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Genetic Variability of Gametophyte Growth Rate in Maize 
M. Sari Gorla, E. Ottaviano and D. Faini, Institute of Genetics, University of Milan, Milan (Italy) 

S u m m a r y .  In o r d e r  to m e a s u r e  d i f f e r e n c e s  in the pol len  growth r a t e  of n u m e r o u s  l i ne s  of m a i z e  and to i nves t iga t e  
the main  f ea tu r e s  of t h e i r  gene t ic  con t ro l ,  gametophyte  growth was s tudied in  v i t r o  and in  ~.~vo. 

In v i t r o  pol len tube growth of twenty inbred  l ines  and seven  hybr ids  was m e a s u r e d ;  a r e m a r k a b l e  v a r i a b i l i t y  
was o b s e r v e d  in the growth r a t e  of the inbred  l ines  examined :  mos t  l ines  w e r e  d i s t inc t ,  showing d i f fe ren t  l e v e l s  
of growth .  

Ana lys i s  of f r equency  d i s t r ibu t ion  of pol len tube lengths  fo r  p a i r s  of inbred  l ines  and t h e i r  F l ' ,  r e v e a l e d  
g r e a t e r  v a r i a n c e  among lengths  of F~ pol len  tubes ,  p r e s u m a b l y  indicat ing the s e g r e g a t i o n  of genet ic  f a c t o r s  e x -  
p r e s s e d  in the gametophy te .  

S i m i l a r  f r equency  d i s t r ibu t ions  of tube lengths  in pol len  p roduced  by two p a i r s  of r e c i p r o c a l  hybr ids  v i r t u a l l y  
exc luded the p r e s e n c e  of a c y t o p l a s m i c  componen t .  

In  vivo c o m p e t i t i v e  abi l i ty  of pol len tubes  was m e a s u r e d  as  the i n c r e a s e  in r e l a t i v e  f e r t i l i z a t i on  f r equency  
f rom apex to base  of the e a r .  Mix tu res  w e r e  made using two types  of gene t i ca l ly  d i s t ingu i shab le  pol len ,  and w e r e  
appl ied to a f e m a l e  c o m m o n  pa ren t .  Nine p a i r s  of inbred  l ines  fu rn i shed  the pol len  for  the m i x t u r e s .  In all  c a s e s  
whe re  the B14 l ine was involved ,  th is  pol len  type f e r t i l i z e d  n e a r l y  all  the ovu les ,  pe rhaps  indica t ing  the p r e s e n c e  
of a gametophyt ic  f ac to r .  When o the r  l ines  w e r e  c o m p a r e d ,  the e a r s  conta ined  m i x t u r e s  of the two pos s ib l e  s e e d  
types ,  the r e l a t i v e  p ropor t ions  of which indica ted  the d i f fe ren t ia l  c o m p e t i t i v e  ab i l i t i e s  of the two pol len  tube types .  

A c o m p a r i s o n  between in  v i t r o  and in  v ivo  behav io r  was made  fo r  s o m e  genotypes .  _rn v ivo  r e s u l t s  gen -  
e r a l l y  a g r e e d  with in  ~)itro r e s u l t s .  The d e g r e e  of the d i f f e r e n c e s  between l ines  how eve r  was changed,  p r e s u m -  
ably because  p o l l e n - s t y l e  o r  po l l en -po l l en  i n t e r ac t i ons  a r e  absent  in  v i t r o .  

Di f fe r ing  growth pa t t e rn s  be tween l ines  w e r e  a l so  r e v e a l e d  in  vivo by d i r e c t  o b s e r v a t i o n  of f l uo re scen t  po l len  
tubes  within the s i lks ,  a finding which may be useful  in f u r t he r  s tud ie s .  

