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C H R O N I  C AND A C U T E  GAMMA R A D I A T I O N  O F  M I C R O  S P O R O G E N E S I  S AND 

M A T U R E  P O L L E N  I N  Q U E R C U S  

I N T R O D U C T I O N  

The s e n s i t i v i t y  o f  p o l l e n  p r o d u c t i o n  i s  a  m a j o r  

component o f  s e x u a l  r e p r o d u c t i v e  a b i l i t y  i n  a  f o r e s t  

e x p o s e d '  t o  i o n i z i , n g  r a d i a t i o n .  Ample e v i d e n c e  has a c c r u e d  

i n  t h e  l i t e r a t u r e  showing t h a t  t he  m e i o t i c  p r o c e s s  i s  o n e  

of t h e  mos t  s e n s i t i v e  stages i n  t h e  p l a n t  c y c l e  ( s e e  Spar row 

e t  a l . ,  1952 ;  Sax and Swanson, 1941).  W i t h i n  mos t  f o r e s t  -- 
t r e e  p o p u l a t i o n s  p o l l e n  i s  wind d i s t r i b u t e d  and r e p r e s e n t s  

t h e  pa thway f o r '  g e n e  f l o w  t h r o u g h o u t  s y m p a t r i c  b r e e d i n g  

s y s t e m s ,  Exposure  t o  i o n i z i n g  r a d i a t i o n  c a n  p r o d u c e  an  

e f f e c t  on the p o p u l a t i o n  r a n g i n g  f r o m  g e n e t i c  change  (c.6. 
g e n e  m u t a t i o n ,  chromosome a b e r r a t i o n )  c a p a b l e  o f  d i s s e m i t i a t i o n  

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

w i t h  no rma l  seed p r o d u c t i o n .  

W i t . h  the p r e s e n t  d a y  i n c r e a s e  i n  t h e  u s e  o f  i o n i z i n g  

r a d i a t i o n  i t  becomes d e s i r e a b l e  t o  d e f i n e  t h e  c . y t o l o g i c a 1  

r e s p o n s e  f rom l o n g  t e r m  ( c h r o n i c )  and s h o r t  t e r m  ( a c u t e )  - 

e x p o s u r e s  t o  r a d i a t i . o n .  I n  a d d i t i o n  t o  t h e  e c o l o g i c a l  

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

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

i n d u c e d  m u t a t i o n  f o r  b r e e d i n g  work , .Mos t  o f  t h e  g e n e t i c  

c h a r a c t e r s  o f  commerc i a l  i n t e r e s t  t o  t h e  f i e l d  of  forestry 

a r e  q u a n t i t a t i v e  i n  n a t u r e ,  and w i t h  t h e  i o n g  b r e e d i n g  

c y c l e s  found  i n  f o r e s t  t r e e s  g e n e t i c  improvement  by 

r e c o m b i n a t i o n ; i s  s l o w ,  The u s e  of i n d u c e d  v a r i a t i o t l  o f f e r s  

one  p o t e n t i a l  method t o  a c c e l e r a t e  s e l e c t i o n  a f  d e s i r e d ,  
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i n d i v i d u a l s .  Some d a t a  a r e  a v a i l a b l e  on t h e  r a d i , o s e n s i  t i v i t y  

o f  oak t r e e  s e e d  ( H e a s l i p ,  1 9 5 9 )  b u t  l i t t l e  h a s  been  r e p o r t e d  

on i r r a d i a t 2 o n  of m i c r o s p o r o g e n e s i s  o r  m a t u r e  p o l l e n .  The 

c u m u l a t i v e  e f f e c t s  o f  low l e v e l  c h r o n i c  r a d i a t i o n  on an 

oak -p ine  f o r e , s t  h a v e  been s t u d i e d  by Mergen .and S t a i r s  ( 1 9 6 2 ) .  

The  p r o d u c t i o n  o f ' p o l l e n  was more s e n s i t i v e  i n  p i n e  t h a n  

o a k ,  and b o t h  g e n e r a  showed a '  c u m u l a t i v e  a b e r r a t i o n  e f f e c t  

a f t e r  s e v e r a l  y e a r s  o f  i r r a d i a t i o n .  Bogdanov ( 1 9 4 8 )  r e p o r t e d  

no  p e r s i s t a n t  c h a n g e s  when i r rad ia ted  p o p l a r  p o l l e n  w a s  

u t i l i z e d  ' i n  b r e e d i n g  t r ia l s .  The u s e  o f  r a d i a t i o n  t o  i n d u c e  

s e l f - f e r t i l i k y  m u t a t i o n s  i n  f r u i t  t rees  by t r e a t m e n t  o f  

do rman t  ma le  ' b u d s  has been d i s c u s s e d  by Lewis  ( 1 9 4 9 )  and 

Lewis  and Crowe ( 1 9 5 4 ) .  I n  t h e  l a t t e r  r e f e r e n c e  t h e  a u t h o r s  

o b t a i n e d  ' a b o u t  10 p e r c e n t  se l f  f e r t i l e  s e e d l i n g s  by u s i n g  

p o l l e n  f rom male  buds  i r r ad i a t ed  p r i o r  t o  m e i o s i s .  

While the m a j o r i t y  o f  i n d u c e d  m u t a t i o n s  i n  p l a n t  

b r e e d i n g  h a v e  b e e n  o b t a i n e d  by i r r a d i a t i n g  seed t h e r e  i s  no  

a p r i o r i  r e a s o n  a g a i n s t  t r e a t m e n t  . o f  m a l e  f l o w e r  buds  o r  - 
m a t u r e  p o l l e n  as a means ot '  i n d u c i n g  m u t a t i o n .  Tlie p o s s i b l e  

e f f i c a c y  o f  i r r a d i a t i o n  w a s  d i s c u s s e d  as e a r l y  a s  

1930 by S t a d l e r  b u t  l i t t l e  s u b s e q u e n t  work h a s  been 

accompl i shed  i n  th i s  area. 

The  fo ' l l owing  e x p e r i m e n t a l  work was c o n d u c t e d  t o  

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

t o  gamma r a d i a t i o n .  The e f f e c t s  o f ,  c h r o n i c  and  a c u t e  

i r r a d i a t i o n  o f  m i c r o s p o r o g e ' n s s i s  and m a t u r e  p o l l e n  were  

i n v e s t i g a t e d ;  where  p o s s i b l e  s p e c i e s  f rom b o t h  sub -gene ra  

w i t h i n  t h e  genus were  u t i l i e e d .  



MATERIAL AND METHODS 

C h r o n i c  R a d i a t i o n  

Male f l o r a l  p h e n o l o g y  a n d  m i c r o s p o r o g e n e  s i  s i n  Q u e r c u s  

were  i n v e s t i g a t e d  u n d e r  c o n d i t i o n s  o f  whole  t r e e  i r r a d i a t i o n  

The s p e c i e s  u t i l i z e d  were  Q u e r c u s  a lba  L i n a . .  Q u e r c u s  

i l i c i f o l i a  Wang., . and. Que rcus  c o c c i n e a  Muench. The  f i r s t  of  

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

l a t t e r  two are a s s i g n e d  t o  t h e  E r y t h r o b a l a n u s  g r o u p .  

. The s t u d i e s  we re  c d n d u c t e d  on two s e p a r a t e  s i t e s  a t  

t h e   rookha haven N a t i o n a l  L a b o r a t o r y ;  t h e  two l o c a t i o n s ,  w i l l  

be' d e s i g n a t e d ,  h e r e i n  as the G a m m a  F i e l d  and the  Gamma F o r e s t .  

The  G a m m a  ~ i e l d  w a s  i n s t a l l e d  i n  1951 by t h e  Brookhaven 

B i o l o g y  D e p a r t m e n t  t o  p r o v i d e  'a s o u r c e  o f  gamma r a d i a t i o n  

f o r  i r r a d i a t i n g  p l a n t s  u n d e r  f i e l d  c o n d i t i o n s .  A mixed oak- 

p i n e  f o r e s t  s u r r o u n d s  t h e  Gamma F i e l d ;  b e c a u s e  t he  f o r e s t  

e d g e  began  a p p r o x i m a t e l y  7 0  m e t e r s  f rom t h e  s o u r c e  o n l y  low 

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

v a r i e d  w i t h  changes i n  s o u r c e  s i z e ;  d u r i n g  t h i s  ' i n v e s t i g a t i o n  

the area s t u d i o d  r o o e i v e d  an e x p o s u r e  r a n g e  o f  3. t n  15r/20 

h o u r  day .  T h e  f i e l d  was exposed  t o  i r r a d i a t i o n  o n l y  d u r i n g  

t h e  g rowing  s e a s o n  f o r  t h e  f i r s t  8 y e a r s  o f  o p e r a t i o n ;  s i n c e  

1959,. the e x p o s u r e  has been  c o n t i n u e d  t h r o u g h o u t  e a c h  y e a r .  

F o r  f u r t h e r  o p e r a t i o n a l  d e t a i l s  t h e  ' r e a d e r  i s  r e f e r r e d  t o  

Spa r row ( 1 9 6 0 ) .  F i g u r e  1 A  d e p i c t s  t h e  Gamma F i e l d  a r e a  

u n d e r  i n v e s t i g a t i o n  i n  r e l a t i o n  t o  t h e  co60 s o u r c e .  

