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INTRODUCTION

Many d ev elo p em en ta l s tu d ie s  have been  done on A rceuthobium  

and r e l a t e d  g e n e ra  o f th e  L o ra n th a c e a e . A m a jo r i ty  o f th e s e  i n 

v e s t ig a t io n s  have been r e s t r i c t e d  to  th e  e n d o p h y tic  system  and v a r 

io u s  a s p e c ts  o f  embryo developem ent* S e v e ra l  p a p e rs  have been  pub

l i s h e d  on m eg a sp o ro g e n es is , em bryogeny, endosperm  fo rm a tio n  and endo

sperm  h a u sto riu m  developem ent b u t th e r e  i s  l i t t l e  agreem ent among 

th e s e  in v e s t ig a t io n s *  Johnson  ( I 888) g iv e s  one o f th e  e a r l i e s t  a c 

c o u n ts  o f embryo sac  developem ent i n  A* o x y c e d r i* L a te r  i n v e s t i 

g a t io n s  a ls o  d e s c r ib e  embryo sac  developem ent and embryogeny (Tho- 

day and Jo h n so n , 1930; Dowding, 1931; G i l l ,  193$; K u i j t ,  19$$; Cohen, 

1963; and M aheswhari and B h an d ari, 196$)* Jones and Gordon (196$) 

g iv e  one o f th e  m ost d e ta i l e d  a cc o u n ts  o f embryo sa c  developem ent, 

endosperm  fo rm a tio n , and h a u s t o r i a l  developem ent in  A* d o u g la s i i *

I n v e s t ig a t io n s  on embryo sac  developem ent o f  r e l a t e d  g en era  o f  

th e  L o ran th aceae  a re  more d e ta i l e d  th an  th o se  on th e  genus A rceu— 

thob ium * Some o f  th e s e  i n v e s t i g a t io n s  f in d  th e  embiyo sac  in  

c e r t a i n  s p e c ie s  to  be o f  a  b i s p o r ic  ”A llium  ty p e " ( S t e in d l ,  193$; 

R u t is h a u s e r ,  1937; and S ch aep p i, 19U$) w h ile  otheratfLnd embryo 

sa c s  o f a  m onosporic "Polygonum ty p e "  (M aheshwari and S in g h , 19$2; 

J o r h i ,  A graw al and G arg , 19$7; and N arayana, 19$U, 1 9 $ 8 ). Due 

to  th e  la c k  o f d e t a i l  and agreem ent i n  th e s e  s tu d ie s  on th e  d e v e l

opement o f  th e  embryo sa c  and endosperm  o f A rceuthobium  th e r e

i s  a  need f o r  a d d i t i o n a l  m o rp h o lo g ica l s tu d y  o f th e  s p e c ie s  o f  

t h i s  g e n u s . T h is p a p e r  w i l l  be l im i te d  to  th e  s tu d y  o f  one s p e c ie s



(A rceuthobium  am ericanian) and w i l l  be c o n fin e d  to  th e  d e v e lo p s  

m ent o f  m eg asp o ro cy te s , embryo s a c ,  endosperm , endosperm  h a u s to r 

ium , and e a r l y  em bryogeny.
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MA.TERIALS AND METHODS

Specim ens o f s ta m in a te  and p i s t i l l a t e  f lo w e rs  o f  A rceu th o -  

binm am ericannm  were c o l l e c t e d  w eekly  from  A ugust 196U t o  A ugust 

1965 w ith  th e  e x c e p tio n s  o f  th e  f o u r th  week o f  A ugust I 96U; t h i r d  

and f o u r th  week o f  November 196b; t h i r d  and f o u r th  week o f  Decem

b e r  196b ; t h i r d  week o f  A p r i l  1965; and th e  f i r s t  and f o u r th  week 

o f  J u ly  1965* C o l le c t io n s  w ere made in  v a r io u s  l o c a l i t i e s  w ith  

th e  b u lk  o f  th e  c o l l e c t i n g  b e in g  made i n  Lolo N a tio n a l  F o r e s t ,  

L olo Hot S p rin g s  a r e a ,  35 m ile s  w e st o f  M issou la  on th e  Lewis 

and C la rk  Highway* A few c o l l e c t io n s  were made in  th e  C a r lto n  

C reek a re a  15 m ile s  so u th  o f  M isso u la  on Highway 93 and one c o l 

l e c t i o n  from  G la c ie r  N a t io n a l  Park* A lthough th e  m a te r ia l s  were 

c o l l e c t e d  i n  v a r io u s  l o c a l i t i e s  th e  i n t e r n a l  and e x te r n a l  anatomy 

o f  th e  s ta m in a te  and p i s t i l l a t e  f lo w e rs  was s im i la r  r e g a r d le s s  o f  

th e  a re a  c o l l e c te d  in*  C o l le c t io n s  from  th e  above l o c a l i t i e s  

show v e ry  l i t t l e  tim e la g  i n  d ev e lo p m en ta l s ta g e s .

C o lle c te d  m a te r ia l  was im m ed ia te ly  f ix e d  i n  F o rm aitn-Ac e t i c -  

A lc o h o l, b ro u g h t i n to  th e  l a b o r a to r y ,  and a s p i r a t e d  under g e n t le  

vacuum f o r  tw e lv e  hours*  I n d iv id u a l  f lo w e rs  and c l u s t e r s  o f 

f lo w e rs  were p ro c e sse d  th ro u g h  th e  T e r t i a r y  B u ty l A lcoho l dehy

d r a t in g  s e r i e s  and im bedded i n  56^-57° P a r a p la s t  (Jo h a n se n , 19bO), 

S e r i a l  s e c t io n s  were c u t  on th e  r o t a r y  m icrotom e a t  10 , 1 2 , and 

l5  m icrom s, and  s ta in e d  by th e  F eu lgens n u c le a r  r e a c t io n  and 

c o u n te r s ta in e d  w ith  F a s t  Green FCF (Jo h a n se n , 19bO). Cover s l i p s  

w ere m ounted over th e  s t a in e d  s e c t io n s  w ith  H a rleco  S y n th e tic  

R esin*  A ll  m o rp h o lo g ica l s tu d ie s  and pho tom icrog raphs were c o n -



4 i-

d u c te d  u n d er phase  c o n t r a s t  m icroscopy*

L ine d raw ings have  been  i n s e r t e d  a t  th e  end o f  th e  te x t*  

Many o f  th e s e  sch em atic  draw ings w i l l  n o t  be d i r e c t l y  r e f e r r e d  

to  in  th e  t e x t  o f  th e  paper*  However, th e  r e a d e r  i s  r e f e r r e d  

to  them in  o rd e r  to  f a c i l i t a t e  i n t e r p r e t a t i o n  o f  th e  embryo s a c ,  

endosperm , and h a u s to riu m  developem ent*



RESULTS

D evelopm ent o f  th e  O varian  P a p i l l a .  —  A. am ericanum . l i k e  

o th e r  members o f th e  g e n u s , d ev e lo p es  an o v a r ia n  p a p i l l a .  T his 

dom e-shaped s t r u c tu r e  c o n s is t in g  o f lo o s e ly  a rra n g e d  is o d ia ra e tr io  

parenchym a c e l l s  a r i s e s  à t  th e  b ase  o f  th e  o v a r ia n  c a v i ty .  A 

d i s t i n c t  e p id e rm is  d e l im i t s  th e  p a p i l l a  from th e  su rro u n d in g  c a r 

p e l  w a l ls  and a t  no tim e  does th e  p a p i l l a  ad h e re  to  th e  c a r p e l  

w a l l s .  New f l o r a l  in c e p t io n s  can be observed  i n  March and s e c 

t io n s  r e v e a l  t h a t  th e  p a p i l l a  h a s  n o t  d i f f e r e n t i a t e d  a t  t h i s  t im e .

