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S u m m a r y .  The c o m p e t i t i v e  abi l i ty  of pol len  f r o m  inbred plants  in mixed  pol l ina t ions  in th is  study i s  not m e r e l y  
main ta ined  but enhanced through s u c c e s s i v e  gene ra t i ons  of se l f ing .  The data  p r e s e n t e d  sugges t  two conc lus ions :  
1) the poss ib le  e x i s t e n c e  o f p o l l e n - s t y l a r  i n t e r ac t i ons  dur ing s u c c e s s i v e  s e l f i ngs ,  which s e l e c t  for  c e r t a i n  pol len 
geno types ,  those bes t  su i ted  fo r  rap id  growth through " s e l f '  styles~ and 2) the p r e s e n c e  of sporophyt ic  v igor  in 
the h e t e r o t i c  F~ sporophy te ,  o r  i t s  absence  in the " d e p r e s s e d "  Fv sporophy te ,  i s  not n e c e s s a r i l y  d e m o n s t r a t e d  
in the gametophy t i c  gene ra t ion ,  pe rhaps  because  it can be o v e r w h e l m e d  by o ther  f a c t o r s ,  e . g .  gametophyt ic  r e -  
sponse  to s e l ec t i on .  

Key w o r d s :  P o l l e n  - Inbreed ing  - Maize  - Vigor  

In t roduct ion  

Although the ef fec t  of inbreed ing  on the v igo r  of the 

sporophy t i c  gene ra t i on  is  wel l -known,  few s tud ies  

supply c o r r e s p o n d i n g  in fo rma t ion  on the male  g a m e -  

tophytic gene ra t ion .  The gametophyt ic  gene ra t ion  

plays a s igni f icant  r o l e  in the l i fe  cyc le  both in gene 

d i s p e r s a l  and in adapt ive  p r o c e s s e s  (Mulcahy 1974).  

How does  inbreed ing  af fec t  the abi l i ty  of the g a m e t o -  

phytic gene ra t i on  to fulf i l l  th is  r o l e ?  In this  s tudy,  

gametophyt ic  v igo r  and c o m p e t i t i v e  abi l i ty  a r e  ob-  

s e r v e d  in a n o r m a l l y  ou tbreed ing  s p e c i e s ,  Zea maysj 

which had been se l fed  for  s e v e r a l  g e n e r a t i o n s .  

Impe tus  for  this  study c a m e  in par t  f rom the ob-  

s e r v a t i o n  that ,  in the c r o s s  Wf9 x OH40B, pol len  s i ze  

dec l ined  s ign i f ican t ly  dur ing seven  g e n e r a t i o n s  of in -  

b reed ing  ( Johnson  et  a l .  1976).  Gal inat  (1961) has  

sugges ted  a r e l a t i o n s h i p  be tween  pol len g ra in  s i ze  

and the abi l i ty  to main ta in  tube growth through long 

s t y l e s .  This and the probable  inf luence  of the pol len 

s o u r c e  upon pol len  quali ty ( P f a h l e r  1965, 1967) sug-  

ges t  that the o b s e r v e d  reduc t ion  in pol len s i z e  could 

modify the c o m p e t i t i v e  abi l i ty  of the gametophyte  in 

inbred  l i ne s .  If e a r l i e r  i nves t iga t ions  of pol len tube 

compe t i t i on  a r e  c o m p a r e d  ( s e e  Jones  1928~ P f a h l e r  

1967),  an i n t e r e s t i n g  and perhaps  i n f o r m a t i v e  d i f f e r -  

ence is  r e v e a l e d .  F o r  e x a m p l e ,  J o n e s ,  studying m i x -  

ed pol l ina t ions  in inbred  l i n e s ,  found that  " s e l f '  po l -  

len ou tcompeted  " o t h e r "  pol len  in 20 out of 23 m i x e s .  

