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- MICROSPOROGEMESIS AND EPiBRYOGENESIS I N  QUERCUS 

INTRODUCTION 

A n  i n c r e a s i n g  i n t e r e s t  i n  hardwood t r e e  g e n e t i c s  h a s  

c r e a t e d  a  need  f o r  b a s i c  c y t o l o g i c a l  s t u d i e s  i n  many o f  

o u r  n a t i v e  s p e c i e ' s .  Whi le  a  g r e a t  dea l  o f  work h a s  .been 

a c c o m p l i s h e d  i n  t h e  s i l v i c \ u l t u r e  o f  hardwoods  i n  t h e  p a s t  

d e c a d e ,  l i t t l e  d a t a  i s  a v a i l a b l e  on t h e  c y t o l o g y  of  f l o w e r i n g .  

The  g e n u s  Q u e r c u s  c o n s t i t u t e s  t h e  mos t  i m p o r t a n t  a g g r e -  

g a t i o n  o f  hardwoods  on t h e  N o r t h  American c o n t i n e n t ,  and 

t i m b e r  s u p p l i e d  f rom t h i s  g r o u p  i s . s e c o n d  o n l y  t o  t h e  

c q n i f e r s  i n  t d t a l  p r o d u c t i o n  (Har low and H a r r a r ,  1950 ;  

U.S. F o r e s t  S e r v i c e ,  1 9 5 8 ) .  T a x o n o m i c a l l y  t h e  g e n u s  i s  

l a r g e ,  c o n t a i n i n g  a p p r o x i m a t e l y  8 0  s p e c f  e s  t h a t  a r e  i n d i g e n o u s  

t o  t h e  U n i t e d  S t a t e s ,  w i t h  a g r e a t  many n a t u r a l  h y b r i d s  

be tween  s p e c i e s .  The  g e n u s  i s  d i v i d e d  i n t o  two s u b g e n e r a :  

L e p i d o b a l a n u s ,  commonly c a l l e d  t h e  ' 'whi te  oak"  g r o u p ,  and 

E r y t h r o b a l a n u s ,  r e f e r r e d  t o  as t h e  " r e d  o r  b l a c k  oaks" .  

A 1  Llrough many d i s j i m i l a r i  ties a r e  f o ~ ~ n d  between t h e  two 

g r o u p s ,  t h e  m a j o r  d i f f e r e n c e  o f  i n t e r e s t  t o  t h i s  s t u d y  i s  

t h e  t i m e  r e q u i r e d  f o r  s e e d  m a t u r a t i o n . .  The  w h i t e  oak g r o u p  

m a t u r e s  s e e d  i n  o n e  g rowing  s e a s o n ,  w h i l e  tha t  o f .  t h e  r e d  

o a k s  r e q u i r e s  two s e a s o n s .  In .  t h e  s econd  g r o u p  p o l l e n  i s  

s h e d  and g e r m i n a t e s  on t h e ' r e c e p t i v e  s t i g m a  i n  t h e  s p r i n g ;  

b u t  f e r t i l i z a t i o n  and s u b s e q u e n t  embryo m a t u r i t y  are d e l a y e d  

u n t i l  t h e  s econd  g rowing  s e a s o n  f o l l o w i n g  p o l l i n a t i o n .  



- I n  t h i s  r e s p e c t  t h e  s e e d  c y c l e  i n  t h e  subgenus  ~ r ~ t h r d b a l a n u s  

i s  similar  t o  t h a t  found i n  t h e  g e n u s  P i n u s .  

Sexua l  ' r e p r o d u c t i o n  i n  Q u e r c u s  w a s  f i r s t  d e s c r i b e d  i n  

d e t a i l  by Conrad ( 1 9 0 0 ) .  A d d i t i o n a l  s t u d i e s  o f  embryo 

developmknt  h a v e  been r k p o r t e d ' f o r  t h e  f o l l o w i n g  s p e c i e s :  

Q u e r c u s  - i l e x   orti ti 1 9 5 9 ) .  Q u e r c u s  a e g i l o p s  (Scaramuzei  1 9 6 0 ) .  

and Quercus  t r o j a n a  ( B i a n c o  1 9 6 1 ) .  I n  a d d i t i o n .  t o  t h e s e  

s t u d i e s  t h e  development  o f  t h e  embryo s a c  i n  Quercus  r o b u r  

h a s .  been i n v e s t i g a t e d  by Bagda (1 '952)  .and H j e l m q v i s t  ( 1 9 5 3 ) ;  

t h e  morphology of  oak f l o w e r i n g  and seed  development  i n  

Q u e r c u s  by Langdon ( 1 9 3 9 ) .  and . T u r k e l  2. ( 1 9 5 5 ) .  S h a r p  

e t  a l .  (1961) .  r e p o r t e d  on t h e  s t a m i . n a t e  f l o w e r i n g  of s e v e r a i  -- 
w h i t e  oaks. A summary o f  g e n e t i c  i n v e s t i g a t i o n  i n  Q u e r c u s  

w a s  r e p o r t e d  i n  1955 by I r g e n s - M o l l e r ,  and t h e  r e a d e r  i s  

r e f e r r e d  t o  t h i s  r e p o r t  f o r  a r e v i e w  of  a s s o c i a t e d  l i t e r a t u r e  

t o  that  date. 

