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Summary. Pollinations were made on either the tip or the basal portions of the stigmatic surface in P~.anthus 
chinens~.s. These two treatments provided, respectively, either good or modest opportunity for pollen tube compe- 
tition. The pollen used came from a single clone. Technical and statistical methods were used to reduce greatly 
the influence of variation in seed weight. Seeds resulting from the two contrasting treatments were planted, and 
it was found that there were statistically significant differences in germination time and seedling weight between 
treatments. These results suggest that the quality of the F ~ generation can be significantly modified by competi- 
tion between pollen tubes from a single plant. 

The gametophyt ic  phase  of  deve lopment  is  r e l a t i v e l y  i n -  

consp icuous  i n the  a n g i o s p e r m s .  None the l e s s ,  because  

the number  of pol len  g r a i n s  p roduced  so g r e a t l y  exceeds  

the n u m b e r  of ovu les  ava i l ab le  fo r  f e r t i l i z a t i o n ,  the ga-  

metophyt ic  phase  may exhibi t  s o m e  of the mos t  in tense  

compet i t ion  found in the l i fe  c y c l e .  

To what extent  does  this  compe t i t i on  modify gene f r e -  

quenc ies?  That i s ,  what i s  i t s  b io logica l  s ign i f i cance?  In 

answer ing  this  ques t ion ,  it i s  e s s e n t i a l  to c o n s i d e r  that  

t h e r e  a r e  t h r e e  modes  by which gametophy t i c  qual i ty  

may be d e t e r m i n e d :  gametophyt ic  qual i ty  may be d e t e r -  

mined  by loci  which a r e  t r a n s c r i b e d  only in the haploid 

phase  of the l i fe  c y c l e ;  by loc i  t r a n s c r i b e d  only in the 

diploid phase  of the l i fe  c y c l e ;  o r  by loci  t r a n s c r i b e d  

in both the haploid and the diploid phases  of the l i fe  

c y c l e .  F o r  b r e v i t y ,  t hese  t h r e e  modes  may  be r e f e r r e d  

to as  haploid t r a n s c r i p t i o n ,  diploid t r a n s c r i p t i o n ,  and 

haplodiploid  t r a n s c r i p t i o n ,  r e s p e c t i v e l y .  These  t h r e e  

m o d e s ,  t h e i r  o c c u r r e n c e ,  and t he i r  inf luence  upon the 

b io log ica l  s ign i f i cance  of gametophyt ic  compe t i t i on ,  

a r e  d i s c u s s e d  b r i e f l y  be low.  

E x a m p l e s  of pure ly  haploid t r a n s c r i p t i o n  a r e ,  by 

t h e i r  na tu re ,  t echn ica l ly  diff icul t  to de tec t ,  thus t h e i r  

apparen t  r a r i t y  must  be c o n s i d e r e d  with cau t ion .  How- 

e v e r ,  even  if t h e i r  o c c u r r e n c e  is  p r e s e n t l y  u n d e r e s t i m a t -  

ed, Har t l  ( i970)  has pointed out that ,  without a c o r r e -  

la t ion  be tween  p r e -  and pos tzygo t i c  gene t ic  f a c t o r s ,  g a m e -  

tophyt ic  compe t i t ion  will  have ,  at m o s t ,  only t r a n s i e n t ,  

l inkage  m e d i a t e d ,  e f fec t s  uponthe  sporophy te .  Some s p e -  

c ia l  c a s e s ,  such as gametophyt ic  i ncompa t ib i l i t y ,  of 

c o u r s e ,  s tand as notable  excep t ions .  

Diploid t r a n s c r i p t i o n  has  been shown to d e t e r m i n e ,  

at l e a s t  in pa r t ,  the c o m p e t i t i v e  abi l i ty  of the g a m e t o -  

phyte (C rosby  1949 ; Stephens  1956 ; Murakami  et  a l .  

1972).  In t h e s e ,  and in s i m i l a r  c a s e s ,  i t  i s  concep tu -  

a l ly  m o r e  a c c u r a t e  to c o n s i d e r  that gametophyt ic  c o m -  

pe t i t ion  is  only a f a c e t ,  o r  pe rhaps  an ex t ens ion ,  of spo-  

rophyt ic  compe t i t i on .  This i s  not to de t r ac t  f r o m  i ts  b io log-  

ical  s i gn i f i cance  but r a t h e r  to e m p h a s i z e  tha t ,  with di-  

ploid t r a n s c r i p t i o n ,  t h e r e  is  no s igni f icant  compe t i t i on  

be tween gametophy tes  f r o m  a s ing le  plant .  