Howeve r ,  P f ah l e r  (1967) ,  using F 1 hybr ids ,  found 

no cons i s t en t  pa t t e rn  in the ou tcome  of compe t i t i on  

between " s e l f "  and " o the r "  pol len .  In a th i rd  study 

us ing mixed po l l ina t ions ,  Murakami  et  a l .  (1972) 

found that F 1 hybr id  pol len in mos t  c a s e s  had the 

advantage  in f e r t i l i z a t i o n  o v e r  the pol len f r o m  the in-  

b red  p a r e n t s .  Murakami  sugges ted  the poss ib i l i t y  of 

the ex i s t ence  of a kind of " h e t e r o s i s "  in the F 1 pol -  

len,  caused  e i t h e r  by n o n - a l l e l i c  i n t e r a c t i o n s ,  or  as  

an ef fec t  f r o m  the v igo rous  F 1 sporophyte .  

D i f f e ren t i a l  f e r t i l i z a t i o n  can be inf luenced by: 

1) d i f fe ren t i a l  g e r m i n a t i o n  r a t e ,  as  s e e m s  to be the 

c a s e  in gametophy tes  c a r r y i n g  the waxy and non-waxy 

genes  (Spragne  1933); and 2) d i f f e ren t i a l  pol len tube 

growth r a t e s  within the s t y l a r  t i s s u e s .  In this  s tudy,  

we inves t iga t e  the r e l a t i v e  compe t i t i ve  ab i l i t i e s  of 

pol len f r o m  both hybr id  and inbred  p lants ,  c o n s i d e r i n g  

the r e l a t i v e  inf luence of pol len g e r m i n a t i o n  r a t e s  and 

pol len tube growth r a t e s .  

M a t e r i a l s  and Methods 

The gene ra l  des ign  of the study was to c o m p a r e  the 
r e l a t i v e  compe t i t i ve  ab i l i t i e s  of  the " s e l f "  pol len 
f r o m  each  of s e v e r a l  inbred  g e n e r a t i o n s  aga ins t  a 
s tandard  " o t h e r "  pol len c o m p e t i t o r .  Genet ic  s tocks  
were  obtained f r o m  D r .  W.G.  Gal ina t ,  Suburban E x -  
p e r i m e n t  Stat ion,  Wal tham,  M a s s a c h u s e t t s .  The p i s -  
t i l l a te  pa ren t  (and s o u r c e  of " s e l f '  pol len)  was in 
each c a s e  a m e m b e r  of an inbred  s e r i e s ,  ex tending  
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F i g .  1. A v e r a g e  plant height  in m e t e r s  of the F~ hy-  
br id  Wf9 • OH40B, and the s u c c e s s i v e l y  se l fed  gen-  
e r a t i o n s ,  F2 to F9, e x p r e s s i n g  c l a s s i c a l  inbreed ing  
d e p r e s s i o n  in the s igni f icant  r educ t ion  in height  
( r  = - 0 . 9 1 3 " * ,  df = 6, P < 0 . 0 1 )  

f r o m  the F~ (Wf9 x OH40B) to the Fg. The con t ro l  
l ine used  as the s o u r c e  of "o the r "  pol len was a ye l low 
dent inbred  (Wiscons in ,  W23).  This l ine  was homo-  
zygous for  the R ~ ( ' N a v a j o ' ) a l l e l e ,  which, in the 
homozygous  condi t ion,  r e s u l t s  in a purple  co lo r  in 
the c rown of the a l e u r o n e .  In the h e t e r o z y g o t e ,  the 
R ~ e x p r e s s i o n  is  l im i t ed  to purple  co lo r  in the t ip 
of the e m b r y o ,  or  s o m e t i m e s  in the s c u t e l l u m .  The 
Wf9 X OH40B line did not p o s s e s s  the R nj a l l e l e ,  
making the p r e s e n c e  of the purp le  spot a pos i t ive  
m a r k e r  of c r o s s  (o r  " o t h e r " )  f e r t i l i z a t i o n .  