The Gamma F o r e s t  s o u r c e  w a s  p l a c e d  i n  o p e r a t i o n  on 22  

November 1 9 6 1 ,  ' and h a s  been  m a i n t a i n e d  on a 20 h o u r  d a y  e x p o s u r e  

r a t e  s i n c e  that  t ime .  The  r a d i a t i o n  s o u r c e  o f  9500 c u r i e s  
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cs137, w a s  p l a c e d  i n  a n a t u r a l  oak-pine  f o r e s t  by Brookhaven 

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

comple te  e c o . l o g i c a 1  system. The d e t a i l s  of  p l a n n i n g  and 

s o u r c e  o p e r a t i o n  h a v e  been r e p o r t e d  by Sparrow 'and Woodwell 

( 1 9 6 2 ) .  F i g u r e  1B shows ,an a e r i a l  v iew o f  t h e  Gamma F o r e s t  

t a k e n  i n  J u l y  1962 ;  t h e  s o u r c e  l o c a t i o n  i s  i n d i c a t e d  

w i t h i n  a c i r c l e  o f  a p p r o x i m a t e l y  45 m e t e r s  r a d i u s .  

F l o r a l  p h e n o l o g i c a l  o b s e r v a t i o n s  were  made i n  1961  i n  

t h e  G a m m a  F i e l d  and i n  1962 ,  i n  bo th  t h e  Gamma  F i e l d  and 

G a m m a  F o r e s t ,  A t  t h e  t ime  o f  p o l l e n  m a t u r i t y  c a t k i n s  were  

c o l l e c t e d ,  f rom v a r y i n g  d o s e  l e v e l s  a t  b o t h  l o c a t i o n s .  To 

d e t e r m i n e  p o l l e n  a b o r t i o n  r a t e ,  s e l e c t e d  a n t h e r s  from 

e a c h  l e v e l  examined were  f i x e d  i n  Newcomer's s o l u t i o n '  and 

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

e x p o s u r e  l e v e l  w a s  s c o r e d  by c o u n t i n g  t h e  a b o r t i o n  s a t e  

i n  a t o t a l  o f  500 g r a i n s  on e a c h  o f  f o u r  s l i d e s .  I n  a d d i t i o n  

t,o p o l l e n  a b o r t i o n  f r e q u e n c y ,  t h e  m a t u r e  p o l l e n  c o l l e c t e d  . 

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

l e n g t h .  P o l l e n  f o r  g e r m i n a t i o n  w a s  c o l l e c t e d  a t  a n t h e s i s  

and s t o r e d  a t  ~ O C ;  f o r  g e r m i n a t i o n .  t r i a l s  an aqueous  media  

o f  d o u b l e  d i s t i l l e d  w a t e r  c o n t a i n i n g  20 ppm boron was 

, u t i l i z e d .  Germina t ion  p roceeded  i n  a h a n g i n g  d r o p . o f  ' 

c u l t u r e  s o l u t i o n  suspended o v e r  a Van Tiegham c e l l  a t  an 

i n c u b a t i o n  t e m p e r a t u r e  of 30°c; a g e r m i n a t e d  g r a i n  was 

c o n s i d e r e d  as one w i t h  a t u b e  l e n g t h  '2x t h e  p o l l e n  c e l l  

d i a m e t e r  a t  24 h o u r s .  P o l l e n .  t u b e  l e n g t h  w a s  measured 



a f t e r  24 h o u r s  on 20 g r a i n s  o f  e a c h  c u l t u r e  c e l l . .  

Acute I r r a d i a t i o n  - Microsporogenes i  s and Mature P o l l e n  

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

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

c o n d i t i o n s  of  a c u t e  gamma i r r a d i a t i o n .  The two s p e c i e s  

used  were  Q u e r c u s -  a l b a  and Quercus  c o c c i n e a .  P r e v i o u s  - 
i n v e s t i g a t i o n  had  shown t h a t  v i a b l e  p o l l e n  w a s  p roduced  

when c u t  b r a n c h e s  b e a r i n g  dormant  m a l e  buds  were  p l a c e d  

i n  w a t e r  u n d e r  f a v o r a b l e  . c o n d i t i a n s  o f  t e m p e r a t u r e  and 

r e l a t i v e  h u m i d i t y .  U t i l i z i n g  t h i s  method f o r  r a d i a t i o n  

t r e a t m e n t ,  b r ' anches  b e a r i n g  male  buds  were  c u t  and bound 

i n t o  t i g h t  b u n d l e s ,  w i t h  t h e  lower  s tem p o r t i o n  mainf a i n e d  

i n  w a t e r  f rom t h e .  t i m e  of cu t t ' i ng  u n t i l  a n t h e s i s .  Two 

e x p o s u r e  c o n d i t i o n s  were  s t u d i e d :  ( 1 )  a 16-hour a c u t e  

p e r i o d  u t i l i z i n g  a co60 s o u r c e  o f  a p p r o x i m a t e l y  3200 c u r i e s  

w i t h  t o t a l  e x p o s u r e  r a n g i n g  from 1000 t o  8000r .  and ( 2 )  a  

semi -acu te  s t u d y  u t i l i z i n g  a ~ 0 6 0  s o u r c e  o f  a p p r o x i m a t e l y  

15 c u r i e s  o p e r a t e d  on a 20, h o u r  day  e x p o s u r e  s c h e d u l e .  The 

l a t t e r  s o u r c e  w a s  l o c a t e d  i n  a g r e e n h o u s e  a t  t h e  Brookhaven 

N a t i o n a l  L a b o r a t o r y ;  e x p o s u r e  l e v e l s  r anged  f rom 100  t o  

1'000r/20 h o u r .  day. A t o t a l  o f  5 a c u t e  i r r a d i a t i o n  s e r i e s  

wercr m a d e :  t h r e e  u s i n g  S u e r c u s  a l b a  i r r a d i a t e d  a t  . t h e  

p o l l e n  mother  c e l l  s t w e  (PMC), p r o p h a s e  I ( P I ) ,  and 

a n a p h a s e  I1 ( A I I ) ' ;  and two w i t h  m a t e r i a l  f rom Q u e r c u s  

c o c c i n e a  i r r a d i a t e d  a t  P I  and IUI. A s i n g l e  s e r i e s . . w a s  

inve , s  t i g a t e d  i n  t h e  semi-acute  s t u d y  u s i n g  m a t e r i a l  of 



Q u e r c u s  - a l b a ,  F o l l o w i n g  t h e  r a d i a t i o n  t r e a t m e n t .  b r a n c h e s  

o f  Group 1 ( 1 6  h o u r  a c u t e  e x p o s u r e s )  were  p l a c e d  i n ' a  

c o n ' t r o l l e d  g r e e n h o u s e  e n v i r o n m e n t  (25Oc d a y s ,  l g O c  n i g h t s ) .  

Group 2 ( semi -acu te  20 h o u r  d a y  e x p o s u r e s )  w a s  ' a l l o w e d  t o  

d e v e l o p  unde r ,  c o n t i n u i n g  r a d i a t i o n  i n  the Gamma Greenhouse .  

The  e v a l u a t i o n  of a c u t e  r a d i a t i o n  e f f e c t  w a s  'made on 

t h e  basis o f  c y t o l o g i c a l  damage t o  chromosomes, p o l l e n  

a b o r t i o n ,  p o l l e n  g e r m i n a t i o n  and  p o l l e n  t u b e  l e n g t h .  

~ o l l e c t i o n s  f o r  c y t o l o g i c a l  e v a l u a t i o n  were  f i x e d  and 

s t o r e d  i n  Newcomer's s o l u t i o n ;  a mordan t  s o l u t i o n  o f  

p r o p i o n i c  ca rmine  gave good s t a i n i n g  r e s u l t s .  Chromosome 

a b e r r a t i o n  w a s  s c o r e d  a t  l a t e  a n a p h a s e  I and i s  b a s e d  on 

th .e  number o f  f r a g m e n t s  o b s e r v e d  p e r  100  c e l l s .  The 

chromosothes i n  Q u e r c u s  are s m a l l  (e. 1 t o  4.5 m i c r o n s  

, l o n g )  and one  c a n n o t  r e a d i l y  d i f f e r e n t i a t e  c h r o m a t i d  

s t r u c t u r e  w i t h  a l i g h t  m i c r o s c o p e ;  t h e r e f o r e ' ,  i d e n t i f i c a t i o n  

of  b r i d g i n g  t y p e s  was n o t  a t t e m p t e d .  I n  a s s e s s i n g  t o t a l  

f r a g m e n t a t i o n  e a c h  chromosome b r i d g e  w a s  a s s i g n e d  .a 

v a l u e  o f  one. 

C o l l e c t i o n ,  s t o r a g e ,  and eva1.uat io .n  o f  p o l l e n  was 

c o n d u c t e d  i n  a manner s i m i l a r  t o  t h a t  d e s c r i b e d  f o r  t h e  

c h r o n i c  s t u d y .  O b s e r v a t i o n  of c a t k i n  morphology w a s  made 

a t  t h e  t i m e  o f  p o l l e n  s h e d d i n g .  

