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CUS SEED - I T S  EFFECT ON 

GERMINATION AND SEEDLING GROWTH 

INTRODUCTION 

Dormant s e e d s  a r e  i d e a l  . m a t e r i a l  f o r  s t u d y i n g  the 

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

p o s s i b l e  t o  modify t h e  env i ronment  o f  t h e  s e e d  t o  a d e g r e e  

t h a t  would n o t  b e  t o l e r a t e d  by o t h e r  s t a g e s  o f .  t h e  p l a n t  

l i f e  c y c l e ,  By s u c h  means numerous i n v e s t i g a t i o n s  h a v e  

shown r a d i o s e n s i  t i v i t y  t o  be  i n f l u e n c e d  by v a r i a t i o n  i n  

g e n e t i c  and p h y s i o l o g i c a l  c o n d i t i o n s ,  as w e l l  as by d i f f e r -  

e n c e s  i n  t h e  t y p e  and e x p o s u r e  r a t e  of  i o n i z i n g  r a d i a t i o n  

u t i l i z e d .  

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

i o n i z i n g  r a d i a t i o n s  on s e e d s  h e l d  a t  K a r l s r u h e ,  i n  1960,  

a t t e s t e d  t o  r e c e n t  advances  and i n t e r e s t  i n  . t h i s  area o f  

r a d i o b o t a n y .  The  p r o c e e d i n g s  of  t h e  m e e t i n g  ( I n t e r n a t i o n a l  

Atomic Energy Agency, 1 9 6 1 )  c o n t a i n s  c u r r e n t  d i s c u s s i o n  on 

v a r i o u s  a s p e c t s  o f  s e e d  i r r a d i a t i o n .  I n  a d d i t i o n  t o  s p e c i f i c  

i - e p o r t s  oS e x p e r i m e n t a l  work, t h i s  p u b l i c a t i o n  i n c l u d e s  a .  

comprehens ive  r e v i e w  ( s p a r r o w  &. , 1961) '  o f  f a c t o r s  

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

r a d i a t i o n  exposure ,  

The p u b l i c a t i o n  o f  p a p e r s  p r e s e n t e d  a t  a symposium on 

m u t a t i o n s  and p l a n t  b r e e d i n g  ( ~ a t i  a n a l  Academy o f  S c i e n c e ,  

1 9 6 1 )  i n d i c a t e d  t h e  scope  o f  c u r r e n t  work i n  t h e  f i e l d  of  

induced  m u t a t i o n s .  I n  t h i s  symposium, Gaul  ( 1 9 6 1 )  rev iewed 



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

. w h i l e  an a r t i c l e  by Sparrow ( 1 9 6 1 )  d i s c u s s e d  t h e  c y t o g e n e t i c  

e f f e c t s  of i o n i z i n g  r a d i a t i o n , .  

I n f o r m a t i o n  c o n c e r n i n g  the e f f e c t s  o f  i o n i z i n g  r a d i a t i o n  

on f o r e s t  t r e e s  has come p r i n c i p a l l y  from s e e d  i r r a d i a t i o n  

e x p e r i m e n t s ,  and t h e  m a j o r i t y  o f .  t h e s e  s t u d i e s  have  d e a l t  
. .  . 

w i t h  d e f i n i n g  r a d i o s e n s i t i v i t y  o f  c o n i f e r  s e e d ;  o n l y  a few 

r e p o r t s  are f o r  d e c i d u o u s  s p e c i e s .  The da ta  r e p o r t e d  show . . .. 

c o n s i d e r a b l e  v a r i a t i o n  between s t u d i e s  d e p e n d a n t  upon s p e c i e s ,  

t y p e  o f  r a d i a t i o n ,  r a t e  o f  e x p o s u r e ,  and t o t a l  exposure .  

An e x p o s u r e  of  2000r  x - r a d i a t i o n  w a s  l e t h a l  t o  P i n u s  

p a l u s t r i s  and . P i n u s  t a e d a  (Snyder  e t  al . ,  1 9 6 1 ) .  G u s t a f  s s o n  -- 
and Simak ( 1 9 5 8 )  obse rved  a r e d u c t i o n  i n  g e r m i n a t i o n  by 9 2  

p e r c e n t  i n  P i c e a  a f t e r  e x p o s i n g  d r y  s e e d  t o  1 2 0 0 r ;  s e e d  o f  

h i g h  m o i s t u r e  , c o n t e n t  showed no g e r m i n a t i o n  r e d u c t i o n  a t  

t h i s  dosage .  May and Posey ( 1 9 5 8 )  r epor t ' ed  90  

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

5 0 0 r  from a co60 ' s o u r c e ,  and 1 0  p e r c e n t  f o l l o w i n g  25000r.  

L e s s  t h a n  30 p e r c e n t  g e r m i n a t i o n  o f  x - r a d i a t e d  P i n u s  

s y l v e s t r i s  s e e d  w a s  r e p o r t e d  a t  . a  l e v e l  of  3600r  ( S u s z k a  fi 

a1 1 9 6 0 ) .  V i d a k o v i c  ( 1 9 6 0 )  r e p o r t e d  s ' t i m u l a t i o n  o f  -. 9 

g e r m i n a t i o n  by gamma r a d i a t i o n  at. l e v e l s  a s  h i g h  a's 4000r  

f o r  P i c e a  a b i e s ,  3500 f o r  - P i n u s ,  n i g r a ,  and 2500 f o r  P i n u s  - 
s y l v e s t r i s .  I n  a d d i t i o n  t o  r e f e r e n c e s  ment ioned  above,  

r e c e n t  p a p e r s  h a v e  i Q l u s t r a t e d  o t h e r  ' f a c t o r s  l e a d i n g  t o  

v a r i a t i o n  o f  r a d i a t i o n  e f f e c t s  on f o r e s t  t r e e  seed .  



I n c l u d e d  among t h e s ' e  a r e  t h e  e f f e c t  o f  w a t e r  c o n t e n t  ( ~ h a b a ,  

1961) .  p rovenance  d i f f e r e n c e s  w i t h i n  . t h e  same s p e c i e s  (Ohaba 

and Simak, 1 9 6 1 ) ,  and s e e d  w e i g h t  ( . ~ i m a k  - e t  -* a1 * . 1 9 6 1 ) .  

H e a s l i p  ( 1 9 5 9 )  r e p o r t e d  a l e t h a l  l e v e l  o f  1'0000r f d r  

s e e d  o f  Quercus  - a l b a  i r r a d i a t e d  w i t h  ~ 0 6 0  gamma r a y s .  A t  

t h i s  same r a d i a t i o n  l e v e l  she r e p o r t e d  1 . 2  p e r c e n t  g e r m i n a t i o n  

of  Quercus  p r i n u s  and 1 6 . 8  p e r c e n t '  f o r  Q u e r c u s  v e l u t i n a .  

R e p o r t  of P o p u l u s  s e e d  i r r a d i a t i o n  ( J o v a n o v i c  and T u c o n i c ,  

1 9 6 0 )  has shown i t  t o  be r e l a t i v e l y  r e s i s t a n t  t o  r a d i a t i o n .  