The p r e s e n t  i n v e s t i g a t i o n  w a s  u n d e r t a k e n  (1) t o  d e f i n e  . . 

t h e  norm i n  s p e c i e s  t o  be u t i l i z e d  l a t e r  i n  a s t u d y  con- 

c e r n i n g  the e f f e c t  of  gamma r a d i a t i o n  on r e p r o d u c t i v e  . , 

s t r u c t u r e s ,  and ( 2 )  t o  c o n t r i b u t e  t o  an u n d e r s t a n d i n g  o f  

m i c r o s p o r o g e n e s i s ,  embryogenes i s ,  and f l o r a l  phenology i n  

t h e  t h r e e  oak s p e c i e s  u n d e r  i n v e s ' t i g a t f  on. 

MATERXAL h~ METHODS 

Two s p e c i e s  from t h e  E r y t h r o b a l a n u s  g r o u p  - Q u e r c u s  

c o c c i n e a ,  Muench., and Quercus  i l i c i f o l i a ,  Wang., and one 

from t h e  L e p i d p b a l a n u s  g r o u p  - .. Quer'cus.  .~ .- a l b a ,  Linn . ,  were  



s e l e c t e d  f o r  i n v e s t i g a t i o n .  The  sample  t r e e s  w e r e  g r o w i n g  

u n d e r  n a t u r a l  f o r e s t  c o n d i t i o n s  n e a r  t h e  Brookhaven N a t i o n a l  

L a b o r a t o r y ,  .Long I s l a n d ,  New York. D e t e r m i n a t i o n  o f  m i c r o s p o r e  

deve lopmen t  w a s  made by t h e  smear  t e c h n i q u e ,  w h i l e  m a c r o s p o r e  

and embryo deve lopmen t  were  f o l l o w e d  by s e r i  a 1  s e c t i o n i n g .  

C o l l e c t i o n s  f o r .  m i c r o s p o r o g e n e s i s  were  made f rom c u t  

b r a n c h e s  b r o u g h t  i n t o  a g r e e n h o u s e  a p p r o x i m a t e l y  two weeks 

p r i o r  t o  t h e  breaki 'ng  o f  dormancy i n  t h e  s p r i n g .  Male buds  

w e r e  f i x e d  a t  1 2 - h o u r - i n t e r v a l s  t h r o u g h  t h e  m e i o t i c  s t a g e s ,  

and t h e n  d a i l y  f rom t h e  q u a r t e t  s t a g e  t o  . p o l l e n  shedd ing .  

I n  a d d i t i o n ,  c o l l e c t i o n s  were made a t  t w o - d a y - i n t e r v a l s  

f rom t r ees  g rowing  u n d e r  n a t u r a l  c o n d i t i o n s .  The d a t e s  o f  

p o l l e n  s h e d d i n g  were  r e c o r d e d  a s  t h e  mean t i m e  o f  p o l l e n  

d i s p e r s i o n  i n  the p o p u l a t i o n  examined. 

P r e l i m i n a r y  i n v e s t i g a t i o n  o f  m i c r o s p o r o g e n e s i s  f rom 

p r e v i  o u s  c y t o l o g i c a l  work w i t h  t h e  g e n u s  . had  i n d i c a t e d  

good f i x a t i o n  w i t h  e i t h e r  Newcombers f i x a t i v e ,  o r  a s o l u t i o n  

o f  3 par ts  p r o p i o n i c  a c i d  t o  1 p a r t  95 p e r c e n t  a l c o h o l .  

I n  the work reported here a l l  c o l l e c t i o n s  were f i x e d  i n  

Newcombers s o l u t i o n  and s t o r e d  a t  .koC p r i o r  t o  o b s e r v a t i o n .  

S t a i n i n g  t r i a l s  were  c o n d u c t e d  w i t h  P e u l g e n ,  a c e t o  c a r m i n e ,  

and p r o p i o n i c  c a r m i n e ,  s i n g l y  and i n  c o m b i n a t i o n .  From 

t h e s e  e x p e r i m e n t s  i t  w a s  d e t e r m i n e d  t h a t  a d e q u a t e  s t a i n i n g  