The c r o s s  Wf9 x OH40B produces  a h e t e r o t i c  F~, 
which exceeds  i ts  inbred  pa ren t s  in height  and e a r -  
l i ness  of an thes i s .  This h e t e r o t i c  e f fec t  is  g radua l ly  
los t  with s u c c e s s i v e  gene ra t ions  of se l l ing ;  in he ight ,  
the F7 and F9 show inbreed ing  d e p r e s s i o n ,  being s i g -  
n i f icant ly  s h o r t e r  at ma tu r i ty  than the F~ ( s e e  F i g .  1) .  

All  plants  were  f ie ld  grown in the s u m m e r  of 1973 
at the Un ive r s i t y  of M a s s a c h u s e t t s ,  A m h e r s t ,  M a s s a -  
chuse t t s .  Po l l en  was co l l ec t ed  by s tandard  f ie ld  t e ch -  
n iques ;  ac t ive ly  shedding t a s s e l s  were  c leaned  of open 
and empty an the r s  in the late  a f te rnoon ,  then bagged 
with Lawson co rn  pol len co l l ec t ing  bags .  P o l l e n  was 
co l l ec t ed  the fol lowing morn ing  and brought  to the l a -  
b o r a t o r y ,  where  it was s c r e e n e d  to r e m o v e  d e b r i s .  

Po l l en  f r o m  the con t ro l  "o the r "  l ine was co l l ec t ed  
each  day f r o m  s e v e r a l  ac t ive ly  shedding t a s s e l s  and 
mixed thoroughly .  One m i l l i l i t e r  of this mix was then 
combined  with an equal  vo lume of pol len f r o m  the ap-  
p r o p r i a t e  plant of  the se l fed  l ine ,  Wf9 • OH40B. All  
s i ev ing ,  mixing,  and m e a s u r i n g  of pol len was done 
within two hours  of co l l ec t ion .  The mixed  pol len s a m -  
ples  were  then r e t u r n e d  to the f ie ld  where  the app ro -  
p r i a t e  pol l ina t ions  were  made as fo l lows:  

d 

F~. x (F~. + R '~ ) 
F~ x (F~ + R "j ) 

: 

Fv • (Fv + R ='1 ) 

It should be emphas i zed  that ,  while the R "~ pol len  
f r o m  s e v e r a l  plants  was pooled,  the " s e l f '  c o m p o -  
nent of each  pol len mix tu r e  was not a pooled s a m p l e .  
It was a t rue  se l f  pol l inat ion,  not a " s i b " .  

In addi t ion,  another  s ample  of each  pol len mix 
was a lso  used to pol l ina te  a th i rd  l ine ,  unre la ted  to 
e i t h e r  pol len s o u r c e .  This pol l inat ion was intended 
as a c o n t r o l ,  to eva lua te  the r e l a t i v e  compe t i t i ve  
abi l i ty  of hybr id  and inbred  pol len aga ins t  a common  
c o m p e t i t o r  when growing  on " n o n - s e l f '  s t y l e s .  How- 
e v e r ,  e x t r e m e l y  poor  seed  se t  of both pol len s o u r c e s  
on the chosen  th i rd  l ine was obtained,  and the r e s u l t s  
of these  pol l ina t ions  were  not r e p o r t e d .  