Haplodiploid t r a n s c r i p t i o n ,  the t h i rd  mode of  d e t e r -  

mining gametophyt ic  qual i ty ,  has ,  of  the t h r e e ,  the g r e a t -  

es t  potent ia l  for  b io log ica l  s i gn i f i c ance .  If gametophy t i c  

qual i ty  i s  d e t e r m i n e d  by haplodiploid t r a n s c r i p t i o n ,  then 

the v e r y  in tense  gametophyt ic  compe t i t i on  could inf luence  

the dominant  pa r t  of  the l i fe  c y c l e ,  the spo rophy te .  

It should be noted that the c h a r a c t e r i s t i c s  of each  of 

t he se  t h r e e  modes  of d e t e r m i n i n g  gametophy t i c  qual i ty  

a r e  such that the de tec t ion  of haplodip lo id  t r a n s c r i p t i o n  

is  r e l a t i v e l y  s i m p l e .  F o r  e x a m p l e ,  with haploid  t r a n s -  

c r i p t i o n ,  a s ide  f r o m  l inkage  e f f e c t s ,  gametophy t i c  c o m -  

pe t i t ion  cannot modify  the qua l i ty  of the spo rophy te .  

With diploid t r a n s c r i p t i o n ,  t h e r e  can be  no c o m p e t i t i v e  

i n t e r a c t i o n s  be tween  game tophy te s  f r o m  a s ing le  spo-  

rophy te .  With both haploid  t r a n s c r i p t i o n  and diploid 

t r a n s c r i p t i o n  ope ra t ing  in the d e t e r m i n a t i o n  of g a m e -  

tophyt ic  qua l i ty ,  t h e r e  wil l  be gene  f r e q u e n c y  changes  

in both phases  of the l i fe  c y c l e ,  but t he se  changes  wil l  

be u n c o r r e l a t e d  with each  o t h e r .  In c a s e s  of hap lod i -  

p lo id  t r a n s c r i p t i o n ,  and only then ,  compe t i t i on  be tween  

game tophy te s  f r o m  a s ing l e  plant wil l  r e su l t  in changes  

in the qual i ty  of the r e su l t an t  spo rophy te .  

The f i r s t  sugges t ion  of  haplodiploid t r a n s c r i p t i o n  i s  

B o n d ' s  (1926) r e p o r t  tha t ,  in P i s ~  sat~Jv~, aging p o l -  

len  r e s u l t e d  in modi f i ca t ions  of mende l i an  r a t i o s .  ( C o r -  

r e n s  1924 hat e a r l i e r  r e p o r t e d  modi f i ca t ions  in the s ex  

r a t i o s  of Si~ene alba, but sex  d e t e r m i n a t i o n ,  s e l f  i n -  
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compatibility, and other specialized systems are not 

dealt with in the present paper. ) The subject was not 

reinvestigated until Ter-Avanesian (1949) found that, in 

Gossypium hirsutum a n d  Vigna sinensi8, p o l l i n a t i o n s  

m a d e  w i t h  l a r g e  a m o u n t s  of  p o l l e n  r e s u l t e d  in  F 1 g e n e r -  

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

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

p o l l e n .  A s i m i l a r  r e p o r t ,  a g a i n  r e f e r r i n g  to v a r y i n g  

q u a n t i t i e s  o f  p o l l e n ,  w a s  m a d e  by  M a t t h e w s  ( S e e  Lewis  

1 9 5 4 ) .  H o w e v e r ,  w h e n  p o l l e n  c o m p e t i t i o n  i s  c o n t r o l l e d  

by  m o d i f y i n g  t h e  q u a n t i t y  o f  p o l l e n  u s e d  in  p o l l i n a t i o n s ,  

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

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

c o m p e t i t i o n  c a n  b e  c o m p a r e d  w i th  m a n y  s m a l l  s e e d s  of  

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

i a n c e  bu t  o n l y  i f  s e e d  w e i g h t s  a r e  k n o w n .  S i n c e  n e i t h e r  

of  t h e  a b o v e  two  i n v e s t i g a t o r s  p r e s e n t e d  d a t a  on  s e e d  

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

p r o b l e m .  