. . i s  o b t a i n e d  w i t h  p r o p i o n i c  c a r m i n e .  The s t a i n i n g  r e s u l t s  

o b t a i n e d  were c o n t r o l l e d  by h e a t  d i f f e r e n t i a t i o n ;  o b s e r v a -  

t i o n s  and p h o t o m i c r o g r a p h s  were  made from smear  p r e p a r a t i o n s  

w i t h o u t  f u r t h e r  t r e a t m e n t .  
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Female f l o w e r s  were c o l l e c t e d  a t  f  i v e - d a y - i n t e r v ' a l s  

f o l l o w i n g  p o l l i n a t i o n ,  f i x e d  i n  F.A.A.  and s t o r e d  a t  k°C 

p r i o r  t o  s e c , t i o n i n g .  The m a t e r i a l  w a s  embedded i n  p a r a f f i n  

f o l l o w i n g  an e t h y l  a l c o h o l - c h l o r o f o r m  d e h y d r a t i ' o n  s e r i e s ,  

and s e r i a l  s e c t i o n s  were  c u t  at  .8 microns .  Because t h e  

c u p u l e  s u r r o u n d i n g  t h e  o v u l e s  w a s  d i f f i c u l t  t o  c u t ,  t h e  

o v u l e s  and d e v e l o p i n g  embryos were  e x c i s e d  p r i , o r  t o  

embedding. A l l  s e c t i o n s  were  s t a i n e d  w i t h  'a . c o m b i n a t i o n  

of s a f r a n i n  and f a s t  g r e e n .  

OBSERVATION AND DISCUSSION 

F l o r a l  Structures 

The male f l o w e r s  o f  Q u e r c u s  d e v e l o p  on l o n g  s l e n d e r  

c a t k i n s ,  b o r n e  e i t h e r  i n  t h e  s c a l e - l e a f  a x i l s  o f  t h e  c u r r e n t  

v e g e t a t i v e  buds  o r  i n  s e p a r a t e  male buds.  F i g u r e  1 A  shows 

t h e  c a t k i n s  f rom 'a male bud o f  Quercus  a b o u t  4 d a y s  p r i o r  

t o  p o l l e n  shedd ing .  The f emale  f l o w e r s  a r e  l o c a t e d  i n  t h e  

a x i l s  of t h e  new leaves ; '  examples  o f  Q u e r c u s  i l f  c i f o l i a  

are shown i n  1B; t h e  u p p e r  two f l o r a l  g r o u p s  a r e  normal  

w h i l e  a f l o w e r  b o r n e  i n  t h e  l e a f  a x i l  on t h e  lower  l e f t  

c o n t a i n s  a r u d i m e n t a r y  v e g e t a t i v e  l e a f .  Such v a r i a t i o n  

w a s  o c c a s f o n a l l y  obse rved  i n  a l l  t h r e e  . s p e c i e s  as w e l l  

a s  r u d i m e n t a r y  p i  s t i l l a t e  s t r u c t u r e s  i n  s t a m i n a t e  

i n f l o r e n c ' e s  o f  Quercus  i l i c i f o l i a .  The f r e q u e n c y  o f  v a r i a n t  

fo rms  w a s  e x t r e m e l y  low and no  a t t e m p t  was made t o  q u a n t i f y  

t h e i r  e x i s t e n c e .  P r e v i o u s  r e p o r t s  o f  anomalous f l o w e r i n g  

i n  Q u e r c u s  h a v e  been made by, Min ina  ( 1 9 5 1 ) .  and by 

Scararnuzzi (1958). A s  p r e v i o u s l y  mentioned t h e  s e e d  from 



, i n d i v i d u a l s  i n  t h e  E r y t h r o b a l a n u s  s u b g e n e r a  r e q u i r e s  two 
. . 

y e a r s  t o  m a t u r e ;  a d e v e l o p i n g  a c o r n  of  ' ~ u e r c u s  i l i c i f o l i a  

f rom t h e  p r e v i o u s  p o l l i n a t i o n  s e a s o n  ( 1 9 6 1 )  i s  .shown below 

t h e  r e c e n t l y  p o l l i n a t e d  (1962)  f e m a l e  s t r u c t u r e s  of t h e  

c u r r e n t  y e a r s  p r i m o r d i a  ( 1C) ., The i n t e r n a l  a c o r n  s t r u c t u r e  

a t  f e r t i l i z a t i o n  ' i s  i n d i c a t e d  by t h e  e x c i s e d  o v u l e s  ( I D )  

and by a c r o s s  s e c t i o n  of  t h e  o v u l e s  i n  1E. I n  t h e  u s u a l  

s i t u a t i o n  o n l y  one  embryo d e v e l o p s  w i t h i n  a s i n g l e  ovu.le 

and t h e  r e m a i n i n g  5 o v u l e s  a b o r t .  A c r o s s  s e c t i o n  o f  t h e  

d e v e l o p i n g  a c o r n  ( I F )  i s  shown; t h e  s e c t i o n  i s  c u t  

t h r o u g h  t h e  d e v e l o p i n g  c o t y l e d o n s .  

M i c r o s p o r o g e n e s i s  

M e i o t i c  a c t i v i t y  i n  ~ u e r c u s  c o c c i n e a  and Q u e r c u s  

i l i c i f o l i a  b e g i n s  w i t h  e a r l y  bud s w e l l  and m i c r o s p o r e s  

were  a t  the q u a r t e t  s t a g e  by t h e  t i m e  c a t k i n  emergence 

c o u l d  b e  seen .  I n  Q u e r c u s  a l b a  m e i o s i s  w a s  d e l a y e d  u n t i l  

t h e  c a t k i n  had e l o n g a t e d  s l i g h t l y  between t h e  bud s c a l e s .  