Acute  I r r a d i a t i o n  - P o l l e n  

P o l l e n  was c o l l e c t e d  a t  t h e  t i m e  o f  n a t u r a l  s h e d d i n g  

and s t o r e d  i n  g lass  v i a l s  a t  4 O c .  F o r  t r e a t m e n t  t h e  p o l l e n  
. .  . 

was exposed  t d  a c u t e  i r r a d i a t i o n  (16 h o u r s )  f rom a Co 60  



s o u r c e  of a p p r o x i m a t e l y  3200 c u r i e s  t o  p r o v i d e  e x p o s u r e s  

of 5 0  t o  300kr .  ~ o l l o w i n ~  i r r a d i a t i o n  t h e  p o l l e n  w a s  s,own 

i n  a h a n g i n g  d r o p  of d o u b l e  d i s t i l l e d  H 2 0  s o l u t i o n  c o n t a i n i n g  

20 ppm boron  and w a s  g e r m i n a t e d  a t  a t e m p e r a t u r e  o f  30°C. 

Tube l e n g t h s  were  measured  on 20 g e r m i n a t i n g  g r a i n s  f rom 

e a c h  t r e a t m e n t  l e v e l  a f t e r  2 4  h o u r s .  

CHRONIC I R R A D I  A T 1  OM RESULTS 

F l o r a l  Pheno logy  and Morphology 

F l o r a l  pheno logy  and p o l l e n  s h e d d i n g  i n  Q u e r c u s  

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  were i n i t i a t e d  a b o u t  14 

d a y s  b e f o r e  tha t  o f  Q u e r c u s  a l b a .  A d e l a y  i n  f l o w e r i n g  
. . - 

w a s  o b s e r v e d  which w a s  p o s i t i v e l y  c o r r e l a t e d  w i t h  e x p o s u r e  

l e v e l .  Tliis r e s p o n s e  was c l i n k  i n  b o t h  t h e  Gamma F i e l d  

and i n  t i e  Gamma F o r e s t .  Male buds  f rom t h e  Gamma F i e l d  
. > 

are i l 1 u : s t r a t e d  i n  F i g u r e  2 ,  and f rom t h e  G a m m a  F o r e s t  i n  

F i g u r e  3. I n  F i g u r e  2A t h e  c o n d i t i o n  o f  t h e  m a l e  b u d s  
I 

o f  ~ u e r c u s  a l b a  i s  i l l u s t r a t e d  f i v e  . d a y s  b e f o r e  p o l l e n  

s t a r t e d  t o  d e h i s c e  i n  t h e  c o n t r o l s .  The d e l a y  of m a l e  

f l o w e r s  f r o m  t rees  exposed  t o  8 t o  1 2 r / 2 0  h o u r  d.ay i s  

q u i t e  prondunced .  A t  t h e  ' t ime  o f  p o l l e n  s h e d d i n g ,  o n '  

May 26 ( F i g u r e  2 ~ ) ,  t h e  d e l a y  was n o t  a s  great  b u t  p o l l e n  

s h e d d i n g  was d e l a y e d  by a p p r ~ x i r n a , t e l y  one week. The  

irradiated c a t k i n s  were s h o r t e r  t h a n  t h e  c o n t r o l s  a t  

p o l i e n  s h e d d i ' n g  and d id  n o t  r e a c h  f u l l  v e g e t a t i v e  m a t u r i t y .  

The c o n d i t i o n  o f  Q u e r c u s  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  on >lay 1 0  i s  i l l u s t r a t e d  i n  F i g u r e  2C and 2D 



r e s p e c t i v e l y .  The  m a t u r a t i o n  of  m a l e  f l o w e r s  and p o l l e n  

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

Q u e r c u s  alba. - 
While  a s i m i l a r  r e t a r d a t i o n  o f  pheno logy  w a s  o b s e r v e d  

i n  t h e  Gamma  F o r e s t ,  i t  o c c u r r e d  a t  a h i g h e r  r a d i a t i o n  

l e v e l  than i n  the '  ~ a m m a  F i e l d .  The  d i f f e r e n c e  ' i n  e x p o s u r e  

t i m e  d u r i n g .  the f o r m a t i o n  and g r o w t h  o f  buds  f o r  t h e  two 

a r e a s  may a c c o u n t  i n  p a r t  f o r  t h i s  d i f f e r e n c e .  F i g u r e  3 A  

and 3B d e p i c t s  the buds o f  Q u e r c u s  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  on May 5, w h i l e  F i g u r e  3 C  i n d i c a t e s  t h e  c o n d i t i o n  

a t  p o l l e n  s h e d d i n g  i n  Q u e r c u s  i l i c i f o l i a  ( ~ a y  1 0 )  and 

Q u e r c u s  a l b a  ( ~ a y  26 ) .  A t  t h e  h i g h e r  r a d i a t i o n  l e v e l s  

t h e  v e g e t a t i v e  deve lopmen t  was g r e a t l y  r e d u c e d  ( F i g u r e  

3 C - D )  with p o l l e n  b e i n g  s h e d .  f rom c a t k i n s  t h a t  were  

a p p r o x i m a t e l y  l / j  t h e  l e n g t h  o f  no rma l  s t r u c t u r e s .  

P o l l e n  A b o r t i o n ,  G e r m i n a t i o n ,  and  Tube L e n g t h  

P o l l e n  c o l l e c t i o n s  f rom t h e  Gamma F i e l d  were o b t a i n e d  

f r o m  l e v e l s  r a n g i n g  between 1 and 1 5 r / 2 0  h o u r  day .  P o l l e n  

a b o r t i o n  showed- a p o s i t i v e  c o r r e l a t i o n  w i t h  i n c r e a s i n g  

r a d i a t i o n  l e v e l  and the d a t a  f o r  e,ach s p e c i e s  e x p r e s s e d  a  

l i n e a r  f u n c t i o n  when p l o t t e d  o v e r  d a i l y  e x p o s u r e  rates.  

The d a t a  f o r  t h e  t h r e e  s p e c i e s  were  k e p t  s e p a r a t e '  f o r  the 

a n a l y s i s ,  and t e s t s  o f  s i g n i f i c a n c e  be tween  t h e  r e g r e ' s s i o n  

l i n e s  o f  t h e  t r a n s f o r m e d  da t a  ( a r c s i n )  showed t h a t  t h e r e  

was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  t h r e e  s p e c i e s  

i n  e i t h e r  t h e  Y i n t e r c e p t  ( a ) ,  o r  i n  t h e  s l o p e  ( b ) .  There-  

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



and t h i s  r e g r e s s i o n  i s  i l l u s t r a t e d  i n  F i g u r e  b .  C o n t r o l  

v a l u e s  a r e  i n d i c a t e d  on the g r a p h  o r d i n a t e  and t h e  t o t a l  

e x p o s u r e s  r , e c e i v e d  by t h e  m o t h e r  t rees  are shown on t h e  

a b s c i s s a .  The  v a l u e s  d id  n o t  d e v i a t e  g r e a t l y  f rom t h e  

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

f r o m  a s i n g l e  i n d i v i d u a l  o f  Q u e r c u s  a l b a .  T h i s  t r e e  .was 

e x p o s e d  t o  a p p r o x i m a t e l y ,  9 r / 2 0  h o u r  day  and had  a c o n s i d e r -  

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

t r e e  a l s o  showed g r e a t e r  m o r p h o l o g i c a l  a b e r r a t i o n s  and  

a p p e a r e d  t o  be i n  p o o r  p h y s i o l o g i c a l  c o n d i t i o n .  

I n  the  Gamma F o r e s t  p o l l e n  was e v a l u a t e d  f rom t r ees  

a t  the e d g e  o f  'the s u r v i v a l  zone.  (2. b 5 r / d a y )  and o u t  

t o  a l e v e l  o f  3 .7r /20  h o u r  day .  P o l l e n  a b o r t i o n  showed a 

p o s i t i v e  l i n e a r  r e l a t i o n s h i p  w i t h  i n c r e a s i n g  exp0sur .e  

l e v e l .   o ow ever, t h e  a b o r t i o n  r a t e s  which o c c u r r e d  a t  t h e  

h i g h e r  l e v e l s  i n  the Gamma F o r e s t  were s imi la r  t o  t h o s e  

o b s e r v e d  a t  l o w e r  l e v e l s  i n  t h e  Gamme F i e l d .  A s  p r e v i o u s l y  ' 

p o i n t e d  o u t  the two a r e a s  hed d i f f e r e n t  past  h i s t o r i e s  i n  

r e l a t i o n  t o  r a d i a t i o n  e x p o s u r e .  A s  i n  the Gamma Field data 

t h e r e  w a s  no  s i g n i f i c a n t  d i f f e r e n c e ,  i n  p o l l e n  a b o r t i o n  

be tween  s p e c i e s  and a  common r e g r e s s i o n  . l i n e  was c a l c u l a t e d  

as shown i n  F i g u r e  5. The t o t a l  accumula t ed  d o s a g e  f rom 

i n c e p t i o n o f  t h e  s o u r c e  i n  November 1961, t o  t h e  t i m e  o f  

a n a l y s i s  i s  i n d i c a t e d  on t h e  g r a p h .  