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

r a d i a t i o n  e x p o s u r e s  up t o  50000r ;  above 50000r  no s u r v i v i n g  

s e e d l i n g s  were  o b t a i n e d .  S c h o l z  ( 1 9 5 7 )  h a s  shown t h a t  t h e  

t e r m  LD50 may be  m i s l e a d i n g  i n  s e e d  i r r a d i a t i o n  s t u d i e s  

u n l e s s ' s u r v i v a l  v a l u e s  a r e  i n c l u d e d .  I n  h i s  s t u d y  of . 

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

from i r r a d i a t e d  seed  s t i l l  showed r a d f  a t i o n  e f f e c t s  a f t e r  

s e v e r a l  y e a r s .  

The wide  v a r i a t i o n  o b t a i n e d  by d i f f e r e n t  i n v e s t i g a t o r s  

i n d i c a t e s  a need  f o r  exact d e f i n i t i o n  o f  m a t e r i a l s  and 

methods used. I n  a d d i t i o n  i t  would. seem a d v i s a b l e  t o  

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

s e e d l i n g s  f o l l o w i n g  t h e  f i r s t  f l u s h  of  growth .  

Bxpor iments  r e p o s t e d  i n . t h i s  s t u d y  were  conduc ted  t o  

e v a l u a t e  r a d i o s e n s i t i v i t y  of  Q u e r c u s  s e e d  t o  a c u t e  gamma 

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

c y t o l . o g i c a 1 .  and m o r p h o l o g i c a l  e f f e c t s  i n  s e e d l i n g  growth  



f o l l o w i n g  seed i r r a d i a t i o n .  I n v e s t i g a t i o n  o f  v a r y i n g  seed 
I 

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

t r e a t m e n t  i s  i n c l u d e d  as w e l l  as p r e l i m i n a r y  e v i d e n c e  of 

i n d u c e d  m u t a t i o n s .  

MATERI AL AND METHODS 

G e n e r a l  

The s e e d  o f  two s p e c i e s  r e p r e s e n t i n g  two s u b - g e n e r a  

i n  t h e  g e n u s  Q u e r c u s  w a s  selected f o r  i r r a d i a t i o n ,  The 

L e p i d o b a l a n u s  subgenus  w a s  r e p r e s e n t e d  by Q u e r c u s  a l b a  L i n n . ,  

w h i l e  Q u e r c u s  r u b r a  Du Roi  w a s  s e l e c t e d  f o r  the E r y t h r o -  

b a l a n u s  g roup .  Q u e r c u s  aZba s e e d  w a s  c o l l e c t e d  a t  t h e  

. . Brookhaven ~ a t i o n a l  L a b o r a t o r y  s i t e ,  Upton,  New York; w h i l e  

t h a t  o f  Q u e r c u s  r u b r a  w a s  o b t a i n e d  f r o m  t r ees  i n  t h e  ~ e w  

Haven, C o n n e c t i c u t  area, I n  b o t h  s p e c i e s  t r e a t m e n t  w a s  m a d e  

on m a t u r e  seed o f  t h e  c u r r e n t  y e a r s  c r o p .  Seed  o f  Q u e r c u s  

a l b a  g e r m i n a t e s  r e a d i l y  a t  m a t u r i t y ,  ' and may b e g i n  radicle  - 
emergence  while s t i l l  on t h e  mother  t r e e  o r  s h o r t l y  a f ter  . 

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

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

seed w a s  selected f o r  r a d i a t i o n  t r e a t m e n t  a f t e r  a p p r o x i -  

m a t e l y  30 d a y s  o f  s t q r a g e  a t  kOc.  

' Q u e r ~ u s .  r u b r a  s e e d  r e q u i r e s  no v e r n a l i z a t i o n  ' p r i o r  t o  

g e r m i n a t i o n  and d o e s  n o t  n o r m a l l y  b e g i n  emergence  u n t i l  

p l a c e d  i n  a w a r m ,  m o i s t .  env i ronmen t .  To a t t a i n  maximum 

g e r m i n a t i o n  t h e  seed w a s  a l l o w e d  t o  a f t e r - r i p e n  a t  4oC 

f o r  45 d a y s  b e f o r e  i r r a d i a t i o n .  



Exper iment  I 

C y t o l o g i c a l  and M o r p h o l o g i c a l  E v a l u a t i o n  of  R a d i o s e n s i t i v i t y  

Seed f rom e a c h  o f  t h e  two s p e c i e s  were  s e l e c t e d  f o r  

g e n e r a l  u n i f o r m % t y  of  s i z e ,  weighed t o  e v a l u a t e ' t h e  p o s s i b l e  

c o r r e l a t i o n  between s e e d  s i z e  and growth.,  , and  t h e n  randomly 

. d i v i d e d  , i n t o  two g roups .  The m o i s t u r e  c o n t e n t  a t  t h e  t ime  

o f  i r r a d i a t i o n  w a s  45 p e r c e n t  f o r  Q u e r c u s  a l b a , a n d  27 p e r -  

c e n t  f o r  Q u e r c u s  r u b r a .  

Group I w a s  p l a c e d  i n  11 p a c k e t s  of  45 s e e d  e a c h  f o r  

t r e a t m e n t  a t  t h e  f o l l o w i n g  l e v e l s ;  c o n t r o l ,  0.5, 1, 2 ,  3, 

4, 5 ,  6 ,  7,  8 ,  and 1 0 k r .  R a d i a t i o n  was d e l i v e r e d  o v e r  a 

1 6 - h ~ u r - ~ e r i o d ' ~ f r o r n  a  co60 s o u r c e .  Wi th in  6  h o u r s  a f t e r  

r a d i a t i o n  t h e  a c o r n s  were  sown i n  a  3 : l  m i x t u r e  o f  sand 

and , p e a t  moss and a l lowed  t o  g e r m i n a t e  under  c o n t r o l l e d  

g r e e n h o u s e  condf t i o n s  ( 2 5 0 ~  d a y s ,  l g O c  n i g h t s )  w i t h  a d a y  

l e n g t h  o f  18 h o u r s .  S t a t i s t i c a l  d e s i g n  w a s  randomized by. 

t r e a t m e n t  rows w i t h i n  wooden f l a t s .  ~ e r m i n a t i o n  w a s  s c o r e d  

a t  e p i c o t y l  a p p e a r a n c e  above the s o i l  s u r f a c e  and h e i g h t  

measurements  were m a d e  at 5 - d a y - i n t e r v a l s ;  i i r i t l a f  s h o o t  

e l o n g a t i o n  was eomple ted  some 20 d a y s  a f t e r  g e r m i n a t i o n .  

The a p p e a r a n c e  and p o i n t  of  o r i g i n  of  s p r o u t  growth  was 

a l s o  r e c o r d e d .  