Under n a t u r a l  c o n d i t i o n s  m e i o t i c  a c t i v i t y  i n  Q u e r c u s  a l b a  

o c c u r r e d  about two woolcs a f t e r  the o t h e r  two species. 

The chromosomes of  oak a r e  s m a l l ,  a  f e a t u r e  t h e y  s h a r e  

w i t h  most o f  t h e  o t h e r  woody angiosperms.  A t  m e i o t i c  

me taphase  t h e  l e n g t h  o f  t h e  b i v a l e n t s  v a r i e d '  f rom a p p r o x i -  

m a t e l y  4 m i c r o n s  down t o  abou t  1.5 microns .  Chromosome 

number f o r  a l l ,  t h r e e  s p e c i e s  i n v e s t i g a t e d  w a s  2n=24. A l l  

o t h e r  r e c e n t  r e p o r t s  f o r  Quercus  have  conf i rmed  24 as t h e  

d i p l o i d  number; an e r r o n e o u s  r e p o r t  of 2n=48 f o r  Q u e r c u s  



d e n t , a t a  ( s e e  D a r l i n g t o n  and Wylie 1955) h a s  s i n c e  been 

c o r r e c t e d  by Santamour ( 1 9 6 2 ) .  I n  a l l  t h r e e  s p e c i e s ,  d i v i s i o n s  

were'  r e g u l a r -  and no a b e r r a t i o n s  were obse rved .  The m e i o t i c  

chr'omosomes were  s imi la r  f o r  t h e  t h r e e  s p e c i e s ;  b e c a u s e  o f  

t h i s  s i m i l a r i t y  o n l y  photomicro .graphs  o f  Quercus  a l b a  a r e  

p r e s e n t e d  f o r  i l l u s t r a t i o n .  

F i g u r e  2 A  d e p i c t s  a m i c r o s p o r o c y t e  d u r i n g .  i n t e r p h a s e  

p r i o r  t o  m e i o t i c  d i v i s i o n .  The c e l l  i s  a n g u l a r  i n  o u t l i n e  

and t h e  n u c l e u s  i s  l a r g e , '  w i t h  a p rominen t  n u c l e o l u s .  The 

' p r o g r e s s i v e  s t a g e s  o f  p r o p h a s e  were  w e l l  d e f i n e d  and 

d e s p i t e .  t h e  s m a l l  chromosome s i z e ,  chromonemata ( 2 ~ )  were  

, q u i t e  v i s i b l e ,  A t  t h i s  s t a g e  chromosome p a i r i n g  c o u l d  be 

o b s e r v e d ,  as w e l l  as a s s o c i a t i o n  o f  t h e  two l o n g e r  

chromosomes w i t h  t h e  n u c l e o l u s .  The n u c l e o l u s  p e r s i s t e d  

t h r o u g h  l a t e  d i a k i n e s i s  (2~). t h e  t i m e  a t  which c h i a s m a t a  

c o u l d  be o b s e r v e d  i n  t e r m i n a l i z a t i o n .  Al though n o t  t h e  

g o a l  of  t h i s  s t u d y  i t  would a p p e a r  t h a t  o b s e r v a t i o n s  o f  

d i a k i n e s i s  c o u l d  c o n t r u b u t e  t o  a p h y s i c a l  knowledge o f  

c r o s s i n g  o v e r  i n  t h e  oaks .  B i v a l e n t  formal lor^ was r o g u l a r  

i n  a l l  three s p e c i e s  and a t  metaphase  I ( 2 ~ )  a c e r t a i n  

amount of  secondary  a s s o c i a t i o n  w a s  obse rved .  T h i s  

assnciatOon was n o t  c o n s i s t e n t l y  . i n  6 g r o u p s  b u t  was 

more f r e q u e n t  t h a n  would be eApected  from random d i s t r i -  

b u t i o n .  N a t i v i d a d e  ( 1 9 3 7 )  h a s  d i s c u s s e d  t h e  r e l a t i o n  o f  

secondary  a s s o c i a t i o n  t o  t h e  p h y l o g e n e t i c ,  o r i g i n  o f  Quercus ,  

A t  anaphase  I ( 2 E )  t h e  sma l l . e r  chromosomes were o f t e n  



. s l i g h t l y  p r e c o c i o u s  i n  m i g r a t i o n  t o  t h e  p o l e s .  A t e l o p h a s e  
. . 

I ( 2 F )  i s  i l l u s t r a t e d  and i n t e r p h a s e  between t h e  two 

m e i o t i c  d i v i s i o n s  shows w e l l  d e f i n e d  r e s t i n g  n u . c l e i  (2G) .  

