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Ultraviolet Irradiation of Maize (Zea Mays L.) Pollen Grains 
II. Pollen Genotype Effects on Plant Characteristics 

P . L .  P f a h l e r  and H . F .  Linskens 
U n i v e r s i t y  of  F l o r i d a ,  G a i n e s v i l l e ,  F l o r i d a  (USA) and U n i v e r s i t y  of N i j m e g e n ,  N i j m e g e n  ( the N e the r l ands )  

S u m m a r y .  Ma tu re  pol len g r a i n s  f r o m  two s ing le  c r o s s  (F~) hyb r id s ,  Wf9 x H55 and K64 x K55, w e r e  exposed  
to e l even  l e v e l s  (0 to 6 .80 e r g / c m  2 x 105 at 0 .68 i n t e r v a l s )  of u l t r av io l e t  i r r a d i a t i o n  and then w e r e  used  to po l -  
l ina te  t h e i r  s o u r c e .  Height and ke rne l  c h a r a c t e r i s t i c s  (ke rne l  weight ,  w e i g h t / 1 0 0  k e r n e l s ,  ke rne l  number )  of 
individual  Fm plan ts  p roduced  by the n o r m a l  Fm k e r n e l s  obta ined f rom the se  pol l ina t ions  w e r e  m e a s u r e d  within 
each l eve l  and popula t ion .  Highly s ign i f ican t  e x p o s u r e  • populat ion i n t e r ac t i ons  w e r e  found fo r  all c h a r a c t e r s ,  
indica t ing  that the effect  of i r r a d i a t i o n  depended on the gene t ic  s o u r c e  of the pol len g r a i n s .  I nc r ea s ing  e x p o s u r e  
i n c r e a s e d  o r  did not change the mean of Wf9 x H55 and d e c r e a s e d  the mean in K64 • K55 fo r  all  c h a r a c t e r s .  F o r  
coe f f i c i en t  of v a r i a t i o n  v a l u e s ,  the i n t e r a c t i o n ,  e x p o s u r e  x popula t ion,  was not s ign i f ican t  fo r  any c h a r a c t e r  
m e a s u r e d ,  indica t ing  that i r r a d i a t i o n - i n d u c e d  v a r i a b i l i t y  was un re l a t ed  to pol len  s o u r c e .  The r e s u l t s  ind ica te  
that po l len  s o u r c e  s t rong ly  inf luenced  the effect  of u l t r av io l e t  i r r a d i a t i o n  on plant means  but had no in f luence  on 
v a r i a b i l i t y .  
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In t roduct ion  

Ultraviolet irradiation has many unique properties 

as a mutagenic agent. In contrast to those produced 

by ionizing irradiation, the changes induced by ultra- 

violet have been classified as true point mutations 

because of their size, reverse mutation capabilities, 

viability and transmission characteristics in the 

gametophytic generation, lack of recessive lethality 

and effect on crossing over (Fujui 1969, Ikenaga and 

Mabuchi 1966, Nuffer 1957, Stadler 1941, Stadler 

and Roman 1943, Stadler and Sprague 1936, Stadler 

and Sprague 1937). Therefore, ultraviolet irradiation 

may represent one of the most desirable methods to 

artificially produce new allelic forms and thereby in- 

crease genetic variation. 

In higher plants, the induction of transmissible 

genetic changes by ultraviolet is limited to pollen 

treatment because of its low penetrance. Pollen ir- 

radiation is known to p roduce  ke rne l  abor t ion  ex -  

p r e s s e d  as a d e c r e a s e  in the pe r cen t  of n o r m a l  k e r -  

n e l s  ( P f a h l e r  and Linskens 1976).  H o w e v e r ,  pol len  

t r e a t m e n t  with any mutagen ic  agent has  d is t inc t  ad-  

van tages  b e c a u s e  only one g e n o m e  in the r e s u l t i n g  

k e r n e l s  is  exposed  to i r r a d i a t i o n ,  the  e m b r y o s  con-  

ta in  no c h i m e r a s  and the e x t r e m e  le thal  e f fec t s  p r o -  

duced by irradiation are eliminated by kernel abor- 

tion (Brewbaker and Emery 1962). 