Group I1 seed  was p r e p a r e d  a s  was seed  o f  ~ r o u ~  I and 

exposed- t o  r a d i a t i o n  a t  t h e  f o l l o w i n g  l e v e l s : '  c o n t r o l ,  0.5, 

1, 2 ,  4 ,  6 ,  8 ,  1 0 ,  -12 ,  1 6 ,  32kr .  S i n c e  t h i s  g r o u p  was 

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



e x a m i n a t i o n  of  r o o t  and s h o o t  deve lopment ,  t h e  a c o r n s  were  
2 

p l a c e d  i n  f l .a ts  f i l l e d  w i t h  sphagnum moss. The f l a t s  were  

t h e n  p l a c e d  u n d e r  e n v i r o n m e n t a l  c o n d i t i o n s  s imi la r  t o  Group I 

s e e d .  A t  t h e  t i m e  o f  g e r m i n a t i o n ,  r o o t  and shoo;t t i p s *  were  

c u t  f rom 5 i n d i v i d u a l s  a t  e a c h l e v e l  and f i x e d  i n  F.A.A. 

The  m a t e r ' i a l  w a s  embedded i n  t i s s u e - m a t  and s e c t i o n ' e d  a t  8 

m i c r o n s ;  s e c t i o n s  were s t a i n e d  w i t h  s a f r a n i n  arld f a s t  g r e e n .  

The  r e m a i n i n g  s e e d s  were  e v a l u a t e d  f o r  s h o o t  emergence ,  and 

f o r  r o o t  g r o w t h  at  5 and 1 0  d a y s  f o l l o w i n g  i n c e p t i o n .  

Exper iment  I1 
. 1 '  

The E f f e c t s  o f  vary in^ M o i s t u r e  C o n t e n t  and P h y s i o l o g i c a l  . 

S t a t e . o n  Seed S e n s i t i v i t y  

T h r e e  p r e - i r r a d i a t i o n  c o n d i t i o n s  were  e s t a b l i s h e d  w i t h  

s e e d  of  Q u e r c u s  r u b r a .  To e v a l u a t e  v a r y i n g  m o i s t u r e  c o n t e n t s  

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

t h e  f o l l o w i n g  c o n d i t i o n s  were e s t a b l i s h e d  : ( 1 )  s e e d  s t o r e d  

a t  bOc w i t h  a m o i s t u r e  c o n t e n t  o f  22 p e r c e n t ,  ( 2 )  s e e d  

p l a c e d  i n  a s a t u r a t e d  a tmosphere  a t  bOc f o r  1 0  d a y s  w i t h  a 

f i n a l  m o i s t u r e  c o n t e n t  o f  bb percent, and (3 )  s e e d  incubaked.  

a t  2g°C f a r  1 0  d a y s  w i t h  a m o i s t u r e  c o n t e n t  of  47 p e r c e n t .  

, T h e  l a t t e r  t r e a t m e n t  w a s  d e s i g n e d  t o  p r o v i d e  m a t e r i a l  i n  

an a c t i v e  m e t a b o l i c  s t a t e ,  p r e v i 0 u . s  t o  a c t u a l  c e l l  . d i v i . s i o n . .  

Seed w a s  p l a c e d  i n  p l a s t i c  bags  t o  m a i n t a i n  m b i s t u r e  

c o n d i t i o n s  d u r i n g  t h e  r a d i a t i o n  e x p o s u r e ;  25 s e e d s  were  

s e l e c t e d  f o r  e a c h  e x p o s u r e  l e v e l .  ' A  16-hour gamma i r r a d i a t i o n  

t r e a t m e n t  f rom a ~ 0 6 0  s o u r c e  p r o v i d e d  t h e  f o l l o w i n g  t o t a l  



e x p o s u r e s :  c o n t r o l ,  1, 2,  4,. 6,. 8 ,  1 0 ,  1 2 ,  1 6 ,  3 2 k r .  The 

s e e d  w a s  sown i n  sphagnum moss f l a t s  a p p r o x i m a t e l y  6  h o u r s  

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

g r e e n h o u s e  c o n d i t i o n s .  ~ o o t  e l o n g a t i o n  was r e c o r d e d  f o r  5 

and 10-day p e r i o d s ,  and s h o o t  emergence  w a s  r e c o r d e d  f o r  . 
e a c h  l e v e l .  

EXPERIMENTAL RESULTS 

Expe r imen t  I 

Th.e t i m e  r e q u i r e d  f o r  g e r m i n a t i o n  w a s  s imi la r  f o r  t h e  

two s p e c i e s ;  i n  b o t h  the r o o t  began  g rowth  f i r s t ,  f o l l o w e d  

by i n i t i a t i o n  o f  s h o o t  g rowth  i n  5 t o  1 0  d a y s .  E a r l y  g rowth  

of t h e  r o o t  i n  l e n g t h  w a s  r a p i d ;  i n  t h e  sphagnum moss f l a t s  

t h e  c o n t r o l s  e l o n g a t e d  a t  a r a t e  o f  a p p r o x i m a t e l y  1.5 cm/24 

h o u r s  d u r i n g  an . i n i t i a l  l o -day  p e r i o d .  Development  o f  t h e  

s h o o t  w a s  a l s o  q u i t e  r a p i d ,  and the b u l k  o f  . h e i g h t  g r o w t h  

was comple t ed  a f ter  20 d a y s .  The b e g i n n i n g  o f  g r o w t h  i n  t h e  . . 

a p i c a l  m e r i s t e m  i s  c o n t i n g e n t  .upon endogenous '  f a c t o r s  and 

n o t  upon u l t i m a t e  r o o t  deve lopmen t .  I n  s u p p o r t  of  t h i s  i t  

w a s  o b s e r v e d  t h a t  s e v e r i n g  the r o o t  a t  emergence  d l d  n o t  

, p r e v e n t  g r o w t h  o f  t h e  s h o o t ;  l a t e r a l  r o o t s  were  formed a t  

t h e  p o i n t  o f  c u t t i n g  and q u i c k l y  r e g e n e r a t e d  a  r a m i f i e d  

s y s t e m  o f  b r a n c h - r o o t s .  Q u e r c u s  - .  r u b r a  grew t o  a l a rger  

s i z e  more. q u i c k l y  t h a n  Q u e r c u s  a l b a .  The c o r r e l a t i o n  be- 

tween seed  s i z e  and s e e d l i n g  h e i g h t  was n o t  s i g n i f i c a n . t  

e i t h e r  f o r  the c o n t r o l  o r  i r r a d i a t e d  g r o u p s ,  b u t  t h i s  may 

be d u e  t o  p r e v i o u s  s e l e c t i o n .  f o r  u n i f o r m  s e e d  s i z e .  



The t i m e  r e q u i r e d  f o r  ge rmina tkon  ' va r i ' ed  between l e v e l s  

b u t  w a s  n o t  s i g n i f i c a n t l y  r e l a t e d  t o  r a d i a t i o n  exposure .  I n  

some e x p e r i m e n t s  t h e  i r r a d i a t e d  s e e d  g e r m i n a t e d ,  more q u i c k l y  

t h a n  t h e  c o n t r o l ;  however ,  t h i s  t r e n d .  w a s  n o t  c o n s i s t a n t  

enough t o  be i n t e r p r e t e d  a s  a  d e f i n i t e  s t i m u l a t i o n  e f f e c t .  