An e a r l y  anaphase  I1 ( 2 ~ )  and t e l o p h a s e  I1 ( 2 1 )  a r e  shown 

and i n d i c a t e  t h e  r e g u l a r i t y  of t h e s e  d i v i s i o n s .  No p r e c o c i o u s  

movement o f  t h e  smaller chromosomes w a s  o b s e r v e d  a t  anaphase  

11. C y t o k i n e s i s  took  p l a c e  f o l l o w i n g  anaphase  I1 and t h e  

r e s u l t i n g  q u a r t e t  of  m i c r o s p o r e s  i s  shown i n  2K. M a t u r a t i o n  

of t h e  p o l l e n  g r a i n  o c c u r e d  d u r i n g  e l o n g a t i o n  o f  t h e  c a t k i n .  

The g a m e t i c  d i v i s i o n  i n t o  a g e n e r a t i v e  and t u b e  n u c l e u s  

o c c u r r e d  j u s t  p r i o r  t o  p o l l e n  shedd ing .  These  two n u c l e i  

a r e  i n d i c a t e d  i n  2L a t  t h e  comple t ion  o f  t h e  f i r s t  v e g e t a t i v e  

d i v i s i o n .  The g e n e r a t i v e  n u c l e u s  i s  above t h e  t u b e  n u c l e u s  . . 

i n  t h e  pho tomic rograph  and shows a more h e t e r o g e n e o u s  

s t a i n i n g  t h a n  t h e  more rounded t u b e  n u c l e u s .  ~ u r t h e r .  

development  o f  t h e  g e n e r a t e v e  n u c l e u s  r e s u l t s  i n  an 

e l o n g a t e d  shape s i m i l a r  t o  t h e  t y p e ,  common i n  most angio-  

sperm p l a n t s .  Mature  p o l l e n  ( 2 ~ )  i s  shed and d e p o s . i t e d  on 

t h e  r e c e p t i v e  stigmas i n  t h e  b i - n u c l e a t e  c o n d i t i o n .  

P o l l e n  o f  Quercus  i l i c i f o l i a  and Q u e r c u s  c o c c i n e a  w a s  

shed  on May 1 0 ;  w h i l e  that  o f  Q u e r c u s  a l b a  w a s  shed  a p p r o r -  

i r n a t e l y  two weeks l a t e r  on May 25.. The m a j o r i t y  o f  p o l i e n  

f rom a s i n g l e  t r e e  w a s  shed d u r i n g  a 48 h o u r  p e r i o d ;  

however ,  d u e  t o  m i c r o  c l i m a t i c  d i f f e r e n c e s  t h e r e  w a s  a 

r a n g e  o f  one  week w i t h i n  t h e  p o p u l a t i o n s  obse rved .  

Ernbryogenesi s 

E a r l y  o v u l e  development  began a p p r o x i m a t e l y  13 months 



a f t e r  p o l l i n a t i o n  i n  t h e  s u b g e n e r a  E r y t h r o b a l a n u s '  and a b o u t  

one  month a f t e r  p o l l i n a t i o n  i n  t h e  L e p i d o b a l a n u s  group.. 

Al though t h e r e  i s  a ma jo r  t i m i n g  d i f f e r e n c e  between t h e  

two groups'  p r i o r  t o  f  e r t i l i e a t i o n  t h e  s u b s e q u e n t  embryo 

d e v e l o p m e n t a l  s t a g e s  a r e  e s s e n t t a l l y  p a r a l l e l .  P o l l i n a t i o n  

o c c u r r e d  some two t o  f o u r  weeks l a t e r  i n  Quercus  a l b a  t h a n  

i n  Quercus  c o c c i n e a  o r  Quercus  i l i c i f o l i a  and t h e  embryo 

development  and seed m a t u r i t y  were  s i m i l a r l y  d e l a y e d .  Aside  

f r o m  t h e  ma jo r  d i f f e r e n c b  i n  p r e - f e r t i l i z a t i o n  t i m i n g  

s u b s e q u e n t  development  of  the oak r e p r o d u c t i v e  s t r u c t u r e s  

a p p e a r s  t o  be r e l a t i v e l y  u n i f o r m  f rom a c y t o l o g i c a l  o r  

m o r p h o l o g i c a l  v i e w p o i n t .  F o r  t h i s  r e a s o n  embryogenes i s  and 

d e v e l o p m e n t a l  ch rono logy  w i l l  be  d i s c u s s e d  o n l y  f o r  Q u e r c u s  

c o c c i n e a .  The d e v e l o p m e n t a l  t i m i n g  i n  Q u e r c u s  i l i c i f o l i a  

w a s  s imilar  w h i l e  that  i n  Q u e r c u s  a l b a  w a s  d e l a y e d  

ment ioned  above. Thus  one  may r e l a t e  t h e ,  t h r e e  s p e c i e s  

i n f e r e n t i a l l y  t o  t h e  f o l l o w i n g  d i s c u s s i o n .  Embryo d e v e l o p -  

ment w i t h i n  a s p e c i e s  v a r i e d  between i n d i v i d u a l  t r e e s  

and t o  a l e s s e r  d e g r e e  w i t h i n  crown p o s i t i o r t s  an t h e  same 

t r e e .  The ' f o l l o w i n g  d i s c u s s i o n  w i l l  i n c l u d e  d a t e s  of . 