By June th e  p a p i l l a  i s  d i f f e r e n t i a t i n g  and i n  A ugust m egasporo

c y te s  a re  d i f f e r e n t i a t i n g .  By Septem ber th e  two m egasporocytes 

have e lo n g a te d  to  t h e i r  maximum s iz e  b u t  m egaspo rogenesis  does 

n o t o c cu r u n t i l  th e  fo llo w in g  s p r in g .

D evelopm ent o f  th e  M egasporocy tes.  — Two m egasporocy tes 

d i f f e r e n t i a t e  in  th e  hypoderm al l a y e r  o f each  p a p i l l a  by A ugust.

The a r c h e s p o r ia l  c e l l  d ev e lo p es d i r e c t l y  in to  th e  m egasporocyte  

w ith  no e v id e n ce  o f a  p r i o r  d iv i s io n  in to  a  p rim ary  p a r i e t a l  c e l l  

and a p rim a ry  sporogenous c e l l .  The m egasporocy tes e n la rg e  a t  

th e  expense o f  th e  su rro u n d in g  parenchym a c e l l s  a lth o u g h  no c ru sh ed  

c e l l s  w ere n o ted  in  th e  re g io n  o f  t h e i r  e n la rg e m e n t. Each m egaspor- 

o cy te  can e a s i l y  be d is t in g u is h e d  from th e  su rro u n d in g  parenchym a 

c e l l s  by i t s  l a r g e  s i z e ,  dense cy top lasm  and la r g e  n u c leu s  (F ig . 1 -  

2 ) .  The o v a ria n  p a p i l l a  canno t be c o n s id e re d  a t r u e  ovu le  because  

th e  embryo sa c s  imbedded i n  i t  do n o t d e v e lo p s  in teg u m en ts  and 

th e  p a p i l l a  i t s e l f  i s  fo rc e d  a s id e  d u rin g  em bryogenesis and 

form s no p a r t  o f  th e  m ature f r u i t .  Because o f th e  la c k  o f  i n t e g 

um ents i t  i s  d i f f i c u l t  to  a c c e ss  a n a to m ic a l r e l a t i o n s h ip s  to  th e
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einbryo s a c .  F or th e  sake o f  d is c u s s io n  th e  te rm s " low er"  and 

"u p p er"  w i l l  be em ployed i n  o rd e r  to  e s t a b l i s h  th e  p o l a r i t y  o f  

th e  embryo sac* The term  "low er"  w i l l  be u sed  to  den o te  t h a t  

p o r t io n  o f  th e  sac  w hich c o n ta in s  th e  egg a p p a ra tu s  and th e  term  

"upper"  t o  in d ic a te  th e  p o r t io n  o f  th e  sac  c o n ta in in g  th e  a n t i -  

p o d a ls •

M e io s is ,  —  M egasporogenesis o c cu rs  i n  th e  sp r in g  a round  

th e  f i r s t  week i n  May, P r io r  to  t h i s  th e  r e s t i n g  m egasporocyte 

n u c le u s  l i e s  in  th e  "low er"  p o r t io n  o f  th e  c e l l .  B efo re  n u c le a r  

d iv i s io n ,  th e  n u c le u s  m ig ra te s  t o  th e  c e n t r a l  p o r t io n  o f  th e  c e l l ,  

M eio sis  o c cu rs  i n  b o th  m eg asp o ro cy te s .

The f i r s t  n u c le a r  d iv is io n  i s  p e rp e n d ic u la r  to  th e  lo n g  a x is  

o f  th e  m egasporocy te  and r e s u l t s  in  two n u c le i  w h ich , f o r  a  s h o r t  

p e r io d  o f t im e , a re  o f  e q u a l s i z e  (F ig , U)* One n u c le u s  m ig ra te s  

to  th e  " lo w er"  end o f  th e  m egasporocy te  and becomes s m a lle r  th a n  

i t s  s i s t e r  n u c le u s , A c e l l  w a l l  form s im m ed ia te ly  above th e  

low er n u c le u s  r e s u l t i n g  i n  a s m a ll ,  low er c e l l  and a much l a r g e r  

upper c e l l  ( F ig .  5 - 7 ) ,  A f te r  th e  fo rm a tio n  o f  th e  c e l l  w a l l  th e  

low er c e l l  s e p a ra te s  from th e  u p p er c e l l  ( F ig ,  7 ) ,  The second  

n u c le a r  d iv i s io n  does n o t  occu r s im u lta n e o u s ly  i n  th e  two daugh

t e r  c e l l s .  The n u c le u s  o f  th e  low er c e l l  d iv id e s  f i r s t  and no 

c e l l  w a l l  form s betw een th e  two n u c le i .  T h is  b in u c le a te ,  non

f u n c t io n a l  dyad can  be seen  f o r  ap p ro x im a te ly  two weeks d u rin g  

th e  i n i t i a l  s ta g e s  o f embryo sac  deve lopem en t. A f te r  n u c le a r  

d iv is io n  i n  th e  low er c e l l  i s  com pleted  th e  n u c le u s  i n  th e  upper 

c e l l  d i v id e s .  No c e l l  w a ll  form s betw een th e  n u c le i  and t h i s
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b in u c le a te  c e l l  i s  th e  f u n c t io n a l  dyad o r 2- n u d e a t e  embryo sac  

(F ig .  8- 1 2 ) .

D evelopm ent o f  th e  Embryo S ac# — Embryo sac  developem ent 

i n  A. americanton i s  o f  th e  b is p o r ic  "A llium  ty p e"#  The n u c le i  o f  

th e  f u n c t io n a l  dyad undergo  two n u c le a r  d iv is io n s #  The f i r s t  

d iv is io n  r e s u l t s  i n  a  L - n u d e a te  embryo sac  w ith  th e  n u c le i  r e s t 

in g  a lo n g  th e  p e r ip h e ry  o f  th e  sac  (Fig# 1 3 ) .  Up to  t h i s  p o in t  

n u c le a r  d iv i s io n  h as o c c u rre d  s im u lta n e o u s ly  i n  b o th  embryo sacs#  

F u r th e r  developem ent o f th e  two embryo sa c s  i s  a sy nch ronous; 

how ever, i n  a few in s ta n c e s  b o th  developed  i n  unison# U su a lly , 

th e  embryo sac^ w hich w i l l  be th e  non—f u n c t io n a l  s a c , i s  a r r e s t e d  

i n  th e  U -n u c le a te  c o n d it io n  w h ile  th e  o th e r  p ro ceed s to  th e  8-  

n u d e a t e  s ta g e  (F ig#  17)# S e c tio n s  o f  m a te r i a l  c o l le c te d  i n  th e  

t h i r d  week o f  May r e v e a l  8- n u c le a te  embryo sa c s  in  w hich two

groups o f  fo u r  n u c le i  l i e  a lo n g  th e  m argins o f th e  p o le s  (F ig*

i l l ) # One n u c le u s  from  each group m ig ra te s  to  a c e n t r a l  p o s i t io n  

in  th e  embryo sac  and a re  th e  p o la r  n u c le i  (F ig# U2)# The

m ature embryo sac c o n s i s t s  o f  th r e e  a n t ip o d a ls  (Fig# 1 5 -1 6 ) , two

p o la r  n u c le i  and an egg a p p a ra tu s  i n  which th e  egg l i e s  o f f  to  

one s id e  and above th e  two sy n e rg id s  r a t h e r  th a n  betw een them#