T o t a l  ge rmina t ion '  a l s o  v a r i e d  between t h e  two s p e c i e s  b o t h  

i n  t h e  c o n t r o l  and i r r a d i a t e d  g roups .  ' I n  Q u e r c u s  alba germ- 

i n a t i o n  o f  t h e  c o n t r o l  g r o u p  was 95 p e r c e n t  and a l i n e a r  

d e c r e a s e  w a s  o b t a i n e d  w i t h  i n c r e a s k n g  r a d i a t i o n  l e v e l s .  ( s e e  

F i g u r e  1 ~ ) .  An LDSo, w a s  o b t a i n e d  a t  approx ima te ly  6 k r  and 

t o t a l  g e r m i n a t i o n  a t  l O k r  w a s  lowered  t o  25 p e r c e n t .  I n  

Q u e r c u s  r u b r a  g e r m i n a t i o n  o f  t h e  c o n t r o l  g r o u p  w a s  70 p e r -  

c e n t ;  however ,  t h e  r e g r e s s i o n  o f  g e r m i n a t i o n  on r a d i a t i o n  

l e v e l  was n o t  s i g n i f i c a n t  a t  t h e  .05  l e v e l  ( F i g u r e  1 ~ ) .  

T h e r e  w a s  a g = a d u a l  d e c r e a s e  i n  t o t a l  g e r m i n a t i o n  and a 

s i g n i f i c a n t  d i f f e r e n c e  w a s  o b t a i n e d  i n  compar ing  t h e  l O k r  

l e v e l  ( 2 0  p e r c e n t  g e r m i n a t i o n )  w i t h .  t h e  c o n t r o l .  

The w i d e r  r a n g e  o f  e x p o s u r e s i n  Ciroup' I1 of Exper iment  

I i n c l u d e d  t h e  l e t h a l  p o i n t  f o r  b o t h  s p e c i e s .  No s h o o t  

emergence w a s  o b s e r v e d  a t  ' l 6 k r  f o r  e i t h e r  s p e c i e s ,  a l t h o u g h  
d 

a l i m i t e d  amount o f  r o o t  e l o n g a t i o n  took  p l a c e  a t  t h e  1 6  
$ 

and. 3 2 k r  l e v e l s .  G e r m i n a t i  on a t  12kr w a s  s p o r a d i c  ' and 

, compr i sed  less  t h a n  1 0  p e r c e n t  o f  t h e  s e e d  i r r a d i a t e d .  Thus  

t h e  r o o t  g r o ~ i t h  immedia te ly  f o l l o w i n g  germin .a t ion  was less 

i n h i b i t e d  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 a n  was s h o o t  growth .  
. . 

S u r v i v a l  va1ue.s f o r  bo th  s p e c i e s  were  o b t a i n e d  a t  t h e  



end o f  t h e  f i r s t  g rowing  season .  The c a l c u l a t e d  r e g r e s s i o n s  

f o r  s u r v i v a l  i n d i c a t e  s i g n i f i c a n c e  a t  t h e  .01  l e v e l  f o r  

Q u e r c u s  a l b a  ( F i g u r e  1A) and n o n - s i g n i f i c a n c e  f o r  Quercus  - 
r u b r a  ( ~ i g u r e  1 ~ )  whdn p l o t t e d  o v e r  ' r a d i a t i o n  exposure .  - 
The e l e v a t i o n , o f  t h e  r e g r e s s i o n  l i n e s  f o r  s u r v i v a l  were  

n o t  s i g n i f i c a n t l y  ' d i , f f  e r e n t  f rom t h o s e  f o r  g e r m i n a t i o n .  

Thus  t h e  v a l u e s  o b t a i n e d  a r e  s i m p l e  r e f l e c t i o n s  o f  germin-  

a t i o n  p e r c e n t a g e s .  

The t o t a l  h e i g h t  growth  o b t a i n e d  a t  d i f f e r e n t  t r e a t m e n t  

l e v e l s  f o r  b o t h  s p e c i e s  i n  Group I i s  shown i n  F i g u r e  2 A  

and 2B. Two g e n e r a l  p a t t e r n s  o f  h e i g h t  g rowth  were  o b s e r v e d :  

( 1 )  s h o o t  g r o w t h ,  r e s u l t i n g  f rom c o n t i n u o u s  g rowth  o f  t h e  

o r i g i n a l  a p i c a l  mer i s t em and,  ( 2 )  s p r o u t  g r o w t h ,  f rom e i t h e r  

a x i l l a r y  o r  a d v e n t i t i o u s  p r i m o r d i a .  The t e rm a d v e n t i t i o u s  

s p r o u t i n g  i s  h e r e i n  u s e d  i n  t h e  ,b road  s e n s e ; .  any damage t o  

t h e  o r i g i n a l  a p i c a l  mer i s t em r e s u l t h n g  i n  , r e o . r g a n i z a t i o n  

and s u b s e q u e n t  g r o w t h  f rom such  areas w a s  c o n s i d e r e d  I 

a d v e n t i t i o u s  s p r o u t i n g .  

C u r v i l i n e a r  r e g r e s s i o n s  o f  t h e  second o r d e r  po lynomia l  

( y  = a + bx + ex2) were  c a l c u l a t e d  . fo , r  s p r o u t  and s h o o t  

g rowth  s e p a r a t e l y .  The  r e l a t i v e  f r e q u e n c y  of i n d i v i d u a l s  

repr.esent8i.l by e a c h  p o i n t  on t h e  g r a p h  d e c r e a s e s  w i t h  

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

h i g h e r  l e v e l s  f o r  sp.rout  growth .  The number of i n d i v i d u a l s  

t h a t  s p r o u t e d  i n .  r e s p o n s e  t o  r a d i a t i o n  damage varied f rom 

6  p e r c e n t  a t  l k r  t o  75 p e r c e n t  a t  6 k r  f o r  Quercus  a l b a ,  



I and. 5 p e r c e n t ,  t o  93 p e r c e n t  f o r  Quercus  r u b r a ,  a t  s i m i l a r  - 

l e v e l s .  Because  of  t h e  wide  v a r i a t i o n  between t o t a l  h e i g h t s  

a t  d i f f e r i n g  l e v e l s  and u n e q u a l  s u r v i v a l  a t  t h e  d i f f e r e n t  

l e v e l s ,  t h e  o v e r a l l  r e g r e s s i o n  was n o t  s i g n i f i c a n t  ( . 0 5  

l e v e l )  f o r  e i t h e r  s p e c i e s  o r  f o r  t y p e  of  growth .  Comparison 

between s p e c i e s  ' i s  complexed by i n h e r e n t  d i f f e r e n c e s  of  

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

conce rned  with t y p e  o f .  s h o o t  growth .  T h e r e f o r e ,  h e i g h t  

g rowth  did n o t  g i v e  a r e l i a b l e  i n d i c a t i o n  o f  r a d i a t i o n  

damage. Among i n d i v i d u a l s  where r a d i a t i o n  damage h a d  i n d u c e d  

s p r o u t i n g ,  t h e  h e i g h t  o f  s h o o t  growth  p r i o r  t o ,  s p r o u t  

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

t y p e s  o f  s p r o u t i n g  obse rved  are shown i n  F i g u r e  3A-C and 

q u a n t i f i e d  i n  F i g u r e  4. The s imi la r  r e a c t i o n  by t h e  two 

s p e c i e s  i n  r e s p o n s e  t o  r a d i a t i o n  damage i s  shown by the 

p a r a l l e l  r e g r e s s i o n  l i n e s  i n  F i g u r e  4. The s i g n i f i c a n t  

d i f f e r e n c e  (1 p e r c e n t  l e v e l )  i n  e l e v a t i o n  between t h e  

r e g r e s s i o n s  r e f l e c t s  v a r i a t i o n  i n  ' s h o o t  g rowth  i n h e r e n t  t o  

e a c h  s p e c i e s .  