M a t e r i a l s  a n d  M e t h o d s  

The s p e c i e s  u s e d  f o r  s t u d y  w a s  t h e  c o m m o n  c u l t i v a r ,  
D i a n t h u s  e h i n e n s i s  ( C a r y o p h y l l a c e a e  ) . The s p e c i e s  
i s  e a s i l y  c l o n e d  a n d  b e a r s  s t y l e s  n e a r l y  3 c m  l o n g ,  t h e  
e n t i r e  a d a x i a l  s u r f a c e s  o f  w h i c h  a r e  s t i g m a t i c .  T h i s  
l a t t e r  q u a l i t y  a l l o w e d  p o l l e n  c o m p e t i t i o n  to b e  v a r i e d  
w i t h o u t  m o d i f y i n g  t h e  a m o u n t  o f  p o l l e n  u s e d  in  p o l l i -  
n a t i o n s .  C o r r e n s  ( 1 9 2 8 )  o r i g i n a l l y  p o i n t e d  ou t  t h a t  p o l -  
l i n a t i o n  at  t h e  t i p  ( o r  d i s t a l  e n d )  of  s u c h  s t y l e s  m a x i -  
m i z e d  g a m e t o p h y t i c  c o m p e t i t i o n  b e c a u s e  t h e  f a s t e r  g r o w -  
ing  p o l l e n  t u b e s  h a d  g o o d  o p p o r t u n i t y  to  s u r p a s s  t h e  s l o w -  
e r  g r o w i n g  o n e s .  If  p o l l i n a t i o n s  a r e  m a d e  a t  t h e  b a s a l  
p o r t i o n  of  t h e  s t y l e ,  s e p a r a t i o n  b e t w e e n  f a s t e r  a n d  s l o w -  
e r  g r o w i n g  p o l l e n  t u b e s  wi l l  b e  l e s s  a n d  f e r t i l i z a t i o n s  
wi l l  t h u s  r e p r e s e n t  a g r e a t e r  m i x t u r e  of  g a m e t e s  f r o m  
b o t h  f a s t e r  a n d  s l o w e r  g r o w i n g  p o l l e n  t u b e s .  Tha t  i s ,  t h e  
d e g r e e  o f  g a m e t o p h y t i c  s e l e c t i o n  i s  p r o p o r t i o n a l  to  t h e  
d i s t a n c e  t r a v e l e d  by  t h e  p o l l e n  t u b e s .  

In t h e  p r e s e n t  s t u d y ,  two c l o n e s  of  D i a n t h u s  o h i n e n s i s  
w e r e  e m p l o y e d ,  o n e  s e r v e d  a s  t h e  p i s t i l l a t e  p a r e n t ,  t h e  
o t h e r  a s  t h e  s t a m i n a t e .  F i f t y  p o l l i n a t i o n s  w e r e  m a d e  a t  
s t y l a r  t i p s  a n d  50 o t h e r s  a t  s t y l a r  b a s e s .  The  s e e d  n u m -  
b e r  a n d  w e i g h t  of  e a c h  f r u i t  w e r e  d e t e r m i n e d  a n d ,  on  t h e  
b a s i s  of  t h e s e  d a t a ,  s e e d s  f r o m  15 p a i r s  of  f r u i t s  w e r e  
c h o s e n  f o r  p l a n t i n g .  E a c h  p a i r  c o n s i s t e d  of  o n e  f r u i t  f r o m  
e a c h  t y p e  of  p o l l i n a t i o n ,  c h o s e n  s o  t h a t  t h e  s e e d  n u m b e r s  
of  m e m b e r s  of  a p a i r  w e r e  a s  n e a r l y  a l i k e  a s  p o s s i b l e .  
T h i s  w a s  d o n e  to  m i n i m i z e  d i f f e r e n c e s  b e t w e e n  t h e  s e e d s  
of  t h e  two  t r e a t m e n t s .  S e e d s  w e r e  s o w n  4 c m  a p a r t ,  i n  
f l a t s ,  a n d  t h e  g e r m i n a t i o n  t i m e  of  e a c h  w a s  r e c o r d e d .  
F o u r  w e e k s  a f t e r  s o w i n g ,  50 s e e d l i n g s  f r o m  e a c h  f r u i t ,  
f e w e r  in  s o m e  e a s e s ,  w e r e  t r a n s p l a n t e d  to 10 • 1 0 c m  
p o t s .  The  r e m a i n i n g  s e e d l i n g s  w e r e  cu t  a t  g r o u n d  l e v e l  
a n d  w e i g h e d ,  f r e s h .  D a t e  of  f i r s t  f l o w e r i n g  a n d  t h e  p r e s -  
e n c e  of  a s y m e t r y  in  t h e  f i r s t  f l o w e r  of a p l a n t  w e r e  r e -  
c o r d e d .  The  d a t a  a r e  p r e s e n t e d  in  t a b l e  1 a n d  f i g .  1 a n d  2 .  