C e ll  w a l ls  form around  f iv e  o f th e  e ig h t  n u c le i  le a v in g  th e  e^g 

and two p o la r  n u c le i  w i th in  th e  same c e l l#

P o l l i n a t io n  and F e r t i l i z a t i o n # —  P o l le n  sa cs  o f  A# am erican -  

um w ere o bserved  to  be open i n  e a r l y  March and p o l le n  was found  

on th e  s tig m as l a t e r  in  t h a t  month# The p o l le n  was h e ld  to  th e  

s tig m a  by s e c r e t io n s  from  th e  p i s t i l .  P o l le n  tu b e s  grow down
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throTjgh th e  s t y l e  d u r in g  A p r i l  p re c e d in g  m egasporogenesis*  D ouble 

f e r t i l i z a t i o n  was n o t  o b se rv ed  i n  t h i s  i n v e s t i g a t io n ;  how ever, i t  

i s  assum ed t h a t  two sperm a re  R e le a se d  from  th e  p o l le n  tube  and 

t h a t  syngamjjr and t r i p p l e  fu s io n  a re  e f f e c t e d  i n  th e  u s u a l  m anner.

F e r t i l i z a t i o n  o f  th e  egg by one o f th e  male gam etes and 

f u s io n  o f  th e  second  gamete w ith  th e  p o la r  n u c le i  i n i t i a t e s  embryo 

and endosperm  d evelopem en t. P r io r  to  endosperm  and h a u sto riu m  

growth th e  embryo sa c  s e g re g a te s  i n to  two p a r t s  by th e  fo rm a tio n  

o f  a  d ia g o n a l  c e l l  w a l l .  The " i^ p e r"  chamber o f  th é  embryo sac  

c o n ta in s  t h e  p rim a ry  endosperm  n u c le u s , fu s io n  p ro d u c t o f  th e  

p o la r  n u c le i  and sperm , and th e  a n t ip o d a l s .  The " lo w er" chamber 

c o n ta in s  th e  zygo te  and sy n e rg id s  (F ig .  U3)*

D evelopm ent o f  th e  endosperm ,  h a u s to riu m  and eirfcryo.  — The 

endosperm  and h a u s to riu m  d evelops i n  two p h a se s . The endosperm  

h a u s to riu m  i n i t i a t e s  a s  a  p ro tu b e ra n c e  from  th e  "upper"  end of 

th e  sa c  (F ig . UU, U5)* I t  p ro tru d e s  i n i t i a l l y  a t  a  90* an g le  

to  th e  lo n g  a x is  o f  th e  embryo sac  and th e n  cu rv e s  downward and 

e lo n g a te s  tow ard  th e  b ase  o f  th e  p a p i l l a  (F ig .  22 , 2 S ). A t th e  

o n s e t  o f  h a u s t o r i a l  e x te n s io n  th e  p rim a ry  endosperm  n u c le u s  

d iv id e s  o n ce . One of th e  r e s u l t i n g  n u c le i  rem ain s a d ja c e n t  to  

th e  zygo te  and th e  o th e r  m ig ra te s  in to  th e  p ro tru d in g  h a u s to r 

ium ( F ig .  1 8 -2 1 ) . A c e l l  w a ll  form s betw een th e  two n u c le i  and 

in  t h i s  manner d e l im i t s  th e  endosperm  i n i t i a l  a d ja c e n t  to  th e  

zygo te  and th e  p rim ary  h a u s to riu m  (F ig . U 5). The b a s a l  p o r t io n  

o f  th #  h a u s to riu m  e n la rg e s  and becomes b u lb - l ik e  and alw ays 

rem ain s  l a r g e r  in  d ia m e te r  th a n  th e  r e s t  o f  th e  h a u s to r iu m .
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I n i t i a l  endosperm  dovelepm ent b e g in s  i n  June* The endo

sperm d ev e lo p es  a f t e r  p re l im in a ry  h a u s t o r i a l  e x te n s io n  to  th e  

b ase  o f  th e  p a p i l l a *  The endosperm  i n i t i a l  undergoes r e p e a te d  

d i v i s i o n s ,  g iv in g  r i s e  to  a s e r i e s  o f  c e l l s  w hich co m p le te ly  

su rro u n d  th e  zygo te  in  one p lane  (F ig*  2$, 26)* At t h i s  tim e 

th e  endosperm  c e l l s  a re  o r ie n te d  around  a c e n t r a l  a x is  and ap p ea r 

p l a t e - l i k e  w ith  th e  zy g o te  in  th e  c e n te r  (Fig* U6,U7)* In  t h i s  

phase  th e  endosperm  i s  composed o f  la r g e  t r i a n g u la r  to  re c ta n g u 

l a r  c e l l s *  E i th e r  d u rin g  o r im m ed ia te ly  a f t e r  p rim ary  endosperm  

fo rm a tio n , and w h ile  th e  endosperm  i s  i n  one p la n e ,  th e  h a u s to r 

ium n u c le u s  d iv id e s  r e p e a te d ly  and a f r e e  n u c le a r  c o n d it io n  

e x i s t s  f o r  a s h o r t  p e rio d  o f tim e b e fo re  c y to k e n e s is  (Fig* 21 , 

U6 ) .  E v e n tu a l ly ,  t i e r s  o f  c e l l s  form w ith in  th e  tu b u la r  h a u s

to r iu m  (F ig* 29 , 30 , U7)* The h au sto riu m  i s  p e r s i s t a n t  th ro u g h  

em bryogenesis*  I t  l i e s  imbedded in  th e  endosperm  and p o r t io n s  

o f i t  can be seen  e x te n d in g  beyond th e  b ase  o f th e  endosperm 

(F ig* 36) .  A f te r  th e  t i e r s  o f c e l l s  have form ed in  th e  haus

to r iu m  th e  la r g e  t r i a n g u la r  endosperm  c e l l s  undergo a n t i c l i n a l  

and p e r i c l i n a l  d iv is io n s  and e v e n tu a l ly  c o m p le te ly  su rro u n d  the  

z y g o te . The zygo te  d iv id e s  once a f t e r  b e in g  su rrounded  by th e  

endosperm  and rem ain s q u ie s c e n t  f o r  th r e e  to  s ix  weeks as th e  

endosperm  c o n tin u e s  to  d e v e lo p e . R apid  c e l l u l a r  d iv is io n  i n  th e  

b a s n l  p o r t io n  o f th e  endosperm  p a s s iv e ly  conveys th e  embryo up

w ard and by A ugust i t  l i e s  imbedded in  th e  endosperm n e a r th e  

apex  o f  the  o v a r ia n  c a v i ty  (F ig . 31-3U ). D uring i t s  growth th e  

endosperm  fo rc e s  i t s  way th ro u g h  th e  p a p i l l a  and in  th e  im m ature
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seed  th e  c ru sh e d  rem nan ts o f  th e  p a p i l l a  can be o bserved  o f f  

t o  one s id e  o f  th e  endosperm  (F ig* 3 1 )•

The q u ie s c e n t  s ta g e  o f  th e  embryo ends and by A ugust i t  h as 

become m u l t i c e l lu la r *  Growth o f  th e  embryo and endosperm  c e a se s  

in  Septem ber o r  e a r ly  O ctober and rem ain s in  t h i s  r e s t i n g  s t a t e  

th ro u g h  th e  w in te r*  Growth resum es in  th e  s p r in g  and th e  embryo 