Ad jus tmen t  of the o b s e r v e d  number  of f e r t i l i z a -  
t ions per  vo lume  of pol len was n e c e s s a r y  s ince  s i g n i -  
f icant  d i f f e r e n c e s  be tween mean pol len d i a m e t e r s  of 
F~ and F7 plants  had been r e p o r t e d  ( Johnson  et a l .  
1976). Acco rd ing ly ,  the p r o c e d u r e  used by P f ah l e r  
(1965) was adapted to this  e x p e r i m e n t ;  s a m p l e s  of 
pol len f r o m  the t e s t  plant  ( " s e l f " )  and f r o m  the Na-  
vajo  (R "~ - " o t h e r " )  mix were  saved  and m e a s u r e d  
to e s t a b l i s h  the mean  pol len d i a m e t e r  for  each .  The 
pol len was expanded overn igh t  in a med ium of lac t ic  
a c i d / a n i l i n e  blue,  and m e a s u r e m e n t s  were  made 
us ing an ocu la r  m i c r o m e t e r  with an A . O .  Spencer  
m i c r o s c o p e  at 430X. Thir ty  pol len g ra in s  were  m e a s -  
u red  for  each  sample ;  these  data  were  a v e r a g e d  to 
e s t ab l i sh  the mean  for  each  gene ra t ion  and for  the 
Navajo  (R "j ) mix .  The pe r cen t age  of " s e l f "  pol len 
in each  mix was then ca lcu la t ed  using the f o r mu la  
f r o m  P f a h l e r  (1965) : 

"self' pollen _ N a 
X 100 

in each  mix - (S ~ + N  =) 

where  S = the mean  d i a m e t e r  of the pol len of the 
p a r t i c u l a r  gene ra t i on  under  cons ide ra t i on  

N = the mean  d i a m e t e r  of the Navajo  (R =~ ) 
pol len m i x t u r e .  

F o r  any o b s e r v e d  number  of total  f e r t i l i z a t i o n s ,  the 
expec ted  dev ia t ion  in r e p r e s e n t a t i o n  of the two pol -  
len types  could then be ca l cu l a t ed .  

In addi t ion,  another  poss ib le  s o u r c e  of e r r o r  in 
e s t im a t i ng  r e l a t i v e  f e r t i l i z a t i o n  abi l i ty  a r o s e  f r o m  
v a r i a t i o n s  in the p e r c e n t a g e s  of n o n - f e r t i l e  g r a in s  
in the d i f fe ren t  pol len s a m p l e s .  M i c r o c l i m a t i c  d i f -  
f e r e n c e s  have been o b s e r v e d  to cont r ibu te  to r educed  
f e r t i l i t y  of pol len in f ie ld  grown plants  of Aster (Jones 
1976).  Such day to day v a r i a t i o n s  in pol len f e r t i l i t y  
could be r e f l e c t e d  in modif ied  compe t i t i ve  abi l i ty  in 
mixed po l l ina t ions ,  obscur ing  s igni f icant  t r ends .  
T h e r e f o r e ,  the pol len s a m p l e s  used in d i a m e t e r  ad-  
j u s t m e n t s  were  a lso  s c o r e d  for  the p e r c e n t a g e s  of 
n o n - f e r t i l e  g r a i n s ,  us ing the s ta inabi l i ty  of the p r o -  
toplas t  with ani l ine  blue as  an indicat ion of f e r t i l i t y .  
P r e s e n c e  of the p ro top las t ,  whether  v iab le  o r  not,  
is  indica ted  by the s ta in;  abor ted  pol len  g ra in s  l a ck -  
ing a p ro top las t  r e m a i n  unsta ined ( Jones  1976). 

R e s u l t s  and D i scus s ion  

The average heights (in meters) for the inbred par- 

ents and each succeeding generation in the cross 

Wf9 • OH40B are shown in Fig. I. The F I exceeds 

its inbred parents in mean plant height, while the 

F7 and F 9 generations express classical inbreeding 

depression in the significant reduction in height 

( r  = - 0 . 9 1 3 - * ,  d f =  6, P < 0 . 0 1 ) .  
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Table 1. Mean pol len d i a m e t e r s  of the Navajo  (R nj ) 
l ine ,  the pa ren ta l  inbred  OH40B, and the s u c c e s -  
s ive ly  se l fed  gene ra t ions  used  in the mixed  po l l ina -  
t ions 