In t roduct ion  

Abundant ev idence  p rov ided  by s e v e r a l  au thors  demon-  

s t r a t e s  that the f e r t i l i z a t i o n  abi l i ty  of pol len  g r a i n s  can 

not be a s s u m e d  to be  independent  of i ts  gene t ic  cons t i -  

tu t ion.  This m e a n s  that p r e z y g o t i c  s e l e c t i o n  f r equen t ly  

o c c u r s  as a r e su l t  of gametophy t i c  compe t i t i on .  The 

phenomenon has  been  d e s c r i b e d  in s e v e r a l  s p e c i e s  of 

p lants  (P lonka  1968, Hard ing  and Tucker  1969) and p a r -  

t i c u l a r l y  i nves t iga t ed  in m a i z e  ( J o n e s  1920, P f a h l e r  

1965, 1967, Mulcahy 1971, 1974).  

In s o m e  c a s e s  f e r t i l i z a t i o n  abi l i ty  is  g r e a t l y  inf lu-  

enced  by the p r e s e n c e  of a s i n g l e - g e n e ,  Ga,  " g a m e t o -  

phytic  f ac to r"  ( J o n e s  1928, Schwar tz  1950, Nelson  1952, 

Bianchi  1957).  

In o the r  c a s e s  d i f fe ren t i a l  f e r t i l i z a t i o n  ab i l i ty  is  not 

a s c r i b a b l e  to a s i n g l e - g e n e  e f fec t ,  but r a t h e r  to the g e -  

ne t i c  background .  H e r e ,  the c h a r a c t e r  is i nhe r i t ed  in a 

quant i ta t ive  m a n n e r .  In both c a s e s  it can be a f fec ted  by 

the env i ronmen t  and the  p i s t i l l a t e  t i s s u e s  ( J o n e s  1928, 

P f a h l e r  1965 and 1967, Plonka 1968, Mulcahy 1971 and 

1974).  C l e a r l y ,  the c o m p e t i t i v e  abi l i ty  of po l len  could 

have  g rea t  evo lu t iona ry  s i g n i f i c a n c e ,  p a r t i c u l a r l y  if a 

par t  of the gene t ic  s y s t e m  is  e x p r e s s e d  in both the g a m e -  

tophyt ic  and sporophyf ic  phases  of the l i fe  cyc l e  ( T e r -  

Avanes j an  1949, Mulcahy 1971 and 1974).  H o w e v e r  g r ea t  

the po ten t ia l ,  the  ac tual  i m p o r t a n c e  of d i f f e r e n c e s  in pol -  

len growth r a t e  depends  on t he i r  diffusion in n a t u r e .  The 

p r e sen t  s tudy was under taken  to m e a s u r e  the va lue  of 

this  c h a r a c t e r  in many d i f fe ren t  l i nes  of m a i z e  and to 

a s c e r t a i n  the ma in  f e a t u r e s  of the gene t ic  con t ro l  of t hese  

d i f f e r e n c e s .  Gametophyte  g r o v ~ h w a s  s t u d i e d i n  in  v i t r o  

and in vivo: in the first case, the growth rate of the 

pollen tube was measured; inthe second, the competitive 

ability of pollen of different genotypes within the same 

silk was tested. 

M a t e r i a l  and Methods  

a) In v i t r o  pol len tube g rowth .  Twenty inbred  l ines  
(W23, OH41, B14,  33-16,  H2386, H2396, H2187, NI -74 ,  
S i lv -91 ,  H3025, W22, 38-11,  W64A, C123, WF9 ,  M14,  
H991, B37,  P o p . A 1 6 ,  W374R) and s e v e n  hybr ids  
(H 3025x  NI-74 ,  H2386 x H 2 1 8 7 ,  H2386 • S i l v -91 ,  
H2386 x B14, H2187 •  H2187 • B14, S i l v - 9 1 •  
B14) w e r e  used  as the po l len  s o u r c e .  