i s  m atu re  and re a d y  f o r  d is s e m in a tio n  by l a t e  A ugust, app ro x im ate 

l y  28 months a f te ^ ' f l o r a l  in c e p tio n *

I n  one in s ta n c e  two embryos w ere observed  i n  th e  same endo

sperm  i n d ic a t in g  t h a t  b o th  embryo sa c s  were f e r t i l i z e d *  One 

embryo was found imbedded in  th e  apex o f  th e  endosperm  -  i t s  

norm al p o s i t io n ;  th e  o th e r  was imbedded in  th e  base  o f  th e  endo

sperm (F ig . 3h ,  35)* T h is was th e  o n ly  observed  in s ta n c e  o f  two 

embryos in  one endosperm*

When s e c t io n s  o f one fem ale in f lo r e s c e n c e  c o l l e c te d  in  March 

was a n a ly z e d , th r e e  s ta g e s  of developm ent w ere o b s e r v e d ; - f lo r a l  

i n i t i a l s ,  f lo w e rs  c o n ta in in g  m ature  m eg asp o ro cy tes , and im m ature 

seed s  w ith  w e l l  developed  endosperm  and embryos* S e c tio n s  o f  

one fem ale  in f lo r e s c e n c e  c o l l e c t e d  in  l a t e  J u ly  r e v e a le d  flo w ers  

w ith  m atu ring  m eg a sp o ro c y te s , m ature em bryos, and embryos and 

endosperm  in  v a r io u s  s ta g e s  o f developm ent* From th e  a v a i la b le  

e v id e n ce  i t  was concluded  t h a t  A* americanum  has a two y e a r  

r e p ro d u c t iv e  l i f e  cyc le*



-1 1 -

DISGUSSION

The o v a r ia n  p a p i l l a ,  p r e s e n t  i n  many g e n e ra  o f th e  

L o ra n th a c e a e , h as been  th e  s u b je c t  o f  much d is c u s s io n .  In  

A. am ericanum  ̂ i t s  developm ent a g re e s  w ith  o b s e rv a tio n s  made on 

o th e r  s p e c ie s  o f  th e  genus (Jo h n so n , 1888; Thoday and Johnson , 

1930; Dowding, 1931; G i l l ,  1935; K u i j t ,  1955; and Jones and 

G ordon, 1965)* I n i t i a l  developem en t a p p e a rs  to  be s im i la r  in  

m ost s p e c ie s  o f  A rceuthobium  b u t a s  developem ent p roceeds th e  

com pactness o f  th e  c e l l s  in  th e  p a p i l l a  ch an g e s . The p a p i l l a  o f  

A. d o u g la s i i  rem ains compact th ro u g h o u t embryo sac  developem en t. 

The p a p i l l a  o f  A. americanum b e g in s  to  d e g e n e ra te  r a p id ly  and by 

th e  tim e  th e  embryo sa c s  a re  m ature th e  c e l l s  of th e  p a p i l l a  have 

become v e ry  lo o s e ly  a r ra n g e d .

The m egasporocy tes o f  A. americanum o r ig in a te  from one o f  

th e  parenchym a c e l l s  i n  th e  hypoderm al l a y e r  o f th e  p a p i l la *

T h is parenchym a c e l l  d i f f e r e n t i a t e s  d i r e c t l y  i n to  th e  m egasporo

c y te .  The developm ent o f th e  m egasporocy tes o f  A. americanum 

a g re e s  w ith  th e  o b s e rv a tio n s  made by Jones and Gordon (1965) on 

A. d o u g la s i i .  These i n v e s t i g a t o r s  r e p o r te d  t h a t  two parenchyma 

c e l l s  lo c a te d  in  th e  hypoderm al la y e r  form ed th e  m eg asp o ro cy tes . 

At no tim e  d id  th e y  observe  a  d iv i s io n  o f th e  a rch esp o riu m .

Thoday and Johnson (1930) a ls o  f a i l e d  to  ob se rv e  any d iv is io n  in  

th e  a rc h esp o riu m . T h is d i r e c t  d i f f e r e n t i a t i o n  o f  th e  a rc h e s p o r

ium i n t o  th e  m egasporocyte  i s  in  d isa g ree m e n t w ith  th e  f in d in g s  

o f  Johnson  (1888) and Dowding (1931)* Johnson r e p o r te d  t h a t  th e  

a rch esp o riu m  o f  A. o x y ced ri d iv id e d  tw ic e . The f i r s t  d iv is io n
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r e  s t i l t e d  i n  a  s m a ll ,  upper p rim a ry  t a p e t a l  c e l l  (w hich d iv id e d  

a g a in  i n to  two s m a lle r  c e l l s )  and a  l a r g e r ,  baseJ. "m o th e r -o e ll  

o f  th e  embryo s a c * .  A second d iv is io n  o f  th e  m other c e l l  r e s u l t e d  

i n  two s m a lle r  c e l l s  a t  i t s  low er e n d . The m other c e l l  e n la rg e d  

i n to  th e  embryo s a c .  Dowding (1931) a ls o  r e p o r te d  a  d iv is io n  o f  

th e  a rc h esp o riu m  i n  \rtiich  th e  upper c e l l  became th e  embryo s a c .

Some o f  th e s e  d is o re p e n c ie s  may be e x p la in e d  i f  one c o n s id e rs  

t h a t  th e s e  i n v e s t i g a t o r s  may have been o b se rv in g  s ta g e s  o f  mega

s p o ro g e n e s is  r a t h e r  th a n  m a tu ra t io n  o f  th e  a rch esp o riu m  i n t o  th e  

m eg asp o ro cy te •

Embryo sac  developem ent i n  A. americanum  d i f f e r s  from  a l l  

r e p o r te d  c a se s  i n  th e  l i t e r a t u r e .  Johnson (1888) i n f e r r e d  t h a t  

th e  embryo sa c  o f  A. o x y ced ri fo llo w ed  th e  m onosporic "Polygonum 

ty p e * dev elo p em en t. Dowding (1931) i n f e r r e d  t h a t  A. americanum  

a ls o  fo llo w e d  th e  "Polygonum ty p e "  developem en t. The m onosporic 

"Polygonum ty p e "  has been  r e p o r te d  f o r  o th e r  g e n e ra  o f th e  L oran

th a c e a e  (M aheswari and S in g h , 19^2;  J o h r i  e t .  a l . ,  19^7;  and 

N arayana , 19S 8). Jo n es  and Gordon (196^) in d ic a te d  t h a t  th e  

embryo sa c  o f  A. d o u g la s i i  fo llo w e d  th e  t e t r a s p o r i c  "Adoxa ty p e "  

deve lopem en t. C a re fu l  s tu d y  o f  th e  p re p a re d  m a te r ia l  o f  A. 

am ericanum  shows th e  embryo sa c  to  be o f  a  b i s p o r ic  "A llium  

ty p e " .  P e rs o n a l  co rre sp o n d en ce  o f  M aheshwari and B handari (19&S) 

w ith  Gordon s t a te d  t h a t  A. m inutissjm an aLso developed  a b i s p o r ic  

ty p e  embryo s a c .  They q u e s tio n e d  Jo n es and G ordon 's  (196^) r e p o r t  

o f  a  t e t r a s p o r i c  ty p e  embryo sa c  i n  A. d o u g la s i i  and su g g e s te d  f u r 

t h e r  s tu d y  o f  t h a t  s p e c ie s .  The b i s p o r i c  ty p e  embryo sa c  h as been



r e p o r t e d  f o r  o th e r  g e n e ra  o f  th e  L o ran th ac ea e  (S te in d l  ̂  1935; 