No information is available regarding the effect 

of irradiation on plants produced by the normal ker- 

nels obtained from pollination with irradiated pollen 

grains. This study was designed to measure this ef- 

fect on a number of quantitative characters (plant 

height, kernel weight, weight/100 kernels, kernel 

number) in maize. Pollen from two single cross hy- 

brids was exposed to irradiation to determine if pol- 

len source was a contributing factor. 

Mate r i a l  and Methods 

The s ing le  c r o s s  h y b r i d s ,  co l l ec t i on  and i r r a d i a t i o n  
p r o c e d u r e s  and pol l ina t ion  methods  a r e  p r e s e n t e d  
in a r e l a t e d  pape r  ( P f a h l e r  and Linskens 1976).  In 
b r i e f ,  pol len g r a i n s  f r o m  two s ing le  c r o s s  (F~) hy-  
brids, Wf9 • H55(W) and K64 • were exposed 
to eleven levels (0 to 6.80 erg/cm ~ • I0 ~ at 0.68 in- 
tervals) of ultraviolet. After irradiation, the pollen 
grains from each level were used to pollinate their 
genetic source. 

The normal (embryo and endosperm normal in 
appearance and size) F2 kernels obtained from these 
pol l ina t ions  w e r e  f i e ld -p l an t ed  in r e p l i c a t e d  and b o r -  
d e r e d  plots  in each of two y e a r s ,  1973 and 1975. In 
each y e a r ,  the plant he ight ,  ke rne l  weight ,  we igh t /  
100 k e r n e l s  and ke rne l  n u m b e r  f r o m  each of 100 F~ 
plants  in each  l eve l  and populat ion w e r e  m e a s u r e d .  

Approp r i a t e  v a r i a n c e  and r e g r e s s i o n  ana ly se s  
w e r e  p e r f o r m e d  on each  c h a r a c t e r  m e a s u r e d .  B e -  
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T a b l e  1 . M e a n s q u a r e s f r o m t h e  v a r i a n c e  a n a l y s e s  a s s o c i a t e d  w i t h  t h e  m e a n s  of  
e a c h  c h a r a c t e r  

S o u r c e  of  D e g r e e s  of  P l a n t  K e r n e l  W e i g h t /  K e r n e l  
v a r i a t i o n  f r e e d o m  h e i g h t  w e i g h t  100 k e r n e l s  n u m b e r  

P o p u l a t i o n  ( P )  I 3 6 0 1 0 0 * *  2 0 0 0 9 7 . 2 * *  2 5 . 4  4 2 7 7 7 0 9 * *  
E x p o s u r e  ( E )  I0  9 2 8 7 * *  8 5 8 9 . 2 * *  1 1 9 . 6 " *  50031**  
E X P  I0  19248**  1 3 3 8 3 . 1 " *  1 9 5 . 7 " *  8 4 3 3 1 * *  
Y e a r  ( Y )  1 3 0 9 3 4 0 * *  2 2 7 4 . 9  8 0 7 . 6 * *  1181425**  
Y • 1 25195**  2 3 8 9 9 . 3 * *  1 2 1 . 8 "  342621**  
Y • E 10 2658** 2068.5 47.5* 4604 
Y • E • P I0 979 5021.8"* 50.0* 21806 
E r r o r  4356 572 1 5 9 7 . 3  2 3 . 8  19227 

* ,  ** F v a l u e s  s i g n i f i c a n t  a t  t h e  5 a n d  1 ~ l e v e l  r e s p e c t i v e l y  

f o r e  a n a l y s i s ,  i n v e r s e  s i n e  t r a n s f o r m a t i o n s  w e r e  
a p p l i e d  to  t h e  p e r c e n t  d a t a  a s s o c i a t e d  w i t h  t h e  c o e f -  
f i c i e n t  of v a r i a t i o n  v a l u e s .  The  m i n i m u m  d i f f e r e n c e s  
f o r  s i g n i f i c a n c e  w e r e  o b t a i n e d  b y  m e a n s  of  t h e  r e -  
v i s e d  D u n c a n ' s  r a n g e s  u s i n g  f o r  p o n l y  t h e  m a x i m u m  
n u m b e r  of m e a n s  to  b e  c o m p a r e d  ( H a r t e r  1 9 6 0 ) .  