The physiognomy o f  f u l l y  dev 'eloped s e e d l i n g s  i n  t h e  

i r radiated g r o u p s  w a s  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 .  

I n  F i g u r e  3 D  t h e  r a n g e  of  v a r i a t i . o n  i n  t h e  i r r a d i a t e d  

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

( F i g u r e  3 E ) .  The t y p e s  of a b e r r a t i o n  obse rved  were :  c h a n g e s  

i n  l e a f  s i z e ,  shape., and t e x t u r e ;  c o n t o r t e d  s tem g rowth ;  

and r e d u c t i o n  i n  o v e r a l l  g rowth .  Dwarf ing  was common a t  



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

i n  c h l o r o p h y l l  c o n t e n t  i n d i c a t e d  by a b n o r m a l l y  d a r k  o r  

p a l e  l e a v e s . . O n l y  one i n d i v i d u a l  f rom t h e  i r r a d i a t e d  

p o p u l a t i o n  was o u t s t a n d i n g  i n  t o t a l  h e i g h t  g r o w t h  compared t o  

t h e  c o n t r o l  g r o u p ,  a l t h o u g h  many were  as l a r g e  o r  s l i g h t l y  

l a rger  t h a n  the c o n t r o l s .  T h i s  s e e d l i n g  f rom a  s e e d '  i r r a d i a t e d  

a t  5 k r  unde rwen t  3 s u c c e s s i v e  g rowth  f l u s h e s  d u r i n g  t h e  

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

' ~ o t a l  height was 34 cm compared t o  a maximum o f  20 crn f o r  

t h e  t a l l e s t  i n  th .e  c o n t r o l  g roup .  Seconda ry  f l u s h i n g  i s  

common i n  o a k s  and s e v e r a l  of t h e  c o n t r o l  and i r r a d i a t e d  

s e e d l i n g s  p r o d u c e d  m u l t i p l e  f l u s h e s ;  however ,  none  were  ' .as  

v i g o r o u s  as t h e  s i n g l e  s e e d l i n g  men t ioned .  A t  the end o f  

one g rowing  s e a s o n  some a b e r r a n t  t y p e s  a p p e a r e d  t o  be  

m u t a n t  f o r m s ,  b u t  t h e i r  u l t i m a t e  e v a l u a t i o n  p r o p e r l y  

awaits s u b s e q u e n t  g rowing  s e a s o n s .  A l l  o f  t h e  s e e d l i n g s  

f rom t h e  i r r a d i a t e d  s e e d  h a v e  been  o u t p l a n t e d  i n  a t e s t  

n u r s e r y  t o  a l l o w  f u t u r e  e v a l u a t i o n .  

H i s t o l o g i c a l  e x a m i n a t i o n  of  a p i c a l  g rowth  w a s  made 

from s e e d l i n g s  i n  Group T I ,  Expe r imen t  I. Microtome s e c t i o n s  

f r o m  material c o l l e c t e d  a t  g e r m i n a t i o n  and a t  i n t e r v a l s  

th ro .ugh  the e l o n g a t i o n  p ' e r iod  i n d i c a t e d  t h a t  g rowth  a t  

h i g h e r  l e v e l s  ( 7 k r  and above )  o r i g i n a t e d  f rom s p r o u t i n g  

d i r e c t l y  a t  the r o o t  c o l l a r .  A t  t h e s e  l e v e l s  t h e  embryonic  

a p i c a l  m e r i s t e m  was so  damaged by r a d i a t i o n  t h a t  normal  

g r o w t h  d id  n o t  t a k e  p l a c e .  I n s t e a d ,  r e o r g a n i z a t i o n  o f  a p i c a l  



p r i m o . r d i a  o c c u r r e d  a t  s e v e r a l  p o i n t s  w i t h i n  t h e  m u l t f  - 
c e l l e d  m e r i s t e m ,  r e s u l t i n g  i n  the g r o w t h  o f  one  o r  more 

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

Examples  o f  t h e  e x t e r n a l  a p p e a r a n c e  o f  a c o n t r o l  and 

two i r r a d i a t e d  i n d i v i d u a l s  a r e  .shown i n  F i g u r e  5 A - C  and 

l o n g i t u d i n a l  s e c t i o n s  are i l l u s ' t r a t e d  i n  5D-F. A t  l o w e r  

r a d i a t i o n  l e v e l s  the s h o o t  g r o w t h  w a s  less  e f f e c t e d  a d  

t h e  s p r o u t i n g  t h a t  o c c u r r e d  came f rom a x i l l a r y  mexistems. 

s u b s e q u e n t  i n t e r n a l  o r g a r i i z a t i o n  and e s t a b l i s h m e n t  o f  

a x i ' l l  a r y  p r i m o r d i  a i h  the e l o n g a t i n g  s p r o u t  p r o c e e d e d  i n  

t h e  u s u a l  manner. 

. , 

Root  g r o w t h  of  the two s p e c i e s  w a s  a n a l y s e d  i n  Group II,, 

Exper imen t  I. A l i n e a r  d e c r e a s e  i n  e l o n g a t i o n  r a t e  w a s  

d i r e c t l ' y  a s s o c i a t e d  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 s .  

T h i s  r e s p o n s e  i s  sh.own f o r  Q u e r c u s  a l b a  i n  F i g u r e  6 A  and 

f o r  Q u e r c u s  - r u b r a  i n  F i g u r e  6 ~ ;  I n  t h e  two g r a p h s  r o o t  

l e n g t h  i s  p l o t t e d  as. t h e  d e p e n d a n t  variable o v e r  t h e  

l o g a r i t h m  ( b a s e  1 0 )  o f  r a d i a t i o n  e x p o s u r e .  Root l e n g t h  

a f t e r  1 U  d a y s  w a s  similar f o r  b o t h  s p e c i e s ,  d e s p i t e  an 

e a r l i e r  d i f f e r e n c e  be tween  s p e c i e s  a t  5 d a y s .  T h i s  d e s c r e -  

pency  and t h e  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  compar ing  
J 

g r o w t h  p e r i o d s  be tween  s p e c i e s  r e f l e c t s  d i f f e r e n t  ' i n h e r e n t  

g r o w t h  rates and ' i s  n o t  a r a d i a t i o n  e f f e c t  per  see  

Examina t ion  o f  h i s t o l o g i c a l  s e c t i o n s  o f  d e v e l o p i n g  

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

3 2 k r  w a s  d u e  a 1 m o s t : e n t i r e l y .  t o  c e l l .  e l o n g a t i o n .  A t  t h i s  



I r a d i a t i o n  l e v e l  an i n i t i a l  s p o r a d i c  wave of  c e l l  d i v i s i o n  

o c c u r r e d  d u r i n g  r a d i c l e  emergence b u t  no f u r t h e r  m i t o t i c  
. . 

a c t i v i t y  w a s .  obse rved .  I n  t h e  r e m a i n i n g  l e v e l s  t h e r e  w a s  a 

p o s i t i v e  c o r r e l a t i o n  between m i  t o t i c  a c t i v i t y  A d  r o o t  

l e n g t h .  However, d u e  t o  an a p p a r e n t  d i f f e r e n c e  i n  endogenous 

t i m e s  o f  peak  c e l i  d i v i s i o n  among i n d i v i d u a l s ,  r o o t '  l e n g t h  

w a s  s e l e c t e d  as t h e  b e s t  e s t i m a t o r  o f  t o t a l  m i t . o t i c  a c t i v i t y .  