R u t is h a u s e r ,  1937; and Schaepp i and S t e in d l ,  19U5)«

S e v e ra l  s ta g e s  o f  th e  developem ent o f  th e  embryo sac  i n  A. 

am ericanum  w ere o b se rv ed  b e g in n in g  w ith  th e  r e s t i n g  m egasporo

cy te *  A d e f i n i t e  c e l l  w a l l  i s  form ed betw een and im m ed ia te ly  

above th e  low er n u c le u s  a f t e r  th e  f i r s t  n u c le a r  d iv is io n *  The 

im m ediate d iv i s io n  o f  th e  n u c le u s  i n  th e  low er n o n - fu n c t io n a l  

dyad and th e  d e la y e d  d iv i s io n  o f  th e  n u c le u s  in  th e  f u tu r e  embryo 

sac  may a cc o u n t f o r  th e  v a r i a t i o n  i n  i n t e r p r e t a t i o n  o f  embryo sa c  

developem ent i n  o th e r  s p e c ie s  o f  th e  g en u s. R ep o rts  o f  a  p re lim 

in a r y  d iv is io n  o f  th e  a rch esp o riu m  (Jo h n so n , 1888; and Dowding, 

1931) may in  f a c t  be th e  i n i t i a l  p h ases  o f  m egasporogenesis*  

Johnson*s (1888) r e p o r t  o f  th e  m o th e r - c e l l  o f  th e  embryo sa c  

c u t t i n g  o f f  two sm a ll c e l l s  from  th e  low er end o f th e  sa c  may in  

f a c t  be th e  s e p a r a t io n  o f  th e  n o n - fu n c t io n a l  dyad a s  found in  

A* americanum* Dowding*s (1931) o b s e rv a t io n  of th e  d i s i n t e g r a 

t i o n  # f  th e  sm a ll low er d a u g h te r  c e l l  o f  th e  embryo sa c  m other

c e l l  co rre sp o n d s  t o  ou r i n t e r p r e t a t i o n  o f  th e  d i s i n t e g r a t i o n  o f  

th e  n o n - fu n c t io n a l  dyad* The m atu re  embryo sac  o f  A* americanum 

c o n ta in s  e ig h t  n u c le i  form ed from  two n u c le a r  d iv is io n s  o f  th e  

two n u c le i  in  th e  f u n c t io n a l  dyad* Dowding*s (1931) r e p o r t  o f  

a  7- n u c le a te  embryo sa c  may be due to  th e  fu s io n  o f  th e  p o la r  

n u c le i  p r i o r  t o  f e r t i l i z a t i o n *

T here i s  a  d e la y  o f  some two months betw een p o l l i n a t i o n  and 

f e r t i l i z a t i o n  i n  A* am ericanum * P o lle n  tu b e s  were o b se rv ed  to  

grow down th ro u g h  th e  s t y l e  and p e n e t r a te  th e  p a p i l l a  p r i o r  to



m eg a sp o ro g e n es is . T h is  d i f f e r s  from  m ost r e p o r t s  on o th e r  s p e c ie s  

o f  th e  g e n u s . Jo n es  and Gordon (1965) o b se rv ed  i n  A# d o u g la s i i  

t h a t  th e  p e r io d  betw een p o l l i n a t i o n  and f e r t i l i z a t i o n  was a  m a tte r  

o f  t h r e e  o r f o u r  days* Johnson (1888) r e p o r te d  a  d e la y  i n  f e r t i 

l i z a t i o n  a f t e r  p o l l i n a t i o n  i n  A* o x y c ed ri * I n  A* o x y c e d r i j p o l 

l i n a t i o n  o c cu rs  in  Septem ber and p o l le n  tu b e s  grew down in to  th e  

p a p i l l a  and rem ained  i n  c lo s e  c o n ta c t  w ith  th e  embryo sac  u n t i l  

th e  n e x t s p r in g  a t  which tim e two sperm  were r e l e a s e d .  A. oxyce

d r i  i s  a  f a l l  f lo w e r in g  s p e c ie s .

Developem ent o f  th e  h au sto riu m  and endosperm  in  A. am eri— 

cannm a g re e s  w ith  th e  f in d in g s  o f  Jo n es and Gordon (1965) i n  

A. d o u g l a s i i . A f te r  fo rm a tio n  o f  th e  p rim ary  endosperm  n u c le u s , 

by th e  f u s io n  o f  th e  p o la r  n u c le i  and male gam ete, a d ia d o n a l 

c e l l  w a l l  d iv id e s  th e  embryo sac  in to  two cham bers. The " low er" 

cham ber c o n ta in s  th e  zy g o te  and s y n e rg id s ;  th e  "upper"  chamber 

c o n ta in s  th e  p rim a ry  endosperm  n u c le u s  and a n t ip o d a l s .  The 

p rim ary  h a u s t o r i a l  p ro tu b e ra n c e  o r ig in a te s  from  th e  "upper" 

cham ber. D iv is io n  o f  th e  p rim ary  endosperm  n u c le u s  and th e  f o r 

m ation  o f  a c e l l  w a ll  betw een th e  two n u c le i  d iv id e s  th e  "upper" 

cham ber in to  an endosperm  i n i t i a l  and th e  h a u s to riu m . Thoday 

and Johnson (1930) ob serv ed  h a u s t o r i a l  e x te n s io n  and endosperm  

developem ent i n  A. p u s i l lu m . A ccording  to  t h e i r  f in d in g s ,  th e  

embryo sac  had " th r u s t  a h a u s t o r i a l  e x te n s io n  down in to  th e  b a se"  

o f  th e  p a p i l l a .  They d id  n o t o bserve  seg m en ta tio n  o f  th e  embryo 

sac  i n t o  cham bers n o r d iv i s io n  of th e  "upper"  chamber i n to  an 

endosperm  i n i t i a l  and h a u s to r iu m . A lthough th e y  found th e  h a u s -



to r iu m  t o  be p e r s i s t e n t  u n t i l  a t  l e a s t  A u g u st, th e y  d id  n o t  

o b se rv e  th e  fo rm a tio n  o f  t i e r s  o f  c e l l s .  They found o c c a s io n 

a l  d e g e n e ra te  n u c le i  w hich th e y  assumed were th e  rem nants of th e  

a n t ip o d a ls  o r endosperm  c e l l s .  T h e ir  d a ta  on endosperm  form a

t i o n  i s  s im i la r  to  o u r s .  They found a  s in g le  l a y e r  o f  endosperm  

c e l l s  su rro u n d in g  th e  zygote  and s e p a ra t in g  i t  from th e  w a l l  o f  

th e  embryo s a c .

Endosperm developm ent in  A rceuthobium  d i f f e r s  from  t h a t  

r e p o r te d  f o r  o th e r  g en era  i n  th e  f a m ily . N arayana*s (19^8) s tu d y  

on L y sian a  e x o c a rp i in d ic a te d  t h a t  th e  p rim ary  endosperm  n u c le u s  

m ig ra te d  in to  th e  low er p o r t io n  o f  th e  embryo sac  and d iv id e d  

r e p e a te d ly  to  form  a  c e l l u l a r  endosperm . D iv is io n  and e lo n g a 

t i o n  o f  th e  su sp en so r pushed th e  proembryo downward in to  th e  

endosperm . T h is  c o n d it io n  i s  found a ls o  i n  th e  genus Dendroph— 

th o e  (Narayan^ 195U) and H e lic a n th e s  ( J o h r i  e t .  a l . ,  1 9 5 7 ).