R e s u l t s  

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

s e n t e d  in  T a b l e  1 . T h e  m a i n  e f f e c t ,  e x p o s u r e ,  a n d  t h e  

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

at  t h e  1 7~ l e v e l  f o r  a l l  c h a r a c t e r s .  The  m a i n  e f f e c t ,  

p o p u l a t i o n ,  w a s  s i g n i f i c a n t  at  t h e  1 7~ l e v e l  f o r  a l l  

c h a r a c t e r s  e x c e p t  w e i g h t / l O 0  k e r n e l s .  The  e f f e c t  of  

y e a r  a n d  i t s  i n t e r a c t i o n s  w i t h  o t h e r  m a i n  e f f e c t s  w a s  

q u i t e  i n c o n s i s t e n t  a n d  d e p e n d e d  o n  t h e  c h a r a c t e r  i n -  

v o l v e d .  

The  m e a n s  a s s o c i a t e d  w i t h  t h e  v a r i a n c e  a n a l y s e s  

a r e  p r e s e n t e d  i n  T a b l e  2.  In  g e n e r a l ,  i n c r e a s i n g  i r r a -  

T a b l e  2.  M e a n s  of  t h e  v a r i o u s  c h a r a c t e r s .  E a c h  v a l u e  r e p r e s e n t s  t h e  m e a n  of  100 p l a n t s  

E x p o s u r e  ( e r g / c m  2 • 105)  
P o p u -  

C h a r a c t e r  l a t i o n  Y e a r  0 0 . 6 8  1 . 3 6  2 . 0 4  2 . 7 2  3 . 4 0  4 . 0 8  4 . 7 6  5 . 4 4  6 . 1 2  6 . 8 0  

P l a n t  
height( c m  ) a 

K e r n e l  
w e i g h t  ( g )  b 

W e i g h t ( g ) /  
100 kernels ~ 

K e r n e l  
n u m b e r  d 

W 1973 172 169 171 183 176 185 177 194 181 182 180 
1975 191 184 190 203 204 220 202 221 205 201 194 

K 1973 182 160 176 169 172 157 157 159 168 160 163 
1975 188 171 185 186 186 175 171 172 177 172 172 

W 1973 1 1 7 . 1  1 1 7 , 4  1 2 0 . 6  1 2 4 . 1  1 2 9 . 6  1 3 2 , 8  1 2 7 . 1  1 3 3 . 1  1 2 9 . 6  1 2 6 . 5  1 2 8 . 0  
1975 1 3 2 . 1  1 2 3 . 0  1 3 1 . 7  1 3 2 . 2  1 3 4 . 6  1 4 4 . 3  1 3 5 . 9  1 3 3 . 5  1 3 9 . 6  1 4 0 . 2  1 3 2 . 1  

K 1973 1 3 8 . 4  1 1 8 . 0  1 2 5 . 3  1 2 2 . 9  1 2 0 . 1  1 0 9 . 1  1 0 9 . 9  1 0 9 . 2  1 1 6 . 3  1 1 2 . 0  1 0 7 , 1  
1975 1 2 7 . 9  1 1 0 . 6  1 1 6 . 0  1 1 5 . 5  1 2 8 . 9  1 0 8 . 2  1 0 3 . 1  1 0 8 . 0  1 1 2 . 5  1 1 1 . 6  1 1 0 . 8  