o b s e r v a t i o n  as: a v e r a g e  v a l u e s .  f rom two. c o n t r o l  t r e e s  

growing on s l i g h t l y  d i s s i m i l a r .  s i t e s .  V a l u e s  f o r  t h e  e n t i r e  ' 

p o p u l a t i o n  would n o t  b e  e x p e c t e d  t o  v a r y  more t h a n  a  few 

d a y s  from t h i s  mean; a l t h o u g h  a p h e n o l o g i c a l  d i s c r e p a n c y  

may be  found i n  y e a r - t o - y e a r  c o n s i d e r a t i o n .  

Ovules  f rom c o l l e c t i o n s  made on J u n e  1, i n d i c a t e d  a  



p r e - m e i o t i c  c o n d i t i o n  ( ~ i g u r e  3 A )  w i t h  i n t e g u m e n t s  w e l l  
. . 

d e f i n e d  and t h e  m i c r o p y l a r  a r e a  s t i l l  q u i t e  broad .  By J u n e  

6 ,  m e i o s i s  h.ad t a k e n  p l a c e  and t h e  i n t e g u m e n t s  were e n l a r g e d  

s o  t h a t  o n l y  a na r row m i c r o p y l a r  c a n a l  remained  ( 3 ~ ) .  From 

s e r i a l  s e c t i o n s  i t  w a s  o b s e r v e d  that  the i n i t i a l  embryo 

s a c  development  o r i g i n a t e d  f rom a monospor ic  c o n d i t i o n .  

P r e v i o u s  r e p o r t s  o f  a t e t r a s p o r i c  embryo s a c  development  

h a v e  been r e p o r t e d  ( ~ o n r a d  1900 ,  Bagda 1 9 5 2 ) ~  however ,  

H j e l m q v i s t  ( 1 9 5 3 )  has i n v e s t i g a t e d  t h e  development  i n  

Q u e r c u s  r o b u r  and found i t  t o  b e  monospor ic .  I n  a d d i t i o n  

t h e  p h o t o m i c r o g r a p h s  p u b l i s h e d  by C o r t i  ( 1 9 5 9 )  of macro- 

s p o r o g e n e s i s  i n  Q u e r c u s  i l e x  s e r v e  t o  c o n f i r m  a monospor ic  

o r i g i n .  

Subsequen t  embryo s a c  development  w a s  q u i t e  rapid 

f o l l o w i n g  c o m p l e t i o n  of m e i o t i c  a c t i v i t y .  C o l l e c t i o n s  made 

on J u n e  18, showed t h e  embryo s a c  a t  t h e  two-nuc lea te  

' c o n d i t i o n  ( 3 ~ )  w h i l e  t h o s e  made on J u n e  21, c o n t a i n e d  t h e  

m a t u r e  sac (3D). A t  m a t u r i t y  t h e  embryo s a c  con ' t a ined  t h e  

8 n u c l e i  of t h e  normal  angiosperm t y p e .  The s e c t i o n  shown 

i n d i c a t e s  o n l y  t h e  d i p l o i d  f u s i o n  n u c l e u s  p r i o r  t o  

i n i t i a t i n g  the f r e e  n u c l e i  s t a g e  o f  endosperm development  

d e p i c t e d  i n  3E. Endosperm f o r m a t i o n  i s  w e l l  advanced p r i o r  

t o  t h e  b e g i n i n g  o f  embryo growth.. From o b s e r v a t i o n  of 

s e r i a l  s e c t i o n s  i t  c o u l d  be s e e n  t h a t  s e v e r a l  o v u l e s  

w i t h i n  a s i n g l e  s e e d  c o n t a i n e d  d e v e l o p i n g  endosperm p r i o r  

t o  embryo development .  T h e r e f o r e ,  i t  would seem t h a t  

d e f i n i t i v e  o v l i l e .  dominance,  r , e s u l t i n g  i n  s i n g l e  embryo 



f o r m a t i o n  w i t h i n  a s e e d ,  o c c u r s  d u r i n g  t h e  e a r l y  embryo 
. . 

growth  and i s  n o t  a f u n c t i o n  of p o l l i n a t i o n  o r  f e r t i l i i a t i o n .  