In  M aheshw ari*s te x tb o o k , ^  I n t r o d u c t io n  to  th e  Embryology o f  

A ngiosperm s, th e r e  i s  a  d is c u s s io n  o f  endosperm  fo rm a tio n  s im i la r  

to  t h a t  o f  A rceuthobium  in  th e  genus B a lan ap h o ra . T h is u n u su a l 

m ethod o f  endosperm  fo rm a tio n  i n  A rceuthobium  may be due to  th e  

la c k  o f  an em bryonic su s p e n s o r .

One i n t e r e s t i n g  a s p e c t  o f  endosperm  and h austo rium  d e v e lo p e 

ment i s  th e  i n t r i c a t e  manner in  which th e y  av o id  i n t e r a c t i o n .  The 

h a u s to r iu m , by p ro tru d in g  a t  a 90° an g le  to  th e  long  a x is  o f  th e  

embryo sac  and th e n  e lo n g a tin g  downward, a v o id s  i n t e r f e r i n g  w ith  

th e  e n c irc le m e n t o f  th e  zy g o te  by th e  endosperm .

Some s ta g e s  o f  embryogeny were fo llo w e d  and a re  i n  agreem ent



w ith  th e  f in d in g s  o f  Cohen ( I 963)* The r a p id  grow th o f  th e  endo

sperm  r u p tu r e s  th e  p a p i l l a  and th e  c ru sh ed  rem nan ts o f  th e  p a p i l l a  

can  be seen  a t  th e  base  o f  th e  o v a ria n  c a v i ty  and o f f  to  one s id e  

o f  th e  m atu re  endosperm . In  th e  p ro c e ss  o f  g row th , th e  endosperm  

c a r r i e s  th e  embryo a lo n g  w ith  i t  o u t o f  th e  p a p i l l a .  The embryo 

does n o t  m ature  u n t i l  th e  n e x t  summer a t  w hich tim e  i t  com pletes 

developem ent and i s  re a d y  f o r  d is s e m in a t io n , a p p ro x im a te ly  28 

m onths a f t e r  f l o r a l  in c e p t io n .



SUMMAET

A rceuthoblum  am ericanum  d e v e lo p es  an o v a r ia n  p a p i l l a  i n  th e  

u s u a l  manner d e s c r ib e d  f o r  th e  g e n u s . I t  c an n o t be c o n s id e re d  a  

t r u e  ovu le  s in c e  no in te g u m en ts  a re  form ed and th e  p a p i l l a  does 

n o t  form  p a r t  o f  th e  m ature  f r u i t .  Two m egasporocy tes d i f f e r e n 

t i a t e  i n  th e  summer b u t  m e io s is  does n o t  occu r u n t i l  th e  fo llo w in g  

s p r in g .  Embryo sac  developem ent i s  o f  th e  b is p o r ic  "A llium  ty p e " .  

The n o n - fu n c t io n a l  dyad d e g e n e ra te s  w i th in  two weeks a f t e r  i t s  

fo rm a tio n . P o l l i n a t io n  o ccu rs  i n  March b u t  f e r t i l i z a t i o n  i s  de 

la y e d  u n t i l  May. M eiosis  p ro ceed s s im u lta n e o u s ly  i n  b o th  mega

s p o ro c y te s .  However, d iv i s io n  o f  th e  f u n c t io n a l  dyads i s  a syn 

ch ronous and one o f  th e  embryo sa c s  i s  o f te n  a r r e s t e d  i n  th e  L - 

n u c le a te  s t a t e .  I f  b o th  embryo s a c s  develope  to  th e  6-^ u c le a te  

s t a t e ,  u s u a l ly  on ly  one d ev e lo p es  an embryo a lth o u g h  two embryos 

were ob serv ed  i n  th e  same endosperm  i n  one in s t a n c e .  A d ia g o n a l  

c e l l  w a l l  form s a f t e r  f e r t i l i z a t i o n  s e g re g a t in g  th e  embryo sac  

i n t o  two cham bers. The " low er"  chamber c o n ta in s  th e  zygote  and 

s y n e rg id s ,  th e  "upper"  chamber c o n ta in s  th e  p rim ary  endosperm  

n u c le u s  and a n t ip o d a l s .  The h a u s to riu m  p ro tru d e s  a t  a  90® a n g le  

to  th e  lo n g  a x is  o f th e  sa c  and th e n  e lo n g a te s  downward t o  th e  

b ase  o f  th e  p a p i l l a *  D iv is io n  o f  th e  p rim ary  endosperm  n u c le u s  

and th e  su b seq u e n t fo rm a tio n  o f  a  w a l l  betw een th e  two n u c le i  

d e l im i t s  th e  endosperm  i n i t i a l  a d ja c e n t  to  th e  zygote  and th e  

h a u s to r iu m . The endosperm  i n i t i a l  d iv id e s  o n ly  i n  one p la n e  and 

su rro u n d s  th e  em bryo. A f te r  e n c irc le m e n t o f  th e  embryo by th e
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endosperm , th e  f r e e  n u c le a r  h a u s to riu m  form s t i e r s  o f c e l l s .  The 

h a u s to r iu m  i s  p e r s i s t e n t  th ro u g h o u t em b ry o g en es is• F u r th e r  d i v i 

s io n  o f  th e  endosperm  in c r e a s e s  i t s  volume and conveys th e  embryo 

o u t o f  th e  p a p i l l a .  D evelopam ant o f  th e  embryo i s  a r r e s t e d  in  th e  

autumn and th e  im m ature embryo com ple tes  i t s  developem ent th e  

fo llo w in g  y e a r  and i s  m ature and re a d y  f o r  d is s e m in a tio n  a p p ro x i

m a te ly  28 m onths a f t e r  f l o r a l  in c e p t io n .
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PLATE I

F ig s#  1-6# —  L o n g itu d in a l  s e c t io n s  o f th e  ovu le  o f  A#

am ericanum  show ing th e  f i r s t  n u c le a r  d iv is io n  o f th e  

m eg asp o ro cy te . F ig .  1 -2 . S e c tio n s  o f  th e  p a p i l l a  

(p )  w ith  th e  m egasporocy te  (m) imbedded i n  i t #  The 

p a p i l l a  h a s  a  d i s t i n c t  e p id e rm is  (ep ) w hich i s  n o t 

fu se d  w ith  th e  c a r p e l  w a ll  (cw ). Fig# 3# An ovar

ia n  p a p i l l a  c o n ta in in g  two m egasporocy tes i n  m etaphase, 

The f i r s t  n u c le a r  d iv i s io n  o f  th e  m egasporocy te  i s  

p e rp e n d ic u la r  to  th e  long  a x is  o f th e  m egasporocyte# 

F ig .  U. M egasporocyte i n  te lo p h a s e .  F ig .  C e ll  

w a l l  (w) fo rm a tio n  betw een th e  two n u c le i  o f th e  

f i r s t  n u c le a r  d iv i s io n .  The upper c e l l  (u )  w i l l  g iv e  

r i s e  t o  th e  embryo s a c .  The lo w er c e l l  (1 ) w i l l  

d iv id e  a g a in  to  form  th e  n o n - fu n c t io n a l  dyad w hich 

d e g e n e ra te s .  F ig . 6 . C y to k en esis  has been  com pleted  

and th e  low er c e l l  i s  s e p a r a t in g  from  th e  upper c e l l .
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mju, m e g a s p o ro c y te ;  p ,  p a p i l l a ;  e p ,  e p id e r m is  o f  p a p i l l a ;  
C.W ., c a r p e l  w a l l ;  w, c e l l  w a l l ;  n ,  " u p p e r"  c e l l  o f  
m e g a s p o ro c y te ;  1 ,  " lo w e r"  c e l l  o f  m eg asp o ro cy te#
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PLATE I I