G e r m i n a t i o n  t r i a l s  with c o n t r o l  p o l l e n  o f  Q u e r c u s  

i n d i c a t e d  wide  v a r i a t i o n  between r e p l i c a t i o n s .  Because  



t h e  r e s u l t s  a r e  e x t r e m e l y  s e n s i t i v e  t o  env i ronment ,  . b o t h  

b e f o r e  and d u r i n g  in v i t r o  g e r m i n a t i o n ,  t h e  r e p r o d u c i b i l i t y  

i s  somewhat d o u b t f u l .  T h i s  i s  e s p e c i a l l y  t r u e  i n  r e g a r d  t o  

compar i sons  between d i f f e r e n t  a r e a s  o r  t r e a t m e n t s ;  t h e r e f o r e ,  

t h e  g e r m i n a t i o n  r e s u l t s  r e p o r t e d  a r e  q u a l i t a t i v e .  I n  t h e  

c h r o n i c  s t u d i e s  p o l l e n  g e r m i n a t i o n  was o b t a i n e d  f r a m  a l l  

o f  t h e  r a d i a t i o n  l e v e l s  examined. The r e s u l t s  were  v a r i a b l e ,  
. . 

and showed no  d i r e c t  r e l a t i o n  t o  r a d i a t i o n  when based  on 

g e r m i n a t i o n  as a p e r c e n t . o f  normal  g r a i n s .  I n  s e v e r a l  

t r i a l s ,  g e r m i n a t i o n  of  p o l l e n  c o l l e c t e d  a t  t h e  h i g h e r  

l e v e l s  f rom b o t h  a r e a s  w a s  equal t o  t h e  c o n t r o l  ( b a s e d  

on p e r c e n t  o f ,  normal  g r a i n s ) .  N e v e r t h e l e s s ,  t h e r e  w a s  

c o n s i d e r a b l y  more v a r i a t i o n  i n  t h e  i r radi  a t e d  l o t s  compared 

t o  t h e  - c o n t r o l s .  The g r a i n s  which d i d  germin  a t e  p roduced  

normal  p o l l e n  t u b e s  w i t h  no c o n s i s t a n t  r e d u c t i o n  i n  t u b e  

l e n g t h  o r  r a t e  of growth .  The t u b e  s i z e s  f rom t h e  

i r radiated p o l l e n  were  more v a r i a b l e ,  and were  i n  some 

i n s t a n c e s  l o n g e r  t h a n  t h o s e  o f  t h e  c o n t r o l .  

ACUTE IRRMIATIOM RESULTS 

~ i o r a l  Phenology and M o r p h o l o a  

M a t e r i a l  exposed  t o  a c u t e  r a d i a t i o n  d i d  n o t  r e a c h  

f u l l  v e g e t a t i v e  m a t u r i t y  a t  t h e  t i m e  o f  p o l l e n  shedd ing .  

T h e r e  w a s  a l s o  a d e l a y  i n  p o l l e n  shedd ing  w i t h i n  t h e  

i r r a d i a t e d  m a t e r i a l ,  however,  t h i s  d e l a y  w a s  l e s s  (2-3 d a y s )  

t h a n  t h a t  o b s e r v e d  i n  t h e  c h r o n i c a l l y  i r r a d i a t e d  group.  

The a c u t e  e x p o s u r e  n e c e s s a r y  t o  f n h i b f  t bud en la rgemen t  



v a r i e d  w i t h i n  a s p e c i e s  d e p e n d a n t  on t h e  d e v e l o p m e n t a l  

s t a g e  a t  wh ich  r a d i a t i o n  w a s  r e c e i v e d  b u t  no  d i s t i n c t  

, d i f f e r e n c e  be tween  s p e c i e s  was o b s e r v e d .  I n  t h e  f i v e  

e x p e r i m e n t s  c o n d u c t e d  b o t h  s p e c i e s  showed c o m p l e t e  

i n h i b i t i o n  of ma le  buds  a t  an e x p o s u r e  o f  b k r  when i r r ad ia t ed  

a t  t h e  PMC o r  e a r l y  P I  s t a g e .  ,When buds  were ' e x p o s e d  d u r i n g  

m e i o s i s  p r o c e e d i n g  f rom AII t o  the  q u a r t e t  s t a g e  t h e  l e t h a l  

. p o i n t  f o r  v e g e t a t i v e  g r o w t h  was e x t e n d e d  t o . = .  6kr. 

C y t o l o g i c a l  E v a l u a t i o n  

The  r a t e ,  o f  chromosomal a b e r r a t i o n  f o r  an a c u t e  s e r i e s  

i r r a d i a t e d  du r . i ng  e a r l y  p rophas ' e  I o f  t h e  f i r s t  m e i o t i c  

d i v i s i o n  i s  p r e s e n t e d  i n  F i g u r e  6 A .  C a l c u l a t e d  r e g r e s s i o n  

l i n e s  f o r  number o f  f r a g m e n t s  p e r  1 0 0  c e l l s  and t h a t  f o r ,  

number o f  no rma l  c e l l s  a r e  shown. Both  r e g r e s s i o n s .  are 

s i g n i f i c a n t  at  t h e  1 p e r c e n t  l e v e l ,  and are e s s e n t i a l l y  

r e c i p r o c a l .  A t  t h e  h i g h e s t  l e v e l  o f  r a d i a t i o n  t h e r e .  were  

19 no rma l  c e l l s  o b s e r v e d  p e r  1 0 0  c e l l s  e x a m i n e d . w h i l e  t h e  

f r e q u e n c y  o f  a b e r r a t i o n  a t  t h i s  l e v e l  w a s  3.2 f r a g m e n t s  

pe , r  damaged c e l l .  

I n  a d d i t i o n  t o  a b e r r a t i o n  a t  a n a p h a s e  I ,  a d d i t i o n a l  

b r i d g i n g  and f r a g m e n t a t i o n  w e r e  e v i d e n t  a t  m a p h a s e  XI. 

A b n o r m a l i t i e s  o b s e r v e d  a t  a n a p h a s e  11, w h i l e  u n d o u b t e d l y  

c o n t r i b u t i n g  t o  p o l l e n  a b o r t i o n  r a t e ,  w e r e  n o t  i n c l u d e d  

i n  t h e  c y t o l o g i c a l  s c o r i n g .  .Examples of  t h e  f r a g m e n t a t i o n  

and, b r i d g i n g  o b s e r v e d  a r e  illustrated i n  F i g u r e  7B-F, 

a l o n g  w i t h  a no rma l  me taphase  I ( k ' i g u r e  7 ~ )  of  t;l~e f i r s t  

m e i o t i c  d i v i s i o n .  R e p r e s e n t a t i v e  p o l l e n  f rom c o n t r o l  and 



i r r a d i a t e d  buds  i s  seen  i n  F i g u r e  7G-M. 

The r e s u l t s  o f  a semi -acu te  (100-hour )  e x p o s u r e  a r e  

shown i n  F i g u r e  6 ~ .  I n  t h i s  g r a p h  t h e  c y t o l o g i c a l  s c o r i n g  

from a s e r i e s  i r r a d i a t e d  f o r  f i v e  d a y s  i n  t h e  Gamma Green- 

h o u s e  a r e  p r e s e n t e d  i n  a manner s i m i l a r  t o  F i g u r e  68. The 

number of  chromosome fragments/ lOO c e l l s  r anged  f rdm 40 

a t  o .5kr  t o  380 a t  an e x p o s u r e  of  5 k r .  

The i n t e r c e p t  v a l u e s  ( a )  f o r  b o t h  t h e  a c u t e  and semi- 

a c u t e  r e g r e s s i o n s  a r e  n e g a t i v e .  A 1  though t h e  r e g r e s s i o n s  

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

be a n o n - l i n e a r  p o r t i o n  of  t h e  c u r v e  below the l e v e l s  

s t u d i e d  which  would a c c o u n t  f o r  th i s  s l i g h t  d i s c r e p a n c y .  

The  number o f  b r i d g e s  o b s e r v e d  a t  A I  p r o v i d e s  a 

comparison o f  t h e  more complex chromosomal b r e a k s  i n d u c e d  

i n  t h e  1 6  and 1 0 0  h o u r  e x p o s u r e s  ( F i g u r e  8 A ) .  ~ h ' e  16-hour 

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

i n c r e a s e  a t  h i g h e r  l e v e l s  as compared t o  t h e  100-hour 

exposure .  Due t o  d i f f e r e n t  chromosome s t a g e s  i n  t h e  two 

t r e a t m e i ~ t s  dus i r ig  irradf ak ion  a complex of  chromosome, 

. c h r o m a t i d ,  o r  sub-chromatid a b e r r a t i o n s  may h a v e  been 

induced .  Evans ( 1 9 6 2 )  r ev iewed  t h e  s u b j e c t  of chromosomal 

a b e r r a t i o n s  and p o i n t e d  o u t  t ha t  t h e  fundamenta l  d i f f e r e n c e  

between t h e s e  t h r e e  t y p e s  i s  t h e  u n i t  o f  b r e a k a g e  o r  

exchange.  Because t h e  t y p e  o f  b r i d g i n g  was n o t  d e f i n e d  

t h e  d a t a  i n d i c a t e s  a summation of  a l l  t y p e s  of  o b s e r v a b l e  

b r i d g e s .  

The r e l a t i o n s h i p -  between chromosome b reakage  and p o l l e n  



a b o r t i o n  f o r  a 16-hour  a c u t e  t r e a t m e n t  i s  shown by t h e  two 

r e g r e s s i o n  l i n e s  i n  F i g u r e  8B. Both r e g r e s s i o n s  a r e  s i g n i -  

f i c a n t  a t  th.e .01  l e v e l ;  a s t a t i s t i c a l  a n a l y s i s  o f  t h e  two 

. g r o u p s  shows n o ,  s i g n i f i c a n t  v a r i a t i o n  i n  s l o p e  ' ( b )  between 

t h e  two. However, there i s  a s i g n i f i c a n t  ( . 05  l e v e l )  

d i f f e r e n c e  i n  . i n t e r c e p t  v a l u e s  ( a ) .  