M u l t i p l e  emhryo o c c u r r e n c e  i n  oak s e e d  h a s  been d i s c u s s e d  by 

s e v e r a l .  s u t h o r s  (Coker  1904 ,  Harvey 1917,  Bucho'lz 1941, 

Johnsson  1946,  Almeida 1951 ,  Hosner  1 9 5 7 ) .  Johnsson  ( 1 9 4 6 )  

r e p o r t e d  a few p o l y p l o i d s  ( l e s s  t h a n  1 p e r c e n t )  among 

Q u e r c u s  r o b u r  s e e d l i n g s  grown f rom m u l t i - s e e d e d  aco.rns .  H e  

s u g g e s t e d  t h a t  t h e  p o l y p l o i d s  o b s e r v e d  r e s u l t e d  f rom 

abnormal  embryo development ,  I n  t h e  o b s e r v a t i o n s  r e p o r t e d  

h e r e i n  m u t i p l e  embryos r e s u l t e d  f rom f e r t i l i z a t i o n  and 

embryo development  i n  s e p a r a t e  o v u l e s  and d i d  n o t  i n d i c a t e  

abnormal  development  per E. The f r e q u e n c y  o f  tw in  s e e d l i n g s  

was low and w a s  n o t  r e l a t e d  t o  any p a r t i c u l a r  t r e e  i n  t h e  

c o n t r o l  group.  However, Coker ( 1 9 0 4 )  r e p o r t e d  t h e  c o n d i t i o n  

t o  be  a s s o c i a t e d  w i t h  a s i n g l e  t r e e ,  a f a c t o r  which would 

g i v e  e v i d e n c e  o f  g e n e t i c  c o n t r o l ,  

The e a r l y  d e v e l o p i n g  embryo on J u n e  28,  i s  s e e n  i n  3F, 

and t h e  ' a v e r a g e  s t a g e  of development  by J u l y  1 5 ,  i.s i n d i c a t e d  

i n  3G* A t  t h e  , l a t t e r  t ime  c o t y l e d o n s  beg in  t o  d i f f e r e n t i a t e  

and o r g a n i z a t i o n  o f  p r o t o d e r m  and , a p i c a l  p r i m o r d i a  a r e  i n  

e v i d e n c e .  By J u l y  29, t h e  c o l y l e d o n s  were w e l l  formed and 

f u r t h e r  d i f f e r e n t i a t i o n  o f  the a p i c a l  mer i s t em had  o c c u r r e d .  

A t  t h i s  t i m e  i n i t i a t i o n  of t h e  procambium r e g i o n  i s  w e l l  

d e f i n e d  (3H). By August 26, t h e  embryo i s  m o r p h o l o g i c a l l y  

m a t u r e  w i t h  procamium, a p i c a l  m e r i s t e m a t i c  r e g i o n s  and 

t h e  r o o t  c a p  c o m p l e t e l y  formed (31). Fol lowing  t h i s  s t a g e  



o n l y  a s l i g h t  e n l a r g e m e n t  w a s .  ' obse rved  p r i o r  t o  s e e d  
. . 

shedding .  

SUMMARY 

R e p r e s e n t a t i v e  s p e c i e s  f rom two s u b g e n e r a  i n  t h e  

g e n u s  Quercus  were  examined f o r  f l o r a l  s t r u c t u r e  and 

pheno logy ,  m i c r o s p o r o g e n e s i s ,  and embryogenes is .  The s p e c i e s  

s e l e c t e d  f o r  i n v e s t i g a t i o n  were :  Q u e r c u s  a lba .  i n  t h e  

L e p i d o b a l a n u s  s u b g e n e r a ,  and Q u e r c u s  c o c c i n e a  and Q u e r c u s  

i l i c i f  o l i a  f rom t h e  E r y t h r o b a l a n u s  group.   photograph.^ of 

f l o w e r i n g  and p h o t o m i c r o g r a p h s  o f  m i c r o s p o r o g e n e s i s  and 

embryogenes i s  a r e  used  f o r  i l l u s t r a t i o n .  Dur ing  t h e  c o u r s e  

of t h e  i n v e s t i g a t i o n  t h e  f o l l o w i n g  o b s e r v a t i o n s  were  made. 

1. The male  f l o w e r s  of t h e  t h r e e  s p e c i e s  a r e  b o r n e  'on 

c a t k i n s  which d e v e l o p  i n  t h e  s c a l e  l e a f  a x i l s  of  t h e  c u r r e n t  

v e g e t a t i v e  bud o r  i n  s e p a r a t e  male  buds.  M e i o s i s  o c c u r r e d  i n  t h e  

s p r i n g  a t  t h e  b e g i n i n g  of bud e n l a r g e m e n t ;  d i v i s i o n  f i g u r e s  

were  r e g u l a r  i n  a l l  t h e  m a t e r i a l  ob.served. A h a p l o i d  chromo- 

some number o f  1 2  w a s  conf i rmed  f o r  t h e  t h r e e  s p e c i e s .  

2. P o l l e n  w a o  shed  on May 10 ,  1962, frhm trees of  

Q u e r c u s  c o c c i n e a  and Q u e r c u s  i l i c i f  o l i a ;  and on May 

f rom Quercus  a l b a .  