I n  F i g u r e  5 G - I  l o n g i t u d i n a l  s e c t i o n  o f  r o o t  t i p s  f rom a 

c o ' n t r o l  and two i r r a d i a t e d  l e v e l s  ( 8 k r  and 1 6 k r )  a r e  shown. 

~ h e s e  pho to -mic rographs  i l l u s t r a t e  a d e c r e a s e  i n  m e r i s t e m a t i c  

a r e a  c a u s e d  .by r a d i a t i o n  damage o f  embryonic  p r i m o r d i a .  

M a t u r a t i o n  o f  , i n d i v i d u a l  c e l l s  o c c u r r e d  c l o s e r  t o  t h e  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  o f  i r r a d i a t e d  r o o t s  t h a n  i n  t h e  c o n t r o l s .  

However; t h e  s l o w e r  c e l l  d i v i s i o n s  of  i r r a d i a t e d  i n d i v i d u a l s  

was t h e  p h y s i c a l  f a c t o r  f o r  t h i s  phenomenon and n o t  

a c c e l e r a t e d  c e l l  development .  C r o s s  s e c t i o n  of  m a t u r e  r o o t  

segments  showed a normal  p a t t e r n  of  v a s c u l a r  d i f f e r e n t i a t i o n  

e x c e p t  a t  1 6  and 3 2 k r ;  because  t h e r e  w a s  no s h o o t  e.mergence 

aild u r r l y  s l i g h t  r o o t  growth  a t  t h e s e  l e v e l s ,  i t  may b e  

assumed that  t h e y  c o n s t i t u t e d  l e t h a l  e x p o s u r e s .  

Exper iment  I1 
Y 

Exper iment  I1 w a s  conduc ted  t o  e v a l u a t e  t h e  e f f e c t  o f  

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

r a d i o s e n s i t i v i t y .  Root l e n g t h  d u r i n g  t h e  f i r s t  10-day-period 

f o l l o w i n g  had been. e s t a b l i s h e d  a s  a r e l f  a b l e  

i n d i c a t o r  o f  r a d i a t i o n  damage. and t h i s  method was u t i l i z e d  



t o  e v a l u a t e  t h e  t h r e e  e x p e r i m e n t a l  c o n d i t i o n s ,  The r e s u l t s  

oQ Exper iment  I1 a r e  p l o t t e d  i n  F i g u r e  7. Here  t h e  l e n g t h  

o f  r o o t  g rowth  i s  p l o t t ' e d  o v e r  t h e  l o g a r i t h m  ( b a s e  1 0 )  of  

e x p o s u r e  l e v e l  i n  k r .  I n  a p r e l i m i n a r y  a n a l y s i s ,  s e p a r a t e  

r e g r e s s i o n s  were . . c a l c u l a t e d  and an a n a l y s i s  ' o f  v a r i a n c e  f o r  

d i f f e r e n c e  between t h e  t h r e e  p r e - t r e a t m e n t s  w a s  non-s igni -  

f i c a n t  a t  t h e  5 p e r c e n t  l e v e l .  T h e r e f o r e ,  s i n g l e  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  f o r  r o o t  g rowth  d u r i n g  e a c h  p e r i o d .  

Shoot  emergence ' f rom t h e '  t h r e e  g r o u p s  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 i s c u s s e d  i n  Exper iment  I. Only l i m i t e d  s h o o t  

emergence ( l e s s  t h a n  1 0  p e r c e n t )  o c c u r r e d  a t  1 2 k r  and none 

a t  1 6  and 32kr .  Again t h e  r o o t  development  a t  1 6  and 3 2 k r  

was m a i n l y  by c e l l  m a t u r a t i o n  and e l o n g a t i o n  w i t h  l i t t l e  

m i t o t i c  a c t i v i t y  t a k i n g  p l a c e .  An a n a l y s i s  of  v a r i a n c e  f o r  

r e g r e s s i o n  l i n e s  o b t a i n e d  i n  t h i s  e x p e r i m e n t ,  compared 

w i t h  t h o s e  f rom Exper iment  I y ie l ' ded  no g i g n i f i c a n t  

d i f f e r e n c e  ( , 0 1  l e v e l )  f o r  s l o p e  ( b )  o r  i n t e r c e p t  (a). Thus  

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

l0 -day  r o o t  g rowth  w a s  c o n s i s t e n t  o v e r  r e p l i c a t e d  tr ials.  

DISCUSSION 

The l e t h a l  . e x p o s u r e s  were  s i m i l a r  f o r  b o t h  s p e c i e s ' a n d  
Y 

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

n u c l e a r  volumes ( see,  Sparrow et &. , 1 9 6 1 ) .  ,However,  t h e  

d i f f e r e n t  g e r m i n a t i o n  r e s u l t s .  w i t h i n  t r e a t m e n t  l e v e l s ,  and 
\ 

between s p e c i e s ,  i s . l e s s  e a s y  t o  e x p l a i n .  The r e s u l t s  a r e  

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



r e s p o n s e  t o  r a d i a t i o n  t r e a t m e n t ,  and d i r e c t  s e p a r a t i o n  o f  

t h e  two i s  d i f f i c u l t .  

The r e p o r t s  by Gray and S c h o l e s  ( 1 9 5 1 )  and by Read ( 1 9 5 9 )  

h a v e  shown t h e  m e r i s t e m a t i c  areas t o  b e , t h e  s i t e  o f  p l a n t  

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

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

r e c e n t l y  r e c e i v e d  r e v i e w  ( Sparrow and Evans ,  1961;  Evans 

and Sparrow, 1 9 6 1 ) .  Wi th in  t h e  n u c l e a r  h y p o t h e s i s  the 

s e n s i t i v i t y  of  DNA ( s e e  ' L a j t h a ,  196.0; S e t l o w ,  1 9 6 1 ) .  RNA 

( s e e  ' r e v i e w  by K e l l y ,  1961)  n u c l e a r  p h o s p h o r y l a t i o n  

(Creasey '  and S tocken ,  1 9 5 9 ) ,  and n u c l e a r  volume (Spar row 

and Miksche, ,1961) are p a r t i c u l a r l y  i m p o r t a n t  a s p e c t s .  

Sparrow and Miksche (196.2) showed t h a t  t h e  r a d i o s e n . s i ' t i v i t y  

o f  a l a r g e  number o f  p l a n t  s p e c i e s  i s  c l o s e l y  c o r r e l a t e d  
. . 

w i t h  n u c l e a r  volume and DNA c o n t e n t .  Although n u c l e a r  

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

c y t o p l a s m i c  enzyme' r e a c t f  o n s  need  a l s o  t o  be c o n s i d e r e d .  