The r e s u l t s  o f  f i v e  a c u t e  ( 1 6 - h o u r )  r a d i a t i o n  t r e a t m e n t s  

f o r  two s p e c i e s  o f  oak a r e  p l o t t e d  i n  F i g u r e  9 .  F o r  Q u e r c u s  

a i b a  t h e  m i c r o s p o r e  ,s tages i r r a d i a t e d  were :  PMC, P I ,  AII. - 
I n  Quercu ' s  c o c c i n e a  o n l y  t h e  l a t t e r  two s t a g e s  (PI and AII) 

were examined. An a n a l y s i s  o f  v a r i a n c e  f o r  t h e  f i v e  g r o u p s  

i n d i c a t e d  no  s i g n i f i c a n t  v a r i a t i o n  be tween  s p e c i e s ,  o r  

be tween  ser ies  i r r a d i a t e d  a t  P I  and AII. T h e r e  w a s  a 

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

a t  t h e  PMC s t a g e  and t h i s  d i f f e r e n . c e  i s  s i g n i f i c a n t  at  t h e  

- 0 5  l e v e l .  T h e r e f o r e ,  two r e g r e s s i o n  l i n e s  were c a l c u l a t e d ;  
. . 

one f o r  t h e  g r o u p  i r rad ia ted  a t  t h e  .PMC s t a g e ,  and a second  

f o r  the r e m a i n i n g  f o u r  g r o u p s .  I n  t h e  g r a p h  t h e  b roken  

liries; e x t r a p o l a t e  f r o m  t h e  s u b - l e t h a i  l e v e l s  f o r  e a c h  

d i v i s i o n  s t a g e  i r r a d i a t e d .  The v a r i a t i o n  o b s e r v e d  i n  p o l l e n  

a b o r t i o n  u n d e r  c o n t r o l  c o n d i t i o n s  i s  shown on t h e  g r a p h  

o r d i n a t e  ( F i g u r e  9). 

P o l l e n  G e r m i n a t i o n  and Tube Leng th  

The v a r i , a b l e  r e s u l t s  o f  & v i t r o  p o l l e n  g e r m i n a t i o n  

and t u b e  1eng.th' p r e v i o u s l y  d i  $ c u s s e d  i n  r e l a t i o n  t o  

c h r o n i c a l l y  i r r ad i a t ed  p o l l e n  were  a l s o  found  i n  a c u t e  

i r r a d i a t e d  m a t e r i a l .  However, by c o l l e c t i n g  p o l l e n  a s  t h e  



a n t h e r  m a t u r e d ,  more c o n s i s t e n t  r e s u l t s  were  o b t a i n e d .  T h i s  

11 f r e s h n  p o l l e n  w a s  removed f r o m  t h e  a n t h e r ,  and p l a c e d  

d i r e c t l y  i n  . t h e  g e r m i n a t i o n  m e d i a  and e v a l u a t e d  24 h o u r s  

l a t e r .  The v a r i a t i o n  w i t h i n  g e r m i n a t i o n  t r i a l s  showed a  

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

g e r m i n a t i o n  d e c r e a s e d .  I n  a l l  c a s e s  p o l l e n  g e r m i n a t i o n  w a s  

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

1 0  shows a b a r  g r a p h  o f  t h e  mean p o l l e n  g e r m i n a t i o n  and 

t u b e  l e n g t h s  a t  24 h o u r s  . i n  r e p l i c a t e d  t r ia ls  w i t h  p o l l e n  

t h a t  had been  irr.adiated a t  p r o p h a s e  d u r i n g  t h e  f i r s t  m e i o t i c  

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

u n t i l  a l e v e l .  o f  k k r  i s  r e a c h e d .  A t  t h i s  l e v e l ,  p o l l e n  t u b e  
. . 

g r o w t h  i s  s lowed and d o e s  n o t  exceed  t h e  a v e r a g e  d i a m e t e r  

o f  t h e  p o ' l l e n  g r a i n .  Thus  g e r m i n a t i o n  a t  b k r  i s  o n l y  s p u r i o u s  

a f t e r  21) h o u r s ,  a l t h o u g h  a f t e r  b8 h o u r s  t h e  , t u b e s  had  grown t o  

a l e n g t h  o f  2x d i a m e t e r  o f  the g r a i n  and r e p r e s e n t e d  

g e r m i n a t i o n  as p r e v i o u s l y  d e f i n e d .  T h e r e f  o r e ,  r e d u c e d  

g r o w t h  of  p o l l e n  t u b e s  a t  h i g h e r  l e v e l s  a p p e a r e d  t o  be  

d u e  t o  a  s l o w e r  g r o w t h  r a t e  a t  i n i t i a l  s t a g e s . r a t h e r  t h a n  

: t o  an a b s o l u t e  s i z e  l i m i t a t i o n .  I n .  t e r m s  o f  t o t a l  g r o w t h  

and g rowth  r a te  t h e  i r rad ia ted  p o l l e n  d i d  n o t  d i f f e r  

s i g n i f i c a n t l y  f r o m  t h e  c o n t r o l s  up t o  and i n c l u d i n ' g  a  

m i c r o s p o r e  e x p o s u r e  o f  3 k r .  The g r e a t e r  a v e r a g e  t u b e  

l e n g t h  o b s e r v e d  a t  an e ,xposure  o f  l k r  was n o t  a  s i g n i f i c a n t  

s t i m u l a t i o n  e f f e c t .  

Ma tu re  P o l l e n  I r r a d i a t i o n  . 

P o l l e n  was c o l l e c t e d  a t  a n t h e s i s  f r o m  c o n t r o l  t r e e s  



and exposed  t o  r a d i a t i o n  a t  l e v e l s  f rom 50 t o  300kr.  E v a l u a t i o n  

of g e r m i n a t i o n  and t u b e  l e n g t h s  showed t h e  i r r a d i a t e d  p o l l e n  

t o  be e x t r e m e l y  r e s i s t a n t  t o  r a d i a t i o n .  I n  a t o t a l  o f  3 

' r e p l i c a t e d  t r i a l s  no c o r r e l a t i o n  c o u l d  be found  between 

r a d i a t i o n  l e v e l  and g e r m i n a t i v e  a b i l i t y  up t o  e x p o s u r e s  

o f  100kr .  A t  200k'r t h e  g e r m i n a t i o n  r e s u l t s  were much more 

v a r i a b l e  t h a n  t h e  c o n t r o l s ,  a l t h o u g h  some t r i a l s  d id  a s  

w e l l  as t h e  c o n t r o l  group.  With a t o t a l  e x p o s u r e  o f  300kr  

t h e  g e r m i n a t i o n  v a r i e d  f rom 20 t o  7 0  p e r c e n t  of  t h e  c o n t r o l  

g roup .  P o l l e n  t u b e  g r o w t h  w a s  a l s o  v a r i a b l e ;  w i t h  no 

a p p a r e n t  r e d u c t i o n  up t o  a t o t a l  e x p o s u r e  o f  200kr.  A t  

200kr t h e  t u b e  growth  w a s  s l i g h t l y  s u p p r e s s e d  and a t  300kr  

w a s  o n l y  60 p e r c e n t  o f  t h e  c o n t r o l  l e n g t h .  I n  as much a s  

t h e s e  l e v e l s  a r e  f a r  i n  e x c e s s  o f  t h e  normal  c y t o l o g i c a l  

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

i t  would a p p e a r .  t h a t  t h e  g e r m i n a t i o n  o b s e r v e d  r e s u l t e d  from 

c y t o p l a s r n i c a l l y  c o n t r o l l e d  metabol i sm.  The v a r ' i a b l e  s e n s i t i v i t y  

o f  d i f f e r e n t  c e l l  p o r t i o n s  has been  examined by u s e  of  mic ro  

beam i r r a d i a t i o n  ( s e e  - e .g .  Z i r k l e ,  1 9 5 7 ) .  Evans and Sparrow 

( 1 9 6 1 ) ,  r ev iewed  n u c l e a r  f a c t o r s  a f f e c t i n g  r a d i o s e n s i t i v i t y  

and p o i n t e d  o u t  t h a t  t h e  n u c l e u s  i s  much more s e n s i t i v e  

t o  r a d i a t i o n  t h a n  t h e  cy top lasm.  . T h e r e f o r e ,  w h i l e .  f u r t h e r  

work i s  n e c e s s a r y  i t  would seem tha t  p o l l e n  i r r a d i a t e d  a t  

l e v e l s  o f  300kr  was g e n e t i c a l l y  s t e r i l e .  G.rowth o f  t h e  

p o l l e n  t u b e  c o u l d  r e s u l t  f rom endogenous  s u b s t r a t e  

and m e t a b o l i c  a c t i v i t y  i n  t h e  cy top lasm which i s  h i g h l y  

r e s i s t a n t  t o  r a d i a t i o n .  