F ig s .  7 -1 2 . —  S e c tio n s  o f th e  oirule o f  A* ainericanum  showing 

th e  fo rm a tio n  o f  two d y a d s . F ig . 7 . T h is  s e c t io n  

shows th e  com pleted  s e p a r a t io n  o f  th e  two c e l l s  form ed 

from  th e  f i r s t  n u c le a r  d i v i s io n .  F ig . 8 -1 2 . A s e r i e s  

o f  s e c t io n s  showing th e  second  n u c le a r  d i v i s io n .  T his 

d iv is io n  r e s u l t s  i n  an upper functionsuL dyad ( f d )  and 

a  low er n o n - fu n c t io n a l  c^yad (n d ) .  The n o n - fu n c t io n a l  

dyad d e g e n e ra te s  r a p id ly  and rem ains v i s i b l e  f o r  

a p p ro x im a te ly  two weeks d u rin g  th e  developm ent o f  th e  

embryo s a c . The f u n c t io n a l  dyad may be c o n s id e re d  to  

be th e  2-n u c le a te  embryo s a c .
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e p ,  e p id e r m is  o f  p a p i l l a ;  f . n , ,  "u p p e r"  c e l l  of the 
m e g a s p o ro c y te ;  n . m . ,  " lo w er"  c e l l  o f  t h e  m e g a s p o ro c y te ;  
f . d , ,  f u n c t i o n a l  d y ad ;  n . d . ,  n o n - f u n c t i o n a l  d y a d .
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plate III
F ig s .  13-17* —  S e c tio n s  o f  A. americaninn showing th e  h and 8-n u c le a te  

s ta g e s  o f  th e  embryo s a c .  F ig .  13# O varian  p a p i l l a  (p )  con

t a i n i n g  a  U -n iic lea te  embryo sa c  ( e s ) .  The n u c le i  l i e  a lo n g  th e  

p e r ip h e ry  o f  th e  s a c .  Note t h a t  th e  n o n - fu n c t io n a l  dyad i s  no 

lo n g e r  v i s i b l e .  F ig .  l i i .  An im m ature 8-n u c le a te  embryo sac  

w ith  two groups o f  fo u r  n u c le i  (a rro w s) a t  th e  p o le s  o f th e  

s a c .  N ote th e  synchronous d iv is io n  ( te lo p h a s e )  o f th e  n u c le i .  

F ig .  1 5 -1 6 . S e r i a l  s e c t io n s  o f  an 8-n u c le a te  embryo s a c .  C e ll  

w a l ls  form  around th e  a n t ip o d a ls  (a )  and th e  sy n e rg id s  ( s )  b u t 

n o t  around  th e  egg (eg ) and p o la r  n u c le i  ( p . n . ) .  The egg l i e s  

o f f  to  one s id e  and above th e  s y n e rg id s . F ig . 1 7 . An o v a r

ia n  p a p i l l a  w ith  an  8n u c l e a t e  embryo sac  w ith  th e  a n tip o d a ls  

( a )  v i s i b l e  and a  L - n u d e a te  embryo s a c .  The developm ent o f 

th e  second embryo sac  i s  d e la y e d  and i n  some in s ta n c e s  rem ains 

a r r e s t e d  in  th e  U -^ u c le a te  c o n d it io n .
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p ,  p a p i l l a ;  e . s . ,  embryo s a c ;  p . n . ,  p o l a r  n u c l e u s ;  
e g ,  eg g ; s ,  s y n e r g i d ;  a ,  a n t i p o d a l ;  e p ,  e p i d e r m is .



-2 5 -

PLA.TE IV

F ig s*  18-2U* —  Fig* 18 -20  a re  s e r i a l  s e c t io n s  o f  th e  same 

embryo sa c  show ing th e  zy g o te  ( z ) ,  th e  endosperm  

n u c le iis  (e n )  and h a n s to rin m  (h ) , and th e  h a u s t o r i a l  

n u c le u s  (hn ) p r i o r  to  i t s  m ig ra tio n  in to  th e  haus

t o r i a l  p ro tru s io n *  F ig* 21* T h is  s e c t io n  shows 

th e  h a u s t o r i a l  n u c le u s  (h n ) a f t e r  i t s  m ig ra tio n  i n to  

th e  h a u s to riu m  ( h ) .  F ig s*  22-2U* S e r i a l  s e c t io n s  o f  

an  embryo sac  c u t  a t  a p p ro x im a te ly  60® t o  th e  lo n g  

a x is  o f  th e  sac* Fig* 22* The endosperm  (e )  has 

begun to  su rro u n d  th e  zygo te  ( z )  and th e  h a u s to r ia l  

p r o t r u s io n  (h )  i s  fo rm in g . Fig* 23-2U* S e c tio n s  

showing th e  endosperm -su rrounded  zygote*
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z ,  z y g o te ;  e . n . ,  endosperm  n u c l e u s ;  h a u s to r iu m ;  
h . n . ,  h a u s t o r i a l  n u c l e u s ;  e ,  en d o sp erm .
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PLATE V

F igs#  25-30# —  S e r i a l  s e c t io n s  showing th e  z y g o te , endo

sperm  and hausto rium #  Fig# 25# T h is s e c t io n  was 

c u t  a t  a p p ro x im a te ly  60°  t o  th e  lo n g  a x is  o f  th e  embryo 

s a c .  I t  shows a c e n t r a l l y  lo c a te d  zygo te  ( z )  s u r 

rounded  by  endosperm  (e)#  The h au sto riu m  (h )  i s  now 

i n  th e  m u l t i c e l l u l a r  s ta te #  Note t h a t  th e  h a u s to riu m  

does n o t  i n t e r f e r e  w ith  th e  e n c irc le m e n t o f  th e  zy

g o te  by th e  endosperm# Fig# 26# A s e c t io n  o f  th e  

zy g o te  and endosperm# F ig# 27 -28#  S e c tio n s  o f th e  

endosperm  c u t  p a s t  th e  zy g o te  in d ic a t in g  t h a t  th e  

endosperm  a t  t h i s  tim e  has d iv id e d  in  more th a n  one 

p lan e#  Fig# 29-30* L o n g itu d in a l  s e c t io n s  o f  a  

m u l t i c e l l u l a r  hausto rium #
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z ,  z y g o te ;  e ,  endosperm ; h ,  h a u s to r iu m ;  c . w . ,  c a r p e l  
w a l l*
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PLATE VI