Gordon ( 1 9 5 7 )  has p o i n t e d  o u t  t h e  r a d i o s e n s i t i v i t y -  o f  

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

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

a f f e c t e d  by r a d i a t i o n  ( s e e  K e l l y ,  1961)  t h a n  t h e  more 

s e n s i t i v e  n u c l e a r  components.  

The v a r i a t i o n  o f  g e r m i n a t i o n  between s p e c i e s  may 

r e f l e c t  i n t e r a c t i o n  of  r a d i a t i o n  w i t h  any o f  t h e  above 

sys tems. ,  The da ta  f rom i n d i v i d u a l s .  which grew by s p r o u t i n g  

a l s o  s u g g e s t s  such  m o d i f i c a t i o n .  The amount o f  s h o o t  



. g r o w t h  p r i o r  t o  s p r o u t  o r i g i n  showed a  l i n e a r  d e 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 .  T h i s  e f f e c t  may be an e x p r e s s i o n  

o f  al tered p h y s i o l o g y  w h i c h  i s  r e p a i r e d  d u r i n g  the c y t o l o g i c a l  
. . 

s e q u e n c e  l e a d i n g  t o  s p r o u t  g rowth .  Al though o b v i o u s l y  a . 
complex r e l a t i o n s h i p ,  t h e  v a r i a t i o n  i n  g e r m i n a t i o n  v a l u e s  

and a t  l eas t  a m a j o r  component o f  t h e  s p r o u t i n g  r e a c t i o n  

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

Because  t h e  r o o t  and s h o o t  g r o w t h  v a l u e s  are s imi la r  

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

t h e  two s p e c i e s  t o  r a d i a t i o n  was a l s o  t h e  same. Shoo t  g r o w t h  

w a s  complexed by s p r o u t i n g  i n  r e s p o n s e  t o  r a d i a t i o n  damage 

and th l i s  w a s  n o t  a good i n d i c a t o r  o f  r a d i a t i o n  e f f e c t .  P i n u s  

r i g i d a  s e e d l i n g s  exposed  t o  g,amma r a y s  showed a s imi lar  re- 

s p o n s e ,  and s p r o u t i n g  w a s  a common phenomenon i n  t h e  p l a n t s  

daqaged by r a d i a t i o n  (Mergen,  1963). Root g rowth  showed a 

l i n e a r  decrease 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  and 

p r o v i d e d  an a p p r o x i m a t i o n  o f  g e n e t i c  r d s p o n s e . ' ~ r o w t h  o f  

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

o r  a t  l e a s t  l ess  demanding i n  t h e  need  f o r  endogenous  

g r o w t h  s u b s t a n c e  and g e n e r a l  b i o l o g i c a l  harmony t h a n '  i s  

e p i c o t y l  g rowth .  

The i n t e r p r e t a t i o n  o f  Expe r imen t  I1 c o n c e r n i n g  d i f f e r e n t  

m o i s t u r e  c o n t e n t s  and p h y s i o l o g i c a l  c o n d i t i o n  a t  t h e  t i m e  
- 

of  i r r a d i a t i o n  w a s  a l s o  b a s e d  on r o o t  e l o n g a t i o n .  The r o o t  

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

r e s p o n s e  t o  p r e t r e a t m e n t ;  a f a c t  which  l e n d s  s u p p o r t  t o  



i t s  . u s e  a s  a macro-measure o f  g e n e t i c  damage, I t  i s  q u i t e  

l i k e l y  t h a t  s i m i l a r  r e s u l t s  w i l l  b e  o b t a i n e d  i n  i r r a d i a t i o n  

s f  o t h e r  hardwood s p e c i e s  t h a t  have  an i n h e r e n t  s p r o u t i n g  

a b i l i t y .  The u s e  o f  e a r l y  r o o t  g r o w t h  may be  used  a s  one 

I measure  of  r a d i a t i o n  r e s p o n s e  i.n such  s p e c i e s .  

The  uni form s u r v i v a l  v a l u e s  o b t a i n e d  were  d e p e n d a n t  

upon t h e  r e c o v e r y  o f  a p i c a l  m e r i s t e m s  f rom r a d i a t i o n  damage 

by s p r o u t  growth .  Such s o m a t i c  s e l e c t i o n  among. g e n e t i c a l l y  

damaged c e l l  p o p u l a t i o n s  ' h a s  been c a l l e d  d i p l o t o n i c  

s e l e c t i o n  by Gaul  (1959 ,  1 9 6 1 ) .  A x i l l a r y  s p r o u t i n g  a r i s i n g  

f rom p r i m o r d i a  l a i d  down i n  t h e  normal  growth  p a t t e r n  w a s  

t h e  most  common form of r e c o v e r y  a t  l ower  l e v e l s  o f  r a d i a t i o n .  

R e s u l t s  a t  t h e  h i g h e r  l e v e l s  ( 7 k r )  i n d i c a t e d  an e a r l y  

c o m p e t i t i o n  among a p i c a l  m e r i s t e m a t i c  c e l l s  w i t h  s u b s e q u e n t  

o r g a n i z a t i o n  o f  a d v e n t i t i o u s  s p r o u t i n g ,  A c t u a l l y  t h e r e  was 

no d i s t i n c t  t h r e s h o l d  e x p o s u r e  a t  which one form o f  , 

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

w a s  n o . d o u b t  a f a c t o r  a t  a l l  l e v e l ' s  of  t r e a t m e n t ,  w i t h  

i n c r e a s i n g  magn i tude  'as t h e  amount and s e v e r i t y  o f  c e l l  

damage i n c r e a s e d .  

Compe t i t ion  among c e l l s  i n d i c a t e s  t h e  -chimera1 n a t u r e  

o f  t h e  embryo following i r r a d i a t i o n .  Whether the  i 'nduced 

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

f u r t h e r  growth  depends  on t h e  number of  c e l l s  i n v o l v e d  i n  

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

s p r o u t i n g  i t  i s  q u i t e  l i k e l y .  t h a t  t h e y  would be g e n e t i c a l l y  



d i s s imi l a r .  Moh ( 1 9 6 1 )  h a s  s u g g e s t e d  t h a t  t h e  a p i c a l  g r o w t h  

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

embryon ic  c e l l .  If t h e  s i t u a t i o n  i s  s i m i l a r  i n  ~ u e r - c u s  t h e n  

any p a r t i c u l a r  s p r o u t  o r  s h o o t  would be g e n e t i c ' a l l y . u n i f o r m .  

The a b e r r a n t  f o r m s  o b s e r v e d  d u r i n g  the  f i r s t .  g rowing  s e a s o n  

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

a l t h o u g h ,  i n  some a p o r t i o n  o f  t h e  l e a v e s  were  a b e r r a n t  

w h i l e  o t h e r s  .on t h e  same p l a n t  we re  normal .  The  l a t t e r  

s u g g e s t s  a c h i m e r a 1  o r i g i n  which may s u b s e q u e n t l y  segregate 

a s  g r o w t h  p r o g r e s s e s .  