DISCUSSION 

The e f f e c t  o f  c u m u l a t i v e  c h r o n i c  r a d i a t i o n  on p o l l e n  

p r o d u c t i o n  i n  t h e  two r a d i a t i o n  f i e l d s  may b e  a  c o m b i n a t i o n  

' of g e n e t i c  and  p h y s i o l o g i c a l  damage. I n  t h e  Gam'ma F i e l d ,  

r a d i a t i o n  has been  a component of  the e n v i r o n m e n t  . f o r  a 

p e r i o d  o f  y e a r s ,  &d damage a t  t h e  c e l l u l a r  l e v e l  r e s u l t e d  

i n  a d e c r e a s e  i n  g r o s s  m e r i s t e m a t i c  area p e r  t ree .  T h i s  

d e c r e a s e  i s  r e f l e c t e d  by s p a r s e  and abnormal  f o l i a g e ,  and  

a '  l o w e r e d  a p p a r e n t  v i g o r .  Concomi tan t  w i t h  r a d i a t i o n  

damage the s u s c e p t i b i l i t y  o f  the t r e e s  t o  b i o t i c  s t r e s s  

such  as i n s e c t s  and d i s e a s e  i s  i n c r e a s e d .  The sum o f  a l l  

s u c h  c o n s t i t u e n t s  as t h e y  act  t h r o u g h  t h e  p h y s i o l o g y  of 

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

v a l u e s .  M e r i c l e  et &. ( 1 9 6 3 )  r e p o r t e d  on t h e  abnormal  

m o r p h o l o g i c a l  e x p r e s s i o n  o f  two oak t rees  g r o w i n g  i n  t h e  

Gamma F i e l d  a n d .  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  p a p e r  f o r  

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

r a d i a t i o n .  T r e e s  i n  t h e  Gamma F o r e s t  had r e c e i v e d  r a d i a t i o n  

f o r  orrly 5 uloir1;l.l~ &t t h e  tiiiirs c i f  t h i s  s t u d y  a-id e v a l u a t i o i ~  

o f  r a d i a t i o n  damage i s  n o t  as complex a s  i n  t h e  Gamma F i e l d .  

D i r e c t  s e p a r a t i o n  o f  g e n e t i c  and . p h y s i o l o g i c a l  e f f e c t s  

i s  n o t  p o s s i b l e  i n  terms o f  t h e  a n a l y s i s  made f o r  e i t h e r  

a r e a .  I n  a d d i t i o n  t o  chromosomal damage by r a d i a t i o n ,  t h e  

d e s t r u c t i o n  o f  endogenous  g rowth  s u b s t a n c e s  may p l a y  a, 

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

by Skoog ( 1 9 3 5 )  and by Gordon (1957) h a v e  shown t h e  

r e l a t i v e  s e n s i t i v i t y  o f  a u x i n  me tabo l i sm t o  r a d i a t i o n .  



Sparrow and S c h a i r e r  ( 1 9 5 8 ) ,  r e p o r t e d  t h a t  a p p l i c a t i o n  of  

TIBA t o  N i c o t i a n a  h y b r i d s  g a v e  r e s u l t s  s imt lar  t o  r a d i a t i o n  

t r e a t m e n t .  Although aux in  me tabo l i sm i s  one  o f  t h e  most 

r a d i o s e n s i t i v e  r e a c t i o n s  found t o  . d a t e ,  o t h e r  b i o c h e m i c a l  

l e s i o n s  h a v e  been  r e p o r t e d  from r a d i a t i o n  e x p e r i m e n t s .  

. Creasey  and s t o c k e n  ( 1 9 5 9 ) ,  d e m o n s t r a t e d  t h a t  n u c l e a r  

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

of t h i s  n u c l e a r  e n e r g y  s o u r c e  may be  p a r t i c u l a r l y  i m p o r t a n t  

in c e l l s  w i t h  a  l a r g e  nuc ' l ea r / cy top lasm r a t i o  ( K e l l y ,  1961) .  

O t h e r  f a c t o r s  of  b iochemica l  r a d i o s e n s i t i v i t y  i n c l u d e  DNA 

s y n t h e s i . ~  ( f o r  r ev iew s e e  L a j t h a ,  1 9 6 0 ) .  R N A  s y n t h e s i s ,  and 

p r o t e i n  s y n t h e s i s  ( s e e  K e l l y ,  1961.) .  The d e l a y  i n  bud 

b r e a k i n g  o b s e r v e d  f o r  b o t h  of  t h e  c h r o n i c  r a d i a t i o n  a r e a s  

may be a  r e s p o n s e  t o  a l t e r e d  c e l l  c h e m i s t r y ,  e i t h e r  -- i n  s i t u  

a t  m e r i s t e r n a t i c  a r e a s ,  o r  i n  s y n t h e s i s  a t  t h e  m o l e c u l a r  

l e v e l ,  Fo r  f u r t h e r  d i s c u s s i o n  o f  b i o c h e m i c a l  r a d i o s e n s i  t $ v i  t y  

t h e  r e a d e r  i s  r e f e r r e d  t o  s e v e r a l  r e c e n t  r e v i e w s :  O r d  and 

S t o c k e n ,  1961 ;  E r r e r a ,  1959 ;  and Bacq and Alexander ,  1961. 

Sp,arrow -- e t  a l .  ( 1 9 6 1 )  h a v e  shown t h e  t o t a l  a c c u m u i a t i o n  of 

r a d i a t i o n  e f f e c t s  by t h e  c e l l  n u c l e u s  t o  be a ma jo r  f a c t o r  i n  

p l a n t  r a d i o s e n s i t i v i t y .  Data o b t a i n e d  i n  t h e  s t u d y  w i t h  o a k s  

showed no s i g n i f i c a n t  v a r i a t i o n  between s p e c i e s ;  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  had  s i m i l a r  n u c l e a r  volumes and t h e  

r e s u l t s  a r e  t h u s  i n  a c c o r d  w i t h  t h e  n u c l e a r  volume h y p o t h e s i s .  

It h a s  a l s o  been d e m o n s t r a t e d  t h a t  t h e  l e n g t h  o f  t h e  c e l l  

cyc1.e d u r i n g  e x p o s u r e  becomes i m p o r t a n t  i n  .chro .n ic  r a d i a t i o n  

s t u d i e s  ( Sparrow and Evans,  1 9 6 1 ) .  These  r e f e r e n c e s  s u g g e s t  



t h a t  a comparison of r a d i a t i o n  accumula t ion  i n  t h e  Gamma 

F i e l d  and Gamma F o r e s t  d u r i n g  t h e  c e l l  c y c l e s  p r i o r  t o ,  

p o l l e n  s h e d d i n g  would be  i n f o r m a t i v e .  

The male  f l o w e r s  i n  Q u e r c u s  a r e  formed d u r i n g  t h e  

p r e v i o u s  growing s e a s o n ;  t h e r e f o r e ,  - in  t h e  Gamma F i e l d  

t h e y  were  i r r a d i a t e d  d u r i n g  f o r m a t i o n  w h i l e  t h o s e  i n  t h e  

G a m m a  F o r e s t  were  formed p r i o r  t o  r a d i a t i o n  exposure .  The 

e x a c t  number o f  c e l l  c y c l e s  r e s p o n s i b l e  f o r  f o r m a t i o n  and 

d i f f e r e n t i a t i o n  o f  p r i m o r d i a  w a s  n o t  e s t a b 3 i s h e d .  However, 

by assuming tha t  t h e  p r i m o r d i a  c e l l s  and t h e i r  d i r e c t  

d e s c e n d a n t s  are s u s c e p t i b l e  t o  r a d i a t i o n  f rom an a r b i t r a r y  

d a t e  o f  J u l y  1, t h e  t o t a l  e x p o s u r e  r e c e i v e d  by t h e  

p o p u l a t i o n  r e s p o n s i b l e  f o r  m i c r o s p o r o g e n e s i s  may be  

c a l c u l a t e d .  The f o l l o w i n g  example i s  e x t r a p o l a t e d  from 

t h e  r e g r e s s i o n  l i n e s  i n  F i g u r e  b. With e x p o s u r e  r a t e s ' o f  

1 9 r / d a y  f o r  t h e  Gamma F i e l d  and b5r /day  i n  t h e  Gamma F o r e s t  

p o l l e n  a b o r t i o n  v a l u e s  of 30 and 29 . p e r c e n t  r e s p e c t i v e l y  

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

l e v e l s  i s  47001- i n  t h e  Gamma F i e l d  and 6600r  i n  t h e  Gamma 

F o r e s t .  Comparing t h e s e  v a l u e s  t o  t h e  t o t a l  e x p o s u r e  o f  Ca. 

25000r f o r  t h e  mother  t r e e  i n  t h e  Gamma F i e l d  example i t  

would a p p e a r  that the a b o r t i o n  ' r a t e s  o b s e r v e d  a r e . m o r e  

c l o s e l y  r e l a t e d  t o  a n n u a l  e x p o s u r e  t h a n  t o  accumula ted  

low l e v e l  e x p o s u r e  o v e r  a number o f  y e a r s .  N e v e r t h e l e s s ,  

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

Gamma F i e l d  show an. e f f e c t  0.f accumula ted  r a d i a t i o n .  