P ig s .  3 1 -3 6 . —  L o n g itu d in a l  s e c t io n s  o f  th e  m a tu rin g  endo

sperm and em bryo. P ig .  3 1 -3 2 . L o n g itu d in a l  s e c t io n s  

o f  a  fo u r  c e l l e d  embryo (em) imbedded i n  th e  apex o f  

th e  endosperm  ( e ) .  Note th e  c ru sh ed  rem nan ts o f  th e  

p a p i l l a  (p )  a t  th e  b ase  o f  th e  endosperm  (P ig .  31)*

P ig .  33* S e c tio n  o f th e  m atu ring  se e d . Viscum (v) 

and endocarp  (e n )  a re  w e ll  d e v e lo p ed . P ig .  3U* 

L o n g itu d in a l  s e c t io n  o f  a m ature  seed  w ith  one embryo 

i n  th e  norm al a p i c a l  p o s i t io n  i n  th e  endosperm  and one 

embryo imbedded i n  th e  base  o f  th e  endosperm . F ig . 35* 

E n la rg ed  view o f  th e  seco n d ary  embryo imbedded a t  th e  

b a se  o f  th e  endosperm  in  F ig .  3U. P ig .  3 6 . S e c tio n  

o f  th e  m atu re  endosperm  w ith  a  segm ent o f  the  h a u s 

to riu m  (h ) s t i l l  p r e s e n t  a t  th e  b a s e .
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em, em bryo; e ,  endosperm ; p ,  r e m n a n ts  o f  
p a p i l l a ;  v ,  v iscum ; e n ,  e n d o c a rp ;  h ,  h a u s 
to r i u m .
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plate V II

F ig s .  3 7 -^ 2 . — These a re  a  s e r i e s  o f  l i n e  draw ings show

in g  th e  developm ent o f th e  m eg asp o ro cy tes , m egaspore- 

g e n e s is ,  and embryo sa c  developm en t. F ig .  3 7 . T h is 

i s  a  l i n e  d raw ing o f a s in g le  ovu le  showing f l o r a l  

anatom y; s t y l e  ( s t ) ;  p e r ia n th  segm ents ( p # s . ) ;  ep id e rm is  

o f th e  p a p i l l a  (p)*  T his f ig u r e  r e p r e s e n ts  an e n t i r e  

f lo w e r  w h ile  th e  rem a in d e r o f th e  f ig u r e s  shows o n ly  

an e n la rg e d  view  o f  th e  p a p i l l a  w ith  a few c e l l s  o f  

th e  e p id e rm is  drawn i n .  F ig .  38a* M egasporocyte in  

th e  r e s t i n g  s ta g e  w ith  th e  n u c le u s  in  the  " low er" 

p o r t io n  o f th e  c e l l .  F ig . 38b . M egasporocyte p r io r  to  

m egaspor© genesis. The n u c le u s  m ig ra te s  to  th e  c e n t r a l  

p o r t io n  o f th e  c e l l .  F ig . 39c . M egasporocyte im m ediate

l y  a f t e r  th e  f i r s t  n u c le a r  d iv i s io n .  F ig . 39d. Megaspor* 

o cy te  a f t e r  one o f  th e  n u c le i  has m ig ra te d  to  th e  " lo w er" 

p o le  and a  c e l l  w a ll  has form ed im m ed ia te ly  above i t .

F ig .  UOe. The "low er" c e l l  has s e p a ra te d  from th e  

"upper"  c e l l .  A n u c le a r  d iv is io n  has o c cu rred  i n  th e  

" low er" c e l l .  No c e l l  w a l l  form s betw een th e  n u c le i  

and t h i s  c e l l  i s  th e  n o n - fu n c t io n a l  dyad . F ig .  liOf. 

N u c lea r d iv is io n  i n  th e  "upper" c e l l  has o c cu rred  g iv in g  

r i s e  to  th e  f u n c t io n a l  dyad o r 2- n u d e a t e  embryo s a c .

F ig .  U lg . L -n u d e a te  embryo s a c .  F ig . U lh . 8-n u c le a te  

embryo s a c .  F ig .  U 2 i. A m ature 8-n u c le a te  embryo sac
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w ith  a n t ip o d a ls  ( a n ) ; p o la r  n u c le i  ( p . n . ) ;  egg 

( e g ) ;  and sy n e rg id s  ( s ) .
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s t ,  s t y l e ;  p . s . ,  p e r i a n th  seg m en t; p ,  e p id e rm is  o f  p a p i l l a ;  a n ,  a n t i 
p o d a l ;  p . n . ,  p o la r  n u c l e i ;  e g ,  eg g ; s ,  s y n e r g id s .  Arrow i n  F ig , 38a 
shows th e  lo n g  a x is  o f  t h e  m e g a sp o ro c y te .
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F ig s*  U3-ii7* — A s e r i e s  o f  l i n e  d raw ings showing th e  o rg an 

i z a t i o n  o f th e  f e r t i l i z e d  embryo sac* Fig* L3j# An 

embryo sac  a f t e r  f e r t i l i z a t i o n  and t r i p l e  f u s io n .  The 

p rim a ry  endosperm  n u c le u s  i s  a  f u s io n  p ro d u c t o f  th e  

p o la r  n u c le i  and second  m ale gamete* A d ia g o n a l c e l l  

w a ll  s e g re g a te s  th e  embryo sac  i n to  two chambera. The 

" lo w er"  chamber c o n ta in s  th e  zygo te  ( z ) ;  th e  "upper" 

cham ber c o n ta in s  th e  p rim ary  endosperm  n u c le u s  (p .e .n * )*  

F ig .  Uiik. An embryo sac  w ith  th e  hau sto riu m  (h ) p ro 

tru d in g *  The d o t te d  l i n e  in d ic a te s  t h a t  th e  hausto riim i 

i s  n o t  in  th e  same p lan e  a s  th e  embryo sa c  p ro p e r .

The h a u s to riu m  p ro tru d e s  i n i t i a l l y  a t  a  90® ang le  to  

th e  lo n g  a x is  o f  th e  embryo sac  and th en  e lo n g a te s  down

w ard to  th e  b ase  o f  th e  p a p i l l a .  The p rim ary  endosperm  

n u c le u s  ( p . e . n . )  does n o t d iv id e  u n t i l  th e  hau sto riu m  

e lo n g a te s  to  th e  base  o f  th e  p a p i l la *  F ig . U5l* An 

embryo sac  i n  w hich th e  p rim ary  endosperm n u c le u s  has 

d iv id e d  in to  th e  endosperm  i n i t i a l  ( e . i . )  and th e  

h a u s t o r i a l  n u c le u s  ( h . n . ) .  The endosperm  i n i t i a l  

rem ain s a d ja c e n t  to  th e  z y g o te ; th e  h a u s to r ia l  n u c le u s  

m ig ra te s  in to  th e  h a u s to riu m . F ig . U6m. T his f ig u re  

shows an embryo sa c  i n  which th e  endosperm  i n i t i a l  h as  

d iv id e d  s e v e r a l  tim es  i n  one p la n e .  The a rro w s i n d i 

c a te  th e  l in e  o f  e n c irc le m e n t. In  t h i s  s ta g e  o f develop-
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ment th e  h a u s to riu m  i s  i n  a  f r e e  n u c le a r  s t a te #

Fig# U?n# T his f ig u r e  shows an  embryo sa c  in  w hich 

th e  e n c irc le m e n t  o f  th e  zy g o te  ( z )  by th e  endospenn 

( e )  i s  com plete# The endosperm  c e l l s  a re  i n  one 

p lane#  A f te r  i n i t i a l  e n c irc le m e n t o f th e  z y g o te , 

t i e r s  o f  c e l l s  form  i n  th e  h au sto riu m  (h )  end ing  

th e  f r e e  n u c le a r  s t a te #
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pen pen
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43 44 45

46 47

PLATE V I I I

p . e . n . ,  p r im a ry  endosperm  n u c le u s ;  z ,  z y g o te ;  h ,  h a u s to r iu m ; e . i . ,  
endosperm  i n i t i a l ;  h . n . , h a u s t o r i a l  n u c le u s ;  e ,  endosperm .
A rrow s i n  F ig .  U6 show th e  l i n e  of e n c ir c le m e n t  of th e  zy g o te  
b y  th e  en d o sp erm .
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