The  rarige o f  r a d i a t i o n  e x p o s u r e  f rom 1 t o  l O k r  i s  

recommended f o r  u s e  i n  i n d u c e d  m u t a t i o n  s t u d i e s  w i t h  oak  

seed .  The  m o i s t u r e  c o n t e n t  n o r m a l l y  f o u n d  i n  oak  s e e d  i s  

h i g h ,  and. v a r i a t i o n  above  25 p e r c e n t  d i d  n o t  change  t h e  

r a d i o s e n s i t i v f  ty. I n  terms o f  the  mos t  c o n s i s t a n t  macro- 

e s t i m a t o r  o f  g e n e t i c  damage ( r o o t  g r o w t h )  i n c r e a s e d  

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

i n  a l t e r i n g  s e n s i t i v i t y .  The simil.ar g e n e t i c  r e a c t i o n  by 

b o t h  species i v v e s t i g a t e d  r o l a t e s  t o  their comparab l e  

n u c l e a r  and chromosomal complements ;  any d i f f e r e n c e s  

o b s e r v e d  i n  th is  r e p o r t  c a n  be e x p l a i n e d  i n  l i g h t  o f  

p h y s i o l o g i c a l  d i v e r s i f i c a t i o n .  R e s u l t s  o b t a i n e d  may be 

a p p l i c a b l e  t o  a l a r g e  number o f  woody a n g i o s p e r m s  o f  . 

similar n u c l e a r  makeup, a l t h o u g h  v a r i a n c e  d u e  t o  i n h e r e n t  

p h y s i o l o g i c a l  d i f f e r e n c e s  i s  ' a n t i c i p a t e d .  



SUMMARY 

Dormant s e e d  of Q u e r c u s  a l b a  and Q u e r c u s  r u b r a  were 

i r rad ia ted  w i t h  gamma r a y s  f rom ~ 0 6 0  t o  d e t e r m i n e  t h e  

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

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

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

t o  t r e a t m e n t ,  and p r e l i m i n a r y  e v a l u a t i o n  of  i n d u c e d  m u t a t i o n .  

The 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 l e t h a l  r a d i a t i o n  e x p o s u r e  w a s  t h e  same f o r  b o t h  

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

between s p e c i e s  w i t h i n  t h e  t r e a t m e n t  r a n g e  o f  1 t o  1 0 k r .  

Q u e r c u s  a l b a  showed an LD50 o f  6 k r  w i t h  e s i g n i f i c a n t  - 
r e g r e s s i o n  f o r  r a d i a t i o n  l e v e l .  The r e g r e s s i o n  o f  germin-  

a t i o n  on r a d i a t i o n  l e v e l  yas n o t  s i g n i f i c a n t  f o r  s e e d  o f  

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

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

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

2. H e i g h t  g rowth  i n  t h e  two s p e c i e s  was complexed .by 

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

p r i m o r d i a .  S e e d l i n g  h e i g h t  a t  t h e  end o f  one  y e a r  w a s  n o t  

a s i g n i f i c a n t  measure  o f  r a d i a t i o n  damage. The t y p e  of 

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

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

3. Growth o f  t h e  r o o t  a t  1 0  d a y s  f o l l o w i n g  i n c e p t i o n  w a s  v 

e s t a b l i s h e d  as a macro-measure o f  g e n e t i c  damage. Changes 

i n  m o i s t u r e  c o n t e n t  ( a b o v e  25 p e r c e n t )  o r  m e t a b o l i c  a c t i v i t y  



p r i o r  t o  ge rmina t io i  d i d  n o t  s i g n i f i c a n t l y  change  the 

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

t h a t  i n i t i a i  r o o t  i s  u s e f u l  as a b i o a s s a y  o f  r a d i a t i o n  

e f f e c t  on t h e  seed. o f  woody a n g i o s p e r m s  where  s p r o u t i n g  i s  

c ommon. 

4. The r a n g e  o f  1 t o  l O k r  i s  recommended f o r . u s e  i n  oak 

seed i r r a d i a t i o n  e x p e r i m e n t s  f o r  t h e  i n d u c t i o n .  o f  

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

g rowing  s e a s o n  i n d i c a t e s ' t h a t  most  a b e r r a t i o n s  o b s e r v e d  

a r e  g e n e r a l l y  d e l e t e r i o u s  t o  t o t a l  g rowth .  However,  many 

o f  t h e .  i r rad ia ted  s e e d l i n g s  w e r e  as large as t h e  c o n t r o l s  

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

t o t a l  gr.owth. 
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FIGURE 1. Relat ion  o f  germination and surv iva l  

eo  acute  rad ia t ion  exposure of dormant 

seed i n  Quercus alba ( A )  and Buercus 

rubra (.B). 
- .  
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FIGURB 2'. Height growth o f  s e e d l i n g s  from 

' i r rad ia ted  seed,  a d i s t i n c t i o n  i s  

made, between shoot and sprout 

growth f o r  Quercus al'ba ( A )  .and 

Quercus rubra ( B ) .  
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FIGURE 3. Growth of  seedl ings  'from irradiated  

seed. ( A  t o  C )  Sprouting at  lkr  ( A ) ,  

4 k r  (B), and 7kr ( C ) .  The range of 

var iat ion  i n  an. i rradiated  group (D) 

i s  c6mpared t o  the control  ( B ) .  The 

seedl ings  are i n  b inch pot s .  





FIGURE 8 .  The mean height '  a t  which sprouting 

occurred due t o  rad ia t ion  damage o f  

embryonic primordia i n  . t h e  dormant 

seed.  





FIGURE 5. Morphology o f  e a r l y  s h o o t  and r o o t  growth  

f rom i r r a d i a t e d '  s eed .  Shoot  segment s  . exc i sed  

, . at  t h e  r o o t  c o l l a r  a r e  shown f o r  a c o n t r o l  ( A ) ,  

7 k r  ( B ) ,  and 12kP (C . ) .  L o n g i t u d e n a l  s e c t i o n s  

f rom the same e x p o s u r e  l e v e l s  are shown ' 

d i r e c t l y  below ( D  t o  F ) .  S e c t i o n s  of  

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

f o r  c o n t r o l  ( G ) ,  8kr  ( H ) ,  16kr (I). The 

a r r o w s  i n d i c a t e  t h e  r e g i o n  of m i t o t i c  

a c t i v i t y .  



FIGURE 5 



FIGURE 6 .  Re lat ionship  between rad ia t ion  expo sure 

and roo t  growth a t  two 5-day i n t e r v a l s  

f o l l owing  germin a t i on .  Quercus a lba  ( A )  

had, a  slower' inherent  growth r a t e  ,than 

Quercus rubra (B) . 
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FIGURE 3. Relat ion  between roo t  growth and 

r a d i a t i o n  exposure o f  Quercus rubra 

seed f o r  the fo l l owing  pr'e-irradiatio'n 

cond i t i ons :  Group l , ' . m o i s t u r e  content  

22 percent  s tored  a t  4 ' ~ ;  Group 2 ,  

moisture content  44 percent  s t o r e d  a t  

4 ' ~ ;  and Group 3 ,  moisture content  47 

percent  incubated 10 days  a t  2 9 ' ~ .  
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