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

u n d e r  . c o n d i t i o n s  o f  c h r o n i c  r a d i a t i o n .  I n  t h e  Gamma F o r e s t  

p o l l e n  a b o r t i o n  w a s  o n l y  abou t  20 p e r c e n t  a t  t h e  s u b - l e t h a l  

l e v e l  ( k 5 r / d a y ) .  T r e e s  i n  t h e  G a m m a  F i e l d  were  s t i l l  p r o d u c i n g  

v i a b l e  p o l l e n  f o l l o w i n g  11 y e a r , s  -of r a d i a t i o n  g i v i n g  a t o t a l  

accumula ted  e x p o s u r e  o f  o v e r  25000r.  S i n c e  t h e  u n a b o r t e d  p o l l e n  

t h a t  w a s  p roduced g a v e  n e a r  normal  g e r m i n a t i o n  and t u b e  g r o w t h ,  

t h e  p r o p a g a t i o n  o f  i n d u c e d  m u t a t i o n s  from t h e  irradiated t r e e s  

seems q u i t e  l i k e l y .  I n  ' t h . i s  manner t h e  i r r a d i a t e d  a r e a s  c o u l d  

f u n c t i o n  as p o i n t s  of  c e n t r i f u g a l  e v o l u t i o n  i n  r e g a r d  t o  

t h e  s u r r o u n d i n g  p o p u l a t i o n .  The a c t u a l  d e t e c t i o n  and q u a n t i f i -  

c a t i o n  of m u t a t i o n a l  e v e n t s  w i l l  r e q u i r e  f u t u r e  l o n g  te rm 

e v a l u a t i o n  o f  the R1 and s u b s e q u e n t  g e n e r a t i o n s .  

Acute i r r a d i a t i o n  o f  mic rosporogenes i s '  y i e l d e d  much 

h i g h e r  a b e r r a t i o n  r a t e s  t h a n  w a s  found i n  c h r o n i c  s t u d i e s  a t  

comparable  t o t a l  e x p o s u r e s .  R e s u l t s  o b t a i n e d  were e x p e c t e d  

i n  vi.ew o f  t h e  d i f f e r e n t  c e l l  c y c l e  l e n g t h s ;  t h e  a c u t e  and 

semi -acu te  s e r i e s  r e c e i v e d  r a d i a t i o n  d u r i n g  a  s i n g l e  c e l l  

c y c l e ,  w h i l e  the c h r o n i c  e x p o s u r e  w a s  d i s t r i b u t e d  o v e r  s e v e r a l  

c e l l  c y c l e s  a t  a l o w e r  r a t e  and t o t a l  a c c u m u l a t i o n  p e r  c e l l .  

T h e r e f o r e ,  ~ i h i l e  t h e  r e s u l t s  o b t a i n e d  i n  t h e  a c u t e ,  semi- 

a c u t e ,  and c h r o n i c  s t u d i e s  may be .compared,  t h e  f a c t o r s  

c o n t r i b u t i n g  t o  t h e s e  r e s u l t s  a r e  n o t  d i r e c t l y  comparable .  

D e s p i t e  t h e  d i f f e r e n c e s  i n  e x p o s u r e  c o n d ' i t i o n s  and 

r a d i o s e n s i t i v i t y  o f .  t h e  a c u t e  and semi -acu te  i r r a d i a t i o n s ,  

t h e  d a t a  s u g g e s t  t h a t  u n d e r  c o n d i t i o n s  examined t r e a t m e n t  

a t  t h e  lower  e x p o s u r e  r a t e  r e s u l t s  i n  a  c y t o l o g i c a l  e f f e c t  



s i m i . l a r  t o  a comparab le  t o t a l  a c c u m u l a t i o n  d e l i v e r e d '  a t  a 

h i g h e r  ra te .  The  e f f i c i e n c y  of a c u t e  v e r s u s  S e m i - a c u t e o r  

c h r o n i c  r a d i a t i o n  as a means o f  i n d u c i n g  m u t a t i o n s  h a s  

r e c e i v e d  o n l y  c u r s o r y  i n v e s t i g a t i o n .  R u s s e l l  e t  a l .  (1958) -- 
r e p o r t e d  c h r o n i c  gamma i r r a d i a t i o n  t o  b e  m; t&en ica l ly  

l e s s  e f f e c t i v e  t h a n  a c u t e  x - r a d i a t i o n .  Al though i n  a 

l a t e r  p a p e r   u us sell e t  a l . ,  1 9 5 9 )  i t  was shown t h a t  a 

. f r a c t i o n a t e d  d o s a g e  g a v e  a  higher m u t a t i o n  r a t e  t h a n  a 

s i n g l e  a c u t e  d o s e .  While a d d i t i o n a l  s t u d i e s  . a r e  needed  i t  

seems t h a t  i n  u t i l i z i n g  t h e s e  methods  f o r  m u t a t i o n  b r e e d i n g  

the u s e o f '  a s m a l l e r ,  s o u r c e  would '  be less  c o s t l y  and  s t i l l  

y i e l d  s a t i s f a c t o r y  r e s u l t s .  I n  u s i n g  e i t h e r  a c u t e  o r  s e m i -  

a c u t e  i r r a d i a t i o n  f o r  m u t a t i o n  i n d u c t i o n  i t  i s  s u g g e s t e d  

t h a t  the male f l o w e r  buds  o f  oak  be i r r a d i a t e d  i n  t h e  

r a n g e  o f  1 t o  b k r  t o t a l  a c c u m u l a t i o n .  

compar i son  o f  d a t a  f o r  p o l l e n  a b o r t i o n  and chromosomal 

a b e r r a t i o n  has shown t h e  p a r a l l e l  n a t u r e  o f  t h e  two 

a n a l y t i c a l  methods.  E s t i m a t e s  o f  r a d i a t i o n  e f f e c t  a r e  more 

sftdply made 'by u s i n g  p o l l e n  a b o r t i o n  and t h e  method. may 

be  recommended f o r  s p e c i e s  wh ich  ar'e d i f f i c u l t  t o  e v a l u a t e  

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

v a l u e s  a r e  n o t  l i n e a r  t o  t h e  p o i n t .  o f  l e t h a l i t y .  The  

l a c k  o f  d i r e c t  l i n e a r i t y  between p o l l e n  a b o r t i o n  and l e t h a l  

l e v e l s .  may be complexed on two l e v e l s :  (1) t h e  c e l l  

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

i n  s t a g e  o f  d i v i s i o n ,  and ( 2 )  t h e  p r e v i o u s l y  d i s c u s s e d  

p h y s i o l o g i c a l  damage at  t h e  c y t o p l a s m i c  l e v e l  o r  i n  t h e  



t r a n s f e r  sys t em between n u c l e u s  a n d  c y t o p l a s m ,  may be  

s u f f i c i e n t  t o  d e c r e a s e  o r  p r e v e n t  c e l l  d i v i s i o n  from b e i n g  

i n i t i a t e d .  . 

I r r a d i a t i o n  o f  ma tu re  oak p o l l e n  h a s  shown a r a d i o -  

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

Brewbaker  and Emery ( 1 9 6 2 ) ,  h a v e  o b t a i n e d  an LD50 l e v e l  o f  

250kr when a v e r a g i n g  v a l u e s  r e p o r t e d  i n  t h e  l i t e r a t u r e  f o r  

ma tu re  p o l l e n ,  v e r s u s  an a v e r a g e  o f  250r  f o r  p o l l e n  t u b e  

d i v i s i o n s .  The amount o f . r a d i a t i o n  n e c e s s a r y  t o  i n h i b i t  

g e r m i n a t i o n  o f  p o l l e n  i s  f a r  i n  e x c e s s  o f  normal  n u c l e a r  

t o l e r a n c e  and p o l l e n  i r r a d i a t e d  a t '  t h e s e  l e v e l s  i s  p r o b a b l y  

s t e r i l e .  T h e r e f o r e ,  i n  u t i l i z i n g  i r r a d i a t e d  p o l l e n  f o r  

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

s u g g e s t e d  f o r  male f l o w e r  buds  ( 1 - 4 k r )  may be  most  

a p p r o p r i a t e .  P o l l e n  which had been t r e a t e d  at h i g h  l e v e l s  

c o u l d  be u s e d  i n  e x p e r i m e n t s  where g e n e t i c a l l y  i n e r t  t u b e  

g rowth  would be d e s i r e a b l e .  The a t t e m p t e d  i n d u c t i o n  of  

p a r t h e n o g e n e s i s  would b e  one example;  a n o t h e r  would be t h e  

u s e  of s t e r i l e  b u t  g e r m i n a b l e  p o l l e n  as a s t i m u l a t o r  t o  

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

SUMMARY . . 

The p r o d u c t i o n  of p o l l e n  u n d e r  c o n d i t i o n s  o f  c h r o n i c  

gamma i r r a d i a t i o n  was i n v e s t i g a t e d  f o r  t h ~ r e e  oak s p e c i e s .  

. 'Two c h r o n i c a l i y  i r r a d i a t e d  a r e a s  were  s t u d i e d :  (1) a  low 

l e v e l  ( 1  t o  1 5 r / d a y )  a r e a  where t r e e s  had r e c e i v e d  v a r y i n g  

amounts of  r a d i a t i o n  o v e r  . a  p e r i o d  of 11 y e a r s ,  and ( 2 )  a 



second  area r e c e i v i n g  gamma r a d i a t i o n  f o r  a b o u t  5 months  

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

l e v e l s  r a n g e d  f r o m  le tha l  ( 4 5 r / d a y )  t o  a r e g i o n  o f  no  

d e t e c t a b l e  e f f e c t .  I n  b o t h  areas . p o l l e n  a b o r t i o n  showed.  

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

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

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

n o t  show a s i g n i f i c a n t  d e c r e a s e  i n  t h e  i r r a d i a t e d  m a t e r i a l  

examined.  I n  a d d i t i o n  to .  c y t o l o g i c a l  e f f e c t s  t h e r e  w a s  a 

marked d e l a y  i n  f l o r a l  pheno logy  f o r  b o t h  a r e a s .  