Po l l en  Source 5((~) and Standard Dev ia t ion  

F~ 103.09 (4 .20)  
F2* 102.55"  . . . .  
Fv 100.45 (2 .76)  
OH40B (P~) 107.73 (3.11) 
Navajo (R nj ) 96.25 (2.91) 

* F2 pol len  s a m p l e s  were  d e s t r o y e d  by fungus.  T h e r e -  
f o r e ,  the mean  pol len  d i a m e t e r  shown h e r e  was c a l -  
cu la ted  for  the F2 on the bas i s  of the d i f f e r ence  in 
mean d i a m e t e r  be tween the F~ and the F7. The ob-  
s e r v e d  s igni f icant  l i n e a r  d e c r e a s e  in mean  pol len  
d i a m e t e r  dur ing inbreed ing  ( Johnson  et a l .  1976) 
sugges ted  this  ca l cu la t ion  

Table 2. A v e r a g e  p e r c e n t a g e  of n o n - f e r t i l i t y  of pol len 
s a m p l e s  f r o m  plants  used  in the mixed  po l l ina t ions .  

P o l l e n  Source  X g N o n - F e r t i l i t y  

F~ 8.00 
F2* 7 .26* 
Fv 3.56 
OH40B ( P~ ) 5.21 
Navajo (R n~ ) 2 .02 

* As p r e v i o u s l y  s ta ted ,  F2 pol len  s a m p l e s  were  d e s -  
t royed  by fungus;  th is  f igure  i s  an e s t i m a t e  of  non-  
f e r t i l i t y ,  based  on the o b s e r v e d  d i f f e r ence  be tween  
the F~ and F7. Howeve r ,  the l i n e a r i t y  of this  r e l a -  
t ionship  has  not been d e t e r m i n e d  

Table 1 shows the mean  pol len d i a m e t e r s  of the 

Navajo  (R nj) l ine ,  the pa ren ta l  inbred  OH40B (P1)  , 

and the s u c c e s s i v e l y  se l fed  g e n e r a t i o n s  s c o r e d  for  

the i r  c o m p e t i t i v e  abi l i ty  in the mixed  po l l ina t ions .  

Mixed pol l ina t ions  were  made on al l  g e n e r a t i o n s ,  

but the data p r e s e n t e d  a r e  based  on 14 w e l l - f i l l e d  

e a r s ,  s ix  f r o m  the F1 ,  four  f r o m  the F 2, and two 

each  f r o m  the F 7 and OH40B (P1) , a total of 3 ,218 

f e r t i l i z a t i o n s .  

The a v e r a g e  pe r cen t age  of n o n - f e r t i l i t y  for  each  

gene ra t i on  and for  the Navajo (R nJ) mix is  shown 

in Table 2. In the F1 ,  a much h igher  p e r c e n t a g e  of 

n o n - f e r t i l i t y  was o b s e r v e d  than in the F7 ,  making 

the c o m p e n s a t o r y  ca l cu la t ions  for  d i f f e r e n c e s  be t -  

ween gene ra t i ons  abso lu te ly  n e c e s s a r y  in th is  c a s e .  

Since equal  v o l u m e s  of " s e l f "  and " o t h e r "  pol len 

were  mixed ,  an app rox ima te  e s t i m a t e  of the r e l a t i v e  

r e p r e s e n t a t i o n  in f e r t i l i z a t i o n s  should be 50 g " s e l f "  

and 50 ~ " o t h e r " ,  a s suming  equal  compe t i t i ve  abi l i ty .  