W 1973 24.9 25.9 25.4 24.3 26.4 25.6 26.6 26.2 26.7 25.8 26.3 
1975 28.5 25.3 26.8 27.0 26.5 25.9 26.0 25.0 27.1 25.3 25.7 

K 1973 2 5 . 0  2 3 , 8  2 3 . 6  2 3 , 6  2 5 . 5  2 6 . 3  2 5 . 8  2 5 . 0  2 7 , 0  2 6 , 3  2 6 . 4  
1975 2 6 . 3  2 4 . 1  2 6 . 1  2 5 . 7  2 6 . 5  2 6 . 1  2 3 . 7  2 4 . 4  2 4 . 4  2 4 . 3  2 5 . 5  

W 1973 473 454 475 515 490 523 486 514 482 482  492 
1975 538 520 557 564 533 563 529 550 529 543 515 

K 1973 488 462 467 459 453 420  426 433 429 443 416 
1975 486 468 451 478 488 428 441 450  470  463 439 

M i n i m u m  d i f f e r e n c e s  b e t w e e n  a n y  two 
t i v e l y  

b M i n i m u m  d i f f e r e n c e s  b e t w e e n  a n y  two  
r e s p e c t i v e l y  

c M i n i m u m  d i f f e r e n c e s  b e t w e e n  a n y  two  
1~ l e v e l  r e s p e c t i v e l y  
M i n i m u m  d i f f e r e n c e s  b e t w e e n  a n y  t w o  
r e s p e c t i v e l y  

h e i g h t  m e a n s  f o r  s i g n i f i c a n c e  a r e  9 a n d  11 a t  t h e  5 a n d  1 ~ l e v e l  r e s p e c -  

k e r n e l  w e i g h t  m e a n s  f o r  s i g n i f i c a n c e  a r e  1 4 . 3  a n d  1 8 . 7  a t  t h e  5 a n d  I 

w e i g h t / 1 0 0  k e r n e l  m e a n s  f o r  s i g n i f i c a n c e  a r e  1 . 7  a n d  2 . 3  a t  t h e  5 a n d  

k e r n e l  n u m b e r  m e a n s  f o r  s i g n i f i c a n c e  a r e  50 a n d  65 a t  t h e  5 a n d  I ~ l e v e l  
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E:XPOStmE (~11r = ~ )  

F i g .  1.  The  e f f e c t  ( i n  ~ of  0 e x p o s u r e )  of  v a r i o u s  e x p o s u r e  l e v e l s  on  t h e  c h a r a c t e r s  m e a s u r e d  in  t h e  two  p o p u l a -  
t i o n s .  The  5 g s i g n i f i c a n c e  r a n g e  f r o m  0 e x p o s u r e  l e v e l  i s  i n d i c a t e d  b y  t h e  h o r i z o n t a l  l i n e s  e q u i d i s t a n t  a b o v e  a n d  
b e l o w  100 70. C i r c l e s  = W;  s t a r s  = K 

d i a t i o n  i n c r e a s e d  o r  d i d  not  c h a n g e  t h e  m e a n s  i n  W 

bu t  d e c r e a s e d  t h e m  in  K in  e a c h  y e a r  f o r  a l l  c h a r -  

a c t e r s .  T h i s  p a t t e r n  i s  s h o w n  g r a p h i c a l l y  in  F i g .  1 

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

t e d  a s  a ~ of  0 e x p o s u r e .  F o r  p l a n t  h e i g h t ,  t h e  i n t e r -  

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

c r e a s e d  t h e  m e a n s  in  W in  c o m p a r i s o n  w i t h  t h e  0 e x -  

p o s u r e  l e v e l � 9  W i t h  K,  t h e s e  l e v e l s  r e s u l t e d  in  a s i -  

g n i f i c a n t  d e c r e a s e  in  p l a n t  h e i g h t  in  r e l a t i o n  to  t h e  0 

e x p o s u r e  l e v e l .  F o r  k e r n e l  w e i g h t ,  w e i g h t / 1 0 0  k e r -  

n e l s ,  a n d  k e r n e l  n u m b e r ,  i n c r e a s i n g  e x p o s u r e  s l i g h t l y  

i n c r e a s e d  o r  d id  no t  c h a n g e  t h e  m e a n s  in  W ,  b u t  s i -  

g n i f i c a n t l y  d e c r e a s e d  t h e m  in  K e x p e c i a l l y  a t  t h e  h i g h -  

e r  l e v e l s .  