Acute  i r r a d i a t i o n  o f  male f l o w e r  buds  a t  d i f f e r e n t  

s t a g e s  of me ios f  s ,  and of m a t u r e  p o l l e n  were  r e p o r t e d .  

The r a d i o s e n s i t i v i  ty o f  mic ro ' spo rogenes i  s w a s .  e v a l u a t e d  

by c y t o l . o g i c a 1  s c o r i n g  a t .  a n a p h a s e  I ,  and by p o l l e n  

a b o r t i o n ,  g e r m i n a t i o n ,  and t u b e  l e n g t h .  Bo th  t h e  number 

o f  chromosome f.ragments/lOO c e l l s  s c o r e d  a t  a n a p h a s e  I 

and p o l l e n  a b o r t i o n  showed a l i n e a r ,  i n c , r e a s e  w i t h  an 

i n c r e a s e  i n  r a d i a t i o n  e x p o s u r e .  P o l l e n  g e r m i n a t i o n  and 

t u b e  l e n g t h  were less effected by r a d i a t i o n  (baser1 on a 

p e r c e n t  o f  u n a b o r t e d  g r a i n s ) .  

I t  was s u g g e s t e d  t h a t  a r a n g e  o f  , l k r  t o  4 k r  w i l l  be 

a p p r o p r i a t e '  f o r  i r r a d i a t i n g  m a l e .  f l o w e r  b u d s  o f  oak t o  b e  

u t i l i z e d '  i n  a m u t a t i o n  b r e e d i n g  pr&gram. C o n t i n g e n t  upon a d d i  t- 

i o n a l  s t u d i e s  t h e  r a n g e  o f  r a d i a t i o n  recornended f o r  f l o w e r  buds  

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



. P o l l e n  w a s  f ound  t o  be h i g h l y '  r e s i s t a n t  t o .  r a d i a t i o n  

when e v a l u a t e d  by g e r m i n a t i o n  and t u b e  g rowth  s t u d i e s . ,  No 

e f f e c t  w a s  f o u n d  w i t h  i r r a d i a t i o n  o f  1 0 0 k r ;  a t  3 0 0 k r  b o t h  

g e r m i n a t i o n  and t u b e  l e n g t h s  were d e p r e s s e d .  ~t these 

l e v e l s  i t  i s  p r o b a b l e  t h a t  g e r m i n a t i o n  i s  an e x p r e s s i o n  

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

No s i g n i f i c a n t  d i f f e r e n c e  w a s  f o u n d  be tween  r e s p o n s e s  

of  t h e  two s p e c i e s  f o r  e i t h e r  c h r o n i c  o r  a c u t e  i r r a d i a t i o n .  
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FIGURE 1. A e r i a l  v i ew  o f  t h e  Gamma F i e l d  ( A )  and o f  . 

tlre Gamma F o r e s t  ( B ) .  The l o c a t i o n  and t y p e  

o f  s o u r c e  a r e  i n d i c a t e d  i n  each p h o t o .  The 

pho'to i n  ( A )  w a s  taken d u r i n g  t h e  dormant. 

season;  t h a t  o f  t h e  Gamma F o r e s t  ( B )  was ' taken 

d u r i n g  e a r l y  summer. 





PIGURB 2. E f f e c t  o f  c h r o n i c  r a d i a t i o n  on phenology 

of  male f l o w e r s  i n  t h e  Gamma F i e l d .  ( A )  

Quercus a l b a  c o l l e c t e d  on May 21, 1962, 

l e f t  t o  r i g h t ,  upper ;  c o n t r o l ,  5 .2 r ,  6.0r 

lower: 10.5r,  11.5r ,  12.0r  ( B )  Quercus  

alba c o l l e c t e d  on May 26, 1962, l e f t  t o  - 
r i g h t ,  upper: c o n t r o l ,  3.4r, 5 .2 r  

lower ;  6,Or, 9 , 4 r ,  10.5r ,  11.5r. ( c )  

Quercus i l i c i f o l i a  on May 10,  1962,  l e f t  

t o ' r i g h t :  c o n t r o l ,  g.Or 13.5r.  ( D )  

Que,rcus c o c c i n e a  on May 10 ,  1962, l e f t  

f o  r ight ;  c o n t r o l ,  7 .4r ,  11.5r. 

Sca l e  i s  i n  mm. 

FIGURB 3. G f f e c t  of  c h r o n i c  r a a i a t i o n  on phenology of  

male f l o w e r s  i n  t h e  Gamma Po re s t .  ( A )  Quercus 

i l i c i f o l i a  o o l l e c t e d  May 5 ,  l e f t  t o  r ight ;  

c o n t r o l ,  1 6 r ,  45r, 1 8 O r .  (8) Querous coco inea  

on May 5, l e f t  t o  r igh t ;  c o n t r o l , l 6 r ,  45r ,  

180r .  ( C )  Quercus  i l i c i f o l i a  c o l l e c t e d  on 

May 10. left t o  r i g h t ;  c n n t r a l ,  1 6 ~ ,  4 5 r ,  8&r, 

(D) Querous alba an May 26, l e f t  t o  r i g h t ;  

upper ;  c o n t r o l ,  l r ,  3 r ,  lower;  7 r ,  1 6 r ,  45 r ,  

84r.  



FIGURE 3 



- 
FIGURE 4. E f f e c t  of  c h r o n i c  gamma r a d i a t i o n  on p o l l e n  

a b o r t i o n  i n  t h e  Gamma F i e l d .  The c a l c u l a t e d  

r e g r e s s i o n  i s  based  on an a r c s i n  c o n v e r s i o n  

of a b o r t i o n  p e r c e n t a g e s ,  p l o t t e d  o v e r  e x p o s u r e  

r a t e s . p e r  20 h a u r  day .  The t o t a l  accumula ted  

e.xp0sur.e of  t h e  mother  t r e e s  i s  a l s o  i n d i c a t e d .  

FIGURE 5. B f f e c t  o f  c h r o n i c  gamma r a d i a t i o n  on p o l l e n  

a b o r t i o n  i n  t h e  Gamma  ores st. The c a l c u l a t e d  

r e g r e s s i o n  i s  based  on an a r c s i n  c o n v e r s i o n  

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

r a t e s  p e r  20 h o u r  day .  The t o t a l  accumula ted  

e x p o s u r e  o f  t h e  mother  t r e e s  i s  a l s o  i n d i c a t e d .  
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' FIGURE 6 .  The eva luat ion  of chromosome aberrat ions  

r e s u l t i n g  from gamma i r r a d i a t i o n  during 

microsporogenesis .  ( A )  r e s u l t s  o f  a 1.6-hour - 

exposure o f  male buds during PPI. ( B )  r e s u l t s  

o f  a 100-hour exposure i r rad ia ted  from PMC 

a t  A I  during me ios i s .  The t o t a l  exposure 

and exposure r a t e  are g iven .  
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FIGURE 7. Chromosome f ' r a g m e n t a t i o n ,  p o l l e n  a b o r t i o n ,  . 

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

gamma i r r a d i a t i o n  o f  m i c r o s p o r o g e n e s i s .  

(A) .  c o n t r o l ,  me taphase  I. ( B )  ch.romosome 

f r a g m e n t a t i o n  a t  A I ,  l k r .  ( c )  f r a g m e n t s  

and b r i d g i n g  a t  AX, 2kr .  ( D ) - ( E )  f r a g -  

m e n t a t i o n  a t  A I ,  3 k r ,  and k k r .  ( F )  

chromosome b r i d g i n g  a t  A I I .  ( G )  c o n t r o l  

p o l l e n ,  ( H )  p o l l e n  i r r a d i a t e d  d u r i n g  PPI, 

2 k r ,  ( I )  p o l l e n  i r radiated at  P P I ,  Qkr .  The 
. . 

g e r m i n a t i o n  o f  c o n t r o l  p o l l e n  ( K )  i s  shown 

a l o n g  w i t h  t h e  g e r m i n a t i o n  of . p o l l e n  

' ' i r radiated a t  2 k r  ( L )  and  k k r  ( M ) .  





FIGURE 8. (A) A comparison o f  chromosome b r i d g e s  . 

r e s u l t i n g  from, a 16-hour i r r a d i a t s o n  w i t h  

t h o s e  induced i n  a 100-hour i r r a d i a t i o n .  

The. 16-hour s e r i e s  was i r r a d i a t e d  a t  P I ,  

t h e  100-hour s e r i e s  was i r r a d i a t e d  from ' 

t h e  PMC s t a g e  t o  AI;' both were scored a t  AI., 

( B )  The r e l a t i o n s h i p  between p o l l e n  abort ion  

and chromosomal damage. f o l l o w i n g  a 16-hour 

i r r a d i a t i o n  during PPI o f  t h e  m e i o t i c  

d i v i s i o n .  
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FIGURE 9. Pol len  abortion fo l lowing  i rrad ia t ion  of  

d i f f e r e n t  bud s tages  i n  Quercus alba and 

Quercus coccinea.  The dot ted  l i n e  

extrapolates  from the sub-lethal t o  

the l e t h a l  l e v e l  f o r  each bud stage 
L .  

i rradiated .  
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FIGURE 10.  Germination and tube l e n g t h s  o f  p o l l e n  

from male buds i r r a d i a t e d  a t  P I .  

Germination v a l u e s  are  shown f o l l o w i n g  

an' a r c s i n  convers ion  o f  p e r c e n t a g e s .  
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