Howeve r ,  d i f f e r e n c e s  be tween pollen s o u r c e s  in the 

a v e r a g e  d i a m e t e r  of s ing le  pol len g r a i n s  (Table I) 

and a l so  in d e g r e e s  of pol len abor t ion ,  as  indica ted  

by ani l ine  blue s ta in ing  (Table 2 ) ,  n e c e s s i t a t e  c o r -  

r e c t i o n s  in the 50:50 e s t i m a t e .  Table 3 p r e s e n t s  the 

s teps  in c o r r e c t i n g  for  d i f f e r e n c e s  in vo lume and p e r -  

cen tage  nonfe r t i l i ty  be tween the v a r i o u s  pol len s o u r c e s  

( co lumns  I ,  2 ) .  Also  shown is  the final c o r r e c t e d  

va lue  for  the p e r c e n t a g e  of f e r t i l e  " s e l f "  pol len  in 

each  pol len mix tu re  (co lumn 3 ) .  These c o r r e c t e d  v a l -  

ues ,  which d i f fe r  between m i x t u r e s ,  indica te  the f r e -  

quency of s e l f  f e r t i l i z a t i o n  which is  expec ted ,  p r o -  

vided that the components  of the pol len m i x t u r e s  pos -  

s e s s  equal  compe t i t i ve  ab i l i ty .  

K e r n e l s  on we l l - f i l l ed  e a r s  obtained f r o m  the 

mixed  pol l ina t ions  were  s c o r e d  for  co lo r  to d e t e r -  

mine  the number  of f e r t i l i z a t i o n s  a t t r ibu ted  to each  

pol len type.  The devia t ion  f rom the expec ted  f r e -  

quency of se l f  f e r t i l i z a t i on  was then ca l cu l a t ed  for  

the ap ica l ,  middle  and basal  po r t ions  of each e a r .  

rhe a v e r a g e  devia t ion  f r o m  the expec ted  f r equency  

Table 3. C o r r e c t i o n s  for  d i f f e r e n c e s  

R e s u l t s  of c o r r e c t i o n s  for  v o l -  
ume d i f f e r e n c e s ;  Expec ted  7~ 
" s e l f "  and " o t h e r "  in each  equal  
vo lume  mix 

Genera t ion  Self  Other  (R n~ ) 

F~ 44.9 55.1 
F2 45.2  54.8  
Fv 46.8 53.2 
OH40B (P~) 41.6  58.4 

in vo lume  and p r e s u m e d  v iab i l i ty  be tween d i f fe ren t  pol len  s o u r c e s  

R e s u l t s  of c o r r e c t i o n s  for  both 
vo lume  and p r e s u m e d  v iab i l i ty ;  
Expec t ed  ~ " s e l f "  and " o t h e r "  
in each  equal  vo lume  mix 

C o r r e c t e d  va lue  for  ~ " s e l f "  
pol len in each  mix 

Genera t ion  Self  Other  Total Genera t ion  Self  

F~. 41.3 54.0 95.3 F~. 
F2 41.9 53.7 95.6 F2 
F7 45.1 52.1 97.2 F7 
OH40B (P~) 39.4 57.2 96.6 OH40B (P~) 

4 1 . 3 / 9 5 . 3  = 43.3 
4 1 . 9 / 9 5 . 6  = 43 .8  
4 5 . 1 / 9 7 . 2  = 46.4  
3 9 . 4 / 9 6 . 6  = 40 .8  
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F i g .  2. A v e r a g e  devia t ion  f rom expec ted  f r equency  
of se l f  f e r t i l i z a t i o n s  in apica l  ( A ) ,  middle  (M) and 
basa l  (B) por t ions  of the e a r s  of the F~, F2, F7, and 
OH40B. P lo t t ing  the number  of gene ra t i ons  of se l f ing  
agains t  the o b s e r v e d  devia t ion  f r o m  expec ted  f e r t i l i -  
za t ions  r e v e a l e d  a s igni f icant  log c u r v e  ( r  = 0 .78** ,  
df = 7, P < 0 . 0 1 ) .  (The exac t  number  of r epea t ed  
se l f ings  for  the inbred paren ta l  l ine ,  OH40B, was 
not known. The r e g r e s s i o n  was ca lcu la ted  us ing v a r -  
ious e s t i m a t e s ,  f r o m  10 to 40 gene ra t ions  of se l l ing  
for  the OH40B. Under  al l  c i r c u m s t a n c e s ,  a highly 
s igni f icant  r e l a t i onsh ip  was obtained.  F o r  e x a m p l e ,  
using the e s t i m a t e  of 10 s u c c e s s i v e  s e l f i ngs ,  r = 
0 .79** ,  us ing 15, r = 0 .79** ,  using 40, r = 0.75**.)  