T a b l e  3.  M e a n  s q u a r e s  f r o m  t h e  v a r i a n c e  a n a l y s e s  a s s o c i a t e d  w i t h  t h e  t r a n s f o r m e d  
( i n v e r s e  s i n e )  c o e f f i c i e n t  of  v a r i a t i o n  v a l u e s  of  e a c h  c h a r a c t e r  

S o u r c e  of  D e g r e e s  of  P l a n t  K e r n e l  W e i g h t  / K e r n e l  
v a r i a t i o n  f r e e d o m  h e i g h t  w e i g h t  100 k e r n e l s  n u m b e r  

P o p u l a t i o n  ( P )  1 0 . 1 2  2 . 8 9  1 6 . 3 3  ~ 7 . 8 5  
E x p o s u r e  ( E )  10 4 . 4 1  9 . 3 2  2 . 5 9  2 0 . 9 2  ~ 
E X P  10 1 . 9 5  1 2 . 5 2  2 . 6 8  1 3 . 3 3  
Y e a r  ( Y )  1 1 . 7 9  1 5 . 2 1  1 7 6 . 6 8  ~ 5 3 . 9 3  ~ 
Y x P 1 0 . 0 0  5 . 4 6  0 . 0 3  4 3 . 5 6  ~ 
Y x E  10 0 . 9 7  5 . 7 2  3 . 3 1  3 . 5 9  
Y x E  •  10 2~  9 . 8 3  3 . 1 5  7 . 9 7  
E r r o r  44 2 . 2 0  6 . 3 4  2 . 1 6  7 . 8 6  

*,  **  F v a l u e s  s i g n i f i c a n t  a t  t h e  5 a n d  1 ~ l e v e l  r e s p e c t i v e l y  
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The v a r i a b i l i t y  found wi th in  the  p o p u l a t i o n s  fo r  

e a c h  c h a r a c t e r  was  s u b j e c t e d  to v a r i a n c e  a n a l y s e s  

which  a p p e a r  in Table  3. In g e n e r a l ,  no s i g n i f i c a n t  d i f -  

f e r e n c e  a s s o c i a t e d  with the  m a i n  e f f ec t ,  e x p o s u r e ,  

o r  i t s  i n t e r a c t i o n s  wi th  o t h e r  m a i n  e f f ec t s  was  o b -  

t a i n e d .  F o r  k e r n e l  n u m b e r ,  the  m a i n  e f f ec t ,  expo -  

s u r e ,  was  s i g n i f i c a n t  at  t h e  5 ~ l e v e l .  F o r  t h i s  c h a r -  

a c t e r ,  no c o n s i s t e n t  r e l a t i o n s h i p  be tween  e x p o s u r e  

l eve l  and coe f f i c i en t  of v a r i a t i o n  v a l u e s  was  o b t a i n e d .  

The coe f f i c i en t  of  v a r i a t i o n  ( 2 2 . 8 ~ )  at 1 .36 e r g / c m  2 

x 105 was  s i g n i f i c a n t l y  l o w e r  than  t ha t  ( 2 8 . 5  ~) at  t h e  

0 e x p o s u r e  l eve l  at  t h e  5 g l e v e l .  No o t h e r  l e v e l  was  

s i g n i f i c a n t  f r o m  t h e  0 e x p o s u r e  l e v e l .  