A s  a f u r t h e r  c o n t r o l  on  v a r i a t i o n  in  s e e d  w e i g h t ,  r e -  
g r e s s i o n  a n a l y s e s  w e r e  d o n e  on  t h e  a v e r a g e  s e e d  w e i g h t  
of  e a c h  f r u i t  v e r s u s  t h e  a v e r a g e  g e r m i n a t i o n  t i m e ,  a v e r -  
a g e  s e e d l i n g  w e i g h t ,  a n d  a v e r a g e  f l o w e r i n g  t i m e  of  t h e  
p l a n t s  d e r i v e d  f r o m  e a c h  f r u i t .  A ny  s i g n i f i c a n t  r e g r e s -  
s i o n  wou ld  i n d i c a t e  t h e  n e e d  f o r  a n a l y s e s  of  c o v a r i a n c e  

to " r e m o v e "  t h e  i n f l u e n c e  of  d i f f e r e n c e s  in  a v e r a g e  s e e d  
w e i g h t .  

R e s u l t s  a n d  D i s c u s s i o n  

A l t h o u g h  t h e  p e r c e n t a g e  of p o l l i n a t i o n s  r e s u l t i n g  in  

f r u i t s  d id  not  d i f f e r  s i g n i f i c a n t l y  b e t w e e n  t r e a t m e n t s ,  

t h e  a v e r a g e  n u m b e r  of  s e e d s  p e r  f r u i t  d id  ( s e e  t a b l e  1 ) .  

T h i s  m a y  i n d i c a t e  t h a t  m o r e  p o l l e n  a d h e r e d  to t h e  t i p  of  

t h e  s t i g m a t i c  s u r f a c e  t h a n  to t h e  b a s e .  W i t h i n  t h e  15 

p a i r s  of f r u i t s  s e l e c t e d  f o r  p l a n t i n g ,  h o w e v e r ,  no  s i g n i -  

f i c a n t  d i f f e r e n c e s  b e t w e e n  t r e a t m e n t s  w e r e  f o u n d  in 

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

T h i s  i n d i c a t e s  t h a t  a n y  s e e d l i n g  d i f f e r e n c e s  b e t w e e n  

t r e a t m e n t s  a r e  p r o b a b l y  not  due  to d i f f e r e n c e s  in  s e e d  

w e i g h t .  

A s  i s  s h o w n  in  t a b l e  1, no s i g n i f i c a n t  d i f f e r e n c e s  b e -  

t w e e n  t r e a t m e n t  w e r e  f o u n d  in  p e r c e n t a g e  of  g e r m i n a -  

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

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

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

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

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

w e i g h t  p e r  c a p s u l e .  A n a l y s i s  of  c o v a r i a n c e  w a s  t h e r e -  

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

l a c k i n g  d a t a  on  i n d i v i d u a l  s e e d w e i g h t s ,  i t  w a s  n e c e s s a r y  

to  b a s e  t he  r e g r e s s i o n  a n a l y s i s  on  t h e  a v e r a g e  s e e d  

w e i g h t  p e r  f r u i t ,  t h e r e b y  r e d u c i n g  t h e  s e n s i t i v i t y  of  t h e  

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

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

f r u i t  w e r e  a l s o  s u b j e c t e d  to a n a l y s i s  of  v a r i a n c e .  H e r e  

t h e  b e t w e e n  t r e a t m e n t  d i f f e r e n c e  was  not  s i g n i f i c a n t  f o r  

t i m e  of  g e r m i n a t i o n  but  t h a t  f o r  s e e d l i n g  w e i g h t  w a s  s t i l l  

s t a t i s t i c a l l y  s i g n i f i c a n t  ( F  : 7 .  1028,  df = 1 , 2 8  ; P < .  0 5 ) .  

A p a r t i c u l a r l y  i n t e r e s t i n g  f a c t  i s  t h a t  t h e  v a r i a n c e  in  

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

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

" t i p "  p o l l i n a t i o n s  ( F  = 2 . 3 3 0 6 ,  df  = 7 9 4 , 8 0 9 ;  P < . 0 0 5 ) .  

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

ic  c o m p e t i t i o n  a n d  s p o r o p h y t i c  v a r i a n c e  w a s  r e p o r t e d  

by  T e r - A v a n e s i a n  ( 1 9 4 9 )  a n d  M a t t h e w s  ( S e e  L e w i s  1 9 5 4 ) .  