of se l f  f e r t i l i z a t i o n  for  each  gene ra t ion  is  shown in 

Fig. 2. 

Since our initial question was whether or not 

the observed reduction in pollen size during inbreed- 

ing could be associated with modified competitive 

ability, the relationship between pollen size (Table I) 

and the observed deviation from the expected fre- 

quency of fertilizations (Fig.2) was then analyzed 

by regression (r = -0.31, df= I0, N.S. ) .  Fromthis 

we conclude that if pollen diameter does influence the 

competitive ability of pollen tubes, the influence can- 

not be of overwhelming importance. Additional fac- 

tors must be operating. 

In all of the mixed pollinations, the Navajo (R nj) 

appeared to be an extremely strong competitor; there- 

fore, it is the trend in the outcomes of the mixed pol- 

linations that is important in our considerations, and 

not the absolute values. When the relationship bet- 

ween the number of exposures to self pollen through 

repeated selling and the observed deviation from ex- 

pected fertilizations was fitted to a log curve, a highly 

Table 4. S u m m a r y :  C h i - s q u a r e  va lues  for  the a v e r -  
age dev ia t ions  f rom the expec ted  f r equency  of s e l f -  
f e r t i l i z a t i o n  in the ap ica l ,  midd le ,  and basal  por t ions  
of e a r s  of each  gene ra t i on  

Genera t ion  P o r t i o n o f E a r  X2(Exp . l :  I) P robab i l i t y  

F~. Apical  29.97 P < 0.001 
Middle 54.40 0.001 
Basal 21.05 0.001 

F2 Apical  15.41 P < 0.001 
Middle 7.85 0 .01 
Basa l  20.38 0.001 

Fv Apical  12.05 P < 0.001 
Middle 6.95 0 .01 
Basa l  6.26 0 .05  

OH40B Apical  0 .89 P < 0 .5  ns 
Middle 0. 656 0 .5  ns 
Basa l  0. 244 0 .7  ns 

s igni f icant  pos i t ive  r e g r e s s i o n  was obtained ( r  = 0 . 7 8 " * ,  

df = 10, P < 0 . 0 1 ) .  In spi te  of the r educed  pol len s i ze  

and the reduc t ion  in s i ze  and v igor  of the sporophyte  

in this  l ine ( s e e  F i g .  1 and Table 1) the compe t i t i ve  

abi l i ty  of the pol len in the r epea t ed ly  se l fed  g e n e r a -  

t ions is  not only main ta ined ,  but apparen t ly  is  s i gn i -  

v ican t ly  enhanced in se l f  po l l ina t ions .  

As  ment ioned in the In t roduct ion ,  an i n c r e a s i n g  

d e g r e e  of s e l f - f e r t i l i z a t i o n  could be due to two d i f -  

f e ren t  f a c t o r s :  m o r e  rap id  g e r m i n a t i o n  of " s e l f "  pol-  

len; or  m o r e  rap id  pol len tube growth r a t e  of the 

" s e l f "  game tophy tes .  These two e f fec t s  may be s e p a r -  

ated by the fol lowing method:  in pol len mix tues  ap-  

pl ied to s i lks  in the f ie ld ,  not al l  pol len tubes s t a r t  

at  the s a m e  l e v e l .  If ,  in a mixed  pol l ina t ion ,  d i f f e r -  

ent pol len tubes pene t r a t e  the s t y l a r  t i s sue s  at d i f -  

f e r en t  r e l a t i v e  r a t e s ,  the probabi l i ty  of f e r t i l i z a t i ons  

by f a s t e r  pol len tubes will be p ropor t iona l  to s ty le  

length ( C o r r e n s  1928; Mulcahy 1971). Random ef -  

fec t s  will be m o r e  s igni f icant  when s ty le s  a r e  shor t .  

