for  confimiation  of  these
observations.  The  exception  is  tlie  occurrence  of  the  first  rhizoid  initials  akeady  after  2
days  in  culture  and  Qiat  after  3  days  about  half  of  tiie  spores  develop  rhizoid  initials  or
elongating  rhizoids  (Table  2).  Nagmani  &  Raghavan  (1983)  reported  Uiat  the  rhizoid  ini-

occurs 4 to 6 day
These

and
The

these  divisions  were  initiated  more  often  in  subtenninal  tlian  in  terminal  cells,  although
termin

tudinal  wall  to  initiate  planar  morphology  and  tiiat  a  division  wall  only  occasionally
appears  in  the  subtenninal  cell.  The  development  of  twin  protonemata  accompanied  witii
rhizoids  was  another  interesting  phenomenon  observed  during  the  experiment.  According
to  Miller  &  Greany  (1976),  treatment  of  Onoclea  sensibilis  spores  with  methanol  induces
tiie  fonnation  of  twin  protonemata  as  a  result  of  symmetrical  division  of  spores  while  dif-

Maybe  in  our  experiments
ilization

are import
bifurcatum.  In  conclusion,  spore

day
and

determined
bifurcatum

germination  and  gamelophyt
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