The p r i m a r y  s i g n i f i c a n c e  of  t h i s  s t u d y ,  h o w e v e r ,  i s  in  

i t s  i n d i c a t i o n  t h a t ,  e v e n  i f  t h e  p o s s i b l e  i n f l u e n c e  of  v a r i -  

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

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

i n f l u e n c e  t h e  q u a l i t y  of  t h e  F] g e n e r a t i o n .  Th i s  s u g g e s t s  

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

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

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

g a m e t o p h y t i c  c o m p e t i t i o n .  
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T a b l e  1. The p r o d u c t s  o f  p o l l i n a t i o n s  a t  s t y l a r  t i p s  ( i n t e n s e  g a m e t o p h y t i c  c o m p e t i t i o n )  c o m p a r e d  w i th  
t h o s e  o f  p o l l i n a t i o n s  a t  s t y l a r  b a s e s  ( r e d u c e d  g a m e t o p h y t i c  c o m p e t i t i o n ) .  S i g n i f i c a n t  d i f f e r e n c e s  a r e  
i n d i c a t e d  a n d  i r r e l e v a n t ,  n o n s i g n i f i c a n t  o n e s  o m i t t e d  ( i . e . ,  t i m e  o f  f l o w e r i n g  a n d  f l o r a l  s y m m e t r y )  
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Tip P o l l i n a t i o n s  B a s e  P o l l i n a t i o n s  S t a t i s t i c i a l  
A n a l y s i s  

50 P o l l i n a t i o n s  

48 F r u i t s  

2503 S e e d s  

( ~  = 52.  1 4 5 8 / F r u i t )  

x w e i g h t / s e e d  = 
= . 0 0 1 0 8 4  g 

F r u i t s  S e l e c t e d  f o r  P l a n t i n g  

Tip P o l l i n a t i o n s  

15 F r u i t s  

830 Seeds 

x weight/seed = 
= . 0 0 1 0 4 1  g 

810 S e e d l i n g s  
( 9 7 . 5 9  % g e r m i n a t i o n )  

g e r m i n a t i o n  t i m e  = 
= 4 . 4 3 4 7  d a y s  

x s e e d l i n g  w e i g h t  = 
= . 3 6 5 9  g 

50 P o l l i n a t i o n s  

43 F r u i t s  

1714 S e e d s  

( ~  = 39.  8 6 0 4 / F r u i t  ) 

w e i g h t / s e e d  = 
= . 0 0 1 1 6 9  g 

B a s e  P o l l i n a t i o n s  

15 F r u i t s  

806 S e e d s  

weight/seed = 
= . 0 0 1 0 9 9  g 

, g .  
794 S e e d l i n g s  
( 9 8 . 5 1  g g e r m i n a t i o n )  

g e r m i n a t i o n  t i m e  = 
= 4 . 5 7 4 0  d a y s  

x s e e d l i n g  w e i g h t  = 
= . 3 1 6 8  g 

2 
X = . 2 7 7 8 ,  df  = 1 ; n s  

F = 1 1 . 3 0 5 2 ,  df  = 1 , 8 9 ;  
P < . 0 0 5 .  

F = 7 . 5 5 3 7 ,  df  = 1 , 8 9 ;  
P < . 01  

S t a t i s t i c i a l  
A n a l y s i s  

F = .0167, df = 1,28;ns 

F = .0434, df = 1,28;ns 

F = . 0 0 3 1 ,  df= 1 , 2 8 ;  ns 

2 
X = 6 2 . 7 0 3 7 ,  df  = 9;  
P < . 0 0 5  

F = 8.9445, d r =  1 , 1 8 3 ;  
P < .005 
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F i g .  1.  D i s t r i b u t i o n  o f  g e r m i n a t i o n  t i m e s  f o r  s e e d s  p r o -  
d u c e d  u n d e r  c o n d i t i o n s  of  1 s e v e r e  p o l l e n  t u b e  c o m p e t i -  
t i o n  a n d  2 l i g h t  p o l l e n  t u b e  c o m p e t i t i o n  

F i g . 2 .  D i s t r i b u t i o n  o f  p l a n t  w e i g h t s  ( 28  d a y s  a f t e r  
p l a n t i n g ) .  1 r e f e r s  to  p l a n t s  f r o m  s e e d  p r o d u c e d  u n d e r  
c o n d i t i o n s  of  s e v e r e  p o l l e n t u b e  c o m p e t i t i o n .  2 r e f e r s  to  
c o n d i t i o n s  of  l i g h t  p o l l e n  t u b e  c o m p e t i t i o n  
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