On long s t y l e s ,  r e l a t i v e  growth r a t e s  will outweigh 

these  random e f fec t s .  Since basa l  k e r n e l s  have longer  

s ty le s  than apica l  k e r n e l s ,  any bas ipe ta l  i n c r e a s e  in 

f e r t i l i z a t i on  f requency  by one pol len type will be in-  

d ica t ive  of a g r e a t e r  r e l a t i v e  growth r a t e  ( s e e  Mul-  

cahy 1971). Thus it  is  p a r t i c u l a r l y  s igni f icant  that  

in the F 7 and in the OH40B, the two mos t  r epea t ed ly  

se l fed  g e n e r a t i o n s ,  the g r e a t e s t  compe t i t i ve  abi l i ty  

of " s e l f "  pollen ( i . e .  the s m a l l e s t  devia t ion  f r o m  the 

expected)  is  e x p r e s s e d  in the middle  and basa l  p o r -  

t ions of the e a r s  ( F i g .  2 and Table 4 ) .  This sugges t s  
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that the obse rved  i n c r e a s e  in se l f  pollen compet i t ive  

abi l i ty  is  apparen t ly  due to i n c r e a s e d  r e l a t ive  pol len 

tube growth r a t e  of " s e l f '  pol len ,  r a t h e r  than to f a s t e r  

pol len g e r m i n a t i o n .  Moreover ,  the data in F ig .  2 and 

Table 4 appear  to expla in  the apparen t  confl ic t  be t -  

ween Jones  (1928) and Pfah le r  (1967) ; a f ter  s eve ra l  

gene ra t ions  of se l l ing  and p o l l e n - s t y l a r  i n t e r a c t i o n s ,  

a p a r t i c u l a r  genotype of "sel f"  pol len has been in t en -  

s ive ly  se lec ted  for growth in  that p a r t i c u l a r  s t y l a r  

e n v i r o n m e n t .  Selected "self"  pol len then would be 

favored in compet i t ion  with unse lec ted  "other"  pollen 

(and thus expla in  J o n e s '  (1928) r e s u l t s  with inbred  

l i n e s ) .  But ,  c o n v e r s e l y ,  in F 1 's unexposed to se l f -  

s t y l a r  se lec t ion ,  the pa t t e rn  of "se l f ' '  f e r t i l i za t ion  

v e r s u s  "other"  would not be p red ic tab le  (and thus 

give r i s e  to P f a h l e r ' s  r e s u l t s ) .  

An impor t an t  c o r o l l a r y  of this i n t e rp re t a t i on  is  

that the compet i t ive  abi l i ty  of pollen is  d e t e r m i n e d ,  

at l eas t  in pa r t ,  by the gametophyt ic  genotype.  If 

pol len quali ty were d e t e r m i n e d  sole ly  by the spo ro -  

phytic genotype,  se lec t ion  among pollen types f rom 

one plant  would be i m p o s s i b l e .  Murakami  et a l .  's 

sugges t ion  (1972) that sporophytic  h e t e r o s i s  might 

be also re f lec ted  by the gametophyte i s ,  of c ou r se ,  

not excluded by th is  i n t e r p r e t a t i o n .  Rather  we would 

suggest  that both sporophyt ic  and gametophyt ic  geno-  

types  may inf luence  pollen qual i ty .  However ,  fu r the r  

s tud ies  a re  needed to quantify the r e l a t ive  c on t r i bu -  

t ions  of gametophyt ic  and sporophyt ic  genotypes .  
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