3. The f e m a l e  f l o w e r s  are l o c a t e d  i n  t h e  a x i l s  o f  

t h e  new l e a v e s .  Seed d e i e l o p m e n t  r e q u i r e s  one  growing 

s e a s o n  i n  Quercus a l b a ,  b u t  two growing s e a s o n s  a r e  

r e q u i r e d  t o  m a t u r e  s e e d  o f  Q u e r c u s  c o c c i n e a  and Quercus  

i l i c i f o l i a .  The ch rono logy  of  embryo development  w a s  

similar f o r  ~ u e r c u s  c o c c i n e a  and Q u e r c u s  i l i c i f o l i a :  I / 



embryo development  o f  Quercus  a l b a  w a s  a b o u t  two weeks 
. . - 

beh ind  . that o f  t h e  o t h e r  two s p e c i e s .  

be D e f i n i t i o n  o f  o v u l e  dominance w i t h i n  a s e e d  o c c u r r e d  

a t  t h e  ' t i m e  o f  e a r l y  embryo development .  F a i l u r e  o f  t h i s  

p h y s i o l o g i c a l  e x p r e s s i o n '  o f  dominance r e s u l t s  i n  m u l t i -  

s eeded  a c o r n s .  No a b n o r m a l  embryogenes is  - w a s  o b s e r v e d  . 

i n  r e l a t i o n  t o  m u l t i p l e  embryo 'development .  
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FIGURE 1. Floral s t r u k t u r e s  and e a r l y  a c o r n  development  i n  
. . 

. . 

Quercus .  ( A) M a l e  f l o w e r s  4 , d a y s  b e f o r e  p o l l e n  

shedd ing .  (B) Female f l o w e r s  a t  t h e . t i m e  o f  

p o l l i n a t i o n .  ( c )  Deve lop ing  1 y e a r  a c o r n  

p o l l i n a t e d  i n  1961  below t h e  f l o w e r s  o f  the 

c u r r e n t  (1962.) s eason .  Exc i sed  o v u l e s  a t  t h e  

t i m e  o f  f e r t i l i z a t i o n  a r e  shown i n  ( D )  and a. 

c r o s s  s e c t i o n  i n  ( E ) .  The d e v e l o p i n g  embryo 

w i t h i n  one  o v u l e  i s  shown (3 ' ) ;  t h e  s e c t i o n  i s  

c u t  t h r o u g h  t h e  c o l y l e d o n s  o f  t h e  embryo. 

S c a l e  f o r  ( A )  t o  ( c )  i s  i n  mrn. 





FIGURE 2, Microsporogenesi  s i n  Quercus  a l b a .  

( A )  Microsporocyte.  (B)  Pachytene,  two o f  

the larger chromosomes are a s s o c i a t e d  w i t h  t h e  

nuc l eo lu s .  ( C )  D i a k i n e s i  s. ( D )  Metaphase I. 

dB) Anaphase I, the smaller chromosomes are 

p r e c o c i o u s  i n  go ing  t o  t h e  p o l e s .  

( P )  Telophase  I. ( G )  I n t e r p h a s e  between the 

m e i o t i c  d i v i s i o n s ,  a d i s t i n c t  n u c l e a r  mem- 

b rane  i s  formed. ( H )  Ra r ly  anaphass  11. 

( I )  Te lophase  11, fo l lowed  by c y t o k i n e s i s  

and fo rma t ion  of the q u a r t e t  of  p o l l e n  

g r a i n s  seen i n  (K). A t  (L) the g e n e r a t i v e  

and t u b e  nuc l eus  are shown p r i o r  t o  

shedding o f  t h e  mature  b i - n u c l e a t e  g r a i n  

seen  i n  (M). The s c a l e  f o r  ( A )  t o  (K) i s  

shown a t  ( A ) .  The n u c l e i  i n  ( L )  are 

p i c t u r e d  at a s l i g h t l y  larger magnif i -  

c a t i o n ,  the mature  p o l l e n  g r a i n s  ( M )  

averaged 30 miarons  i n  diameter. 





FIGURE 3. O u t l i n e  of  embryogenesis  i n  g u e r c u s  cocc inea .  

( A )  Longi tudenal  s e c t i o n  of a female  f l o w e r  

p r i o r  t o  megasporogenesis.  (B)  Condi t ion of 

t h e  ovule  d u r i n g  meiosis .  the in teguments  

have en l a rged  l e a v i n g  a narrow mic ropy la r  

cana l .  ( c )  The two-cel led  s t a g e  of  embryo 

s a c  development. ( D )  A mature  embryo s a c  

showing the f u s i o n  n u c l e u s  p r i o r  t o  

d i v i s i o n  l e a d i n g  t o  t h e  f r e e  n u c l e i  s t a g e  

o f  endosperm format ion  seen i n  (E). An 

e a r l y  deve lop ing  embryo i s  shown i n  ( F )  and 

a t  t h e  t ime of beg in ing  co ty ledonary  

d i f f e r e n t i a t i o n  i n  ( G )  . The appearance 

of  p r o v a s c u l a r  t i s s u e  i s  shown i n  (H) 

and the mature  embryo a t  ( I ) .  