Discussion 

In a r e l a t e d  s tudy  ( P f a h l e r  and L inskens  1976) ,  d i f -  

f e r e n c e s  b e t w e e n  t h e s e  two h y b r i d s  w e r e  found in k e r -  

ne l  d e v e l o p m e n t  a f t e r  po l l i na t i on  with u l t r a v i o l e t - i r -  

r a d i a t e d  po l l en  g r a i n s .  Many aspects of kernel de- 

velopment w e r e  a l t e r e d ,  but  in  g e n e r a l ,  i n c r e a s i n g  

e x p o s u r e  i n c r e a s e d  t he  weight  of the  n o r m a l  F 2 k e r -  

n e l s  and  t h e i r  e m b r y o s  in W and d e c r e a s e d  o r  had  

no ef fec t  in K. The r e s u l t s  of the  s tudy  r e p o r t e d  h e r e  

i n d i c a t e  t ha t  t h e  e f fec t  of po l l en  i r r a d i a t i o n  on the  F 2 

p l a n t s  p r o d u c e d  f r o m  the  n o r m a l  F 2 k e r n e l s  was  a l so  

a s s o c i a t e d  wi th  the  po l l en  s o u r c e  h y b r i d .  In g e n e r a l ,  

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

i n c r e a s i n g  o r  not  chang ing  the  m e a n  of W but  c o n -  

s i s t e n t l y  d e c r e a s i n g  t he  m e a n  of K fo r  all  c h a r a c t e r s  

m e a s u r e d .  The m o s t  obv ious  e x p l a n a t i o n  i s  t ha t  the  

po l l en  g r a i n s  of K a r e  m o r e  r a d i o s e n s i t i v e  o r  s u s -  

t a i n  m o r e  n u c l e a r  d a m a g e  t h a n  t h o s e  of W.  H o w e v e r ,  

t h i s  e x p l a n a t i o n  n e g l e c t s  the  c o n s i s t e n t  and s i g n i f i -  

can t  i n c r e a s e s  in  s o m e  c h a r a c t e r s  in  W with  i n -  

c r e a s i n g  e x p o s u r e .  

I n f o r m a t i o n  on the  ef fec t  of u l t r a v i o l e t  i r r a d i a t i o n  

on q u a n t i t a t i v e  c h a r a c t e r s  i s  e x t r e m e l y  l i m i t e d .  Many 

m u t a g e n i c  a g e n t s ,  e s p e c i a l l y  i on i z ing  i r r a d i a t i o n s ,  

p r o d u c e  d e l e t i o n s  o r  m i n u t e  d e f i c i e n c i e s  at  s p e c i f i c  

loc i  which  a p p e a r  a s  m u t a t i o n s  f r o m  the  d o m i n a n t  o r  

a c t i v e  f o r m  to t he  r e c e s s i v e  o r  i n a c t i v e  f o r m  ( S t a d -  

l e r  1941,  S t a d l e r  and R o m a n  1948) .  In c o n t r a s t ,  n o n -  

i on i z ing  u l t r a v i o l e t  i r r a d i a t i o n  i s  known to p r o d u c e  

c h a n g e s  which  a r e  wi th in  t h e  l i m i t s  of o u r  de f in i t i on  

of an a l l e l e  at  a s p e c i f i c  locus  and could  be  t e r m e d  

point mutations (Nuffer 1957, Stadler 1941). Also, 

the photoreactivation phenomenon indicates that ul- 

traviolet-induced changes can be reversed and thus 

are not deletions (Fujui 1969, Ikenaga and Mabuchi 

1966). Thus, ultraviolet may induce changes from 

the dominant or active allelic form to the recessive 

or inactive allelic form or vice versa. 

Heterosis or hybrid vigor is associated with the 

expression of many quantitative characters in maize. 

Two theories, dominance and overdominance, have 

b e e n  a d v a n c e d  to exp la in  t h i s  p h e n o m e n o n .  At t h i s  

t i m e ,  t h e  g e n e r a l  c o n s e n s u s  i s  t ha t  bo th  d o m i n a n c e  

and o v e r d o m i n a n c e  c o n t r i b u t e  v a r y i n g  a m o u n t s  to h y -  

b r i d  v i g o r  u n d e r  s p e c i f i c  c i r c u m s t a n c e s  ( C r o w  1952, 

Sp rag u e  1955) .  M o s t ,  if not  a l l ,  of t h e  c h a r a c t e r s  

m e a s u r e d  in t h i s  s tudy  exh ib i t  h e t e r o s i s .  Thus ,  wi th  

o u r  p r e s e n t  u n d e r s t a n d i n g  of t h i s  p h e n o m e n o n ,  the  i n -  

c r e a s e  found in W with i n c r e a s i n g  e x p o s u r e  may  be  

r e l a t e d  e i t h e r  to the  i n c r e a s e  in d o m i n a n t  a l l e l e s  at  

h o m o z y g o u s  r e c e s s i v e  loci  o r  t h e  p r o d u c t i o n  of h e t e r -  

ozygos i t y  at h o m o z y g o u s  l o c i .  The d e c r e a s e  found in 

K is  d i f f icul t  to exp la in  u n l e s s ,  in  t h i s  h y b r i d ,  the  

v i g o r  was  a s s o c i a t e d  with a d i f f e r e n t  b a l a n c e  of do-  

m i n a n t  and o v e r d o m i n a n t  l oc i .  T h e r e f o r e ,  t h e  po l l en  

s o u r c e  e f fec t  found in t h i s  s tudy  may  b e  r e l a t e d  to 

m u t a t i o n  i n t e r a c t i n g  wi th  t h e  b a l a n c e  of d o m i n a n t  and 

o v e r d o m i n a n t  loci  tha t  a r e  a s s o c i a t e d  wi th  v i g o r  i n t h e  

s p e c i f i c  h y b r i d  t e s t e d .  

I n c r e a s e d  v a r i a b i l i t y  wi th in  t h e  p o p u l a t i o ns  would 

be  e x p e c t e d  as  a r e s u l t  of t h e s e  m u t a t i o n s .  In t h i s  

s t u d y ,  no i n c r e a s e  in  v a r i a b i l i t y  a s s o c i a t e d  wi th  e i t h e r  

e x p o s u r e  o r  t h e  e x p o s u r e  x popu la t ion  i n t e r a c t i o n  was  

found fo r  any c h a r a c t e r  excep t  k e r n e l  n u m b e r .  Most  

q u a n t i t a t i v e  c h a r a c t e r s  a r e  co n d i t i o n ed  by  a l a r g e  n u m -  

b e r  of loci  and ,  in  s o m e  of  t h e s e  c o m p l e x  c h a r a c t e r s ,  

p r o b a b l y  a l l  t h e  gene  loc i  m a k e  v a r y i n g  c o n t r i b u t i o n s  

to the  e x p r e s s i o n  of the  c h a r a c t e r .  T h e r e f o r e ,  t he  b e n -  

e f i c i a l  and  d e l e t e r i o u s  m u t a t i o n s  i nduced  by i r r a d i a t i o n  

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

of loci  in t h e  m a l e  g e n o m e  so tha t  no c h a n g e  in v a r i a -  

b i l i t y  was  d e t e c t e d .  

The p r a c t i c a l  s i g n i f i c a n c e  of t h e s e  r e s u l t s  a r e  

r e a d i l y  a p p a r e n t .  P o l l e n  i r r a d i a t i o n  wi th  u l t r a v i o l e t  

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

s o m e  v a l u a b l e  q u a n t i t a t i v e  c h a r a c t e r s  depend ing  in 

t h e  h y b r i d .  P o s s i b l y ,  wi th  f u r t h e r  r e s e a r c h  and a 

g r e a t e r  u n d e r s t a n d i n g  in t h i s  a r e a ,  the  b e n e f i c i a l  e f -  
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fec t s  could be m o r e  a c c u r a t e l y  p r e d i c t e d  and ex -  

p lo i t ed .  
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