P o l l e n  g ra in s  w e r e  p laced  on a synthe t ic  g e r m i n a t i o n  
med ium ( P f a h l e r  1967) of the fol lowing com pos i t i on :  
0.6~o bactoagar, 15~o sucrose, 0.01~ H~BO~ and 
0.03~o Ca(NO~ )~ �9 4H20 ; one hour after inoculation (at 
27 ~ all activity was stopped by bringing the plates 
to a temperature of 4 o C. The lengths of 15 pollen tubes 
chosen at random from each plate were measured on 
drawings obtained by a camera lucida. The total number 
of observations was about 60 per inbred line and 180 per 
hybrid. 
b) In vivo compe t i t i on  ab i l i ty .  The c o m p e t i t i v e  ab i l i ty  
of the pol len  tube was m e a s u r e d  as  the i n c r e a s e  in 
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r e l a t i v e  f e r t i l i z a t i o n  f r e q u e n c y  f r o m  a p e x  to  b a s e  of 
t h e  e a r .  M i x t u r e s  w e r e  m a d e  u s i n g  a p p r o x i m a t e l y  e q u a l  
q u a n t i t i e s  of  two  d i f f e r e n t  t y p e s  of  p o l l e n .  E a c h  w a s  
m a r k e d  f o r  t h e  p r e s e n c e  of  t h e  n o r m a l  o r  m u t a n t  a l l e l e  
of  opaque-2 ( o ~ ) ,  a g e n e  t h a t  a f f e c t s  t h e  s t r u c t u r e  of  
t h e  e n d o s p e r m  a n d  t h u s  c a n  b e  i d e n t i f i e d  o n  t h e  k e r n e l s .  
T h i s  m i x t u r e  w a s  t h e n  a p p l i e d  to t h e  s i l k s  of  a g e n e t i c a l -  
ly  k n o w n  p l a n t .  The  g e n e r a l  d e s i g n  of t h i s  e x p e r i m e n t  
w a s  t h e  f o l l o w i n g :  two  l i n e s  (A a n d  B)  in  two v e r s i o n s  
(o~o2 a n d  ++) w e r e  u s e d  f o r  m i x e d  p o l l i n a t i o n  in  e v e r y  
p o s s i b l e  c o m b i n a t i o n ,  A + A o ~ ,  B+ B o ~ ,  A+ B o ~ ,  Ao~ B+ .  
The  p u r p o s e  of  t h e  f i r s t  two  c o m b i n a t i o n s  w a s  to m e a s -  
u r e  t h e  e f f e c t  of  t h e  m a r k e r  g e n e .  C o m m e r c i a l  s i n g l e  
c r o s s  o p a q u e  (o~ o2 ) h y b r i d s  w e r e  u s e d  a s  f e m a l e  p l a n t s .  
The  s a m e  F • w a s  e m p l o y e d  in  a l l  t h e  c r o s s e s  of  e a c h  
c o m p a r i s o n .  

The  p a i r s  of  l i n e s  w h i c h  f u r n i s h e d  t h e  p o l l e n  f o r  t h e  
m i x t u r e s  w e r e :  B 1 4 ,  C 1 2 3 ;  B 1 4 ,  B 3 7 ;  B 1 4 ,  N I - 7 4 ;  
B 1 4 ,  S i l v - 9 1 ;  W F 9 ,  B 3 7 ;  C 1 2 3 ,  B 3 7 ;  C 1 2 3 ,  RNY;  
R V a 3 6 ,  S i l v - 9 1 ;  R V a 3 6 ,  H 2 1 6 7 .  A c o m p l e t e  p l a n  w a s  
not  o b t a i n e d  in  e v e r $  c a s e  b e c a u s e  t h e  two v e r s i o n s  
( o p a q u e  a n d  n o r m a l )  of  t h e  l i n e s  w e r e  no t  a l w a y s  a v a i l -  
a b l e .  T h i s  w a s  t h e  c a s e  f o r  t h e  l a s t  t h r e e  m i x t u r e s  r e -  
p o r t e d  a b o v e ,  w h e r e  o n l y  t h e  c o m b i n a t i o n  A+ Bo2 w a s  
m a d e .  The  e a r s  o b t a i n e d  w e r e  d i v i d e d  t r a n s v e r s e l y  in to  
f i v e  n e a r l y  e q u a l  s e g m e n t s  a n d  t h e  r e l a t i v e  f r e q u e n c i e s  
of  n o r m a l  a n d  o p a q u e  k e r n e l s  in  e a c h  w e r e  c o m p u t e d .  
S i n c e  t h e  s t y l e s  r e a c h i n g  t h e  b a s a l  o v u l e s  of  t h e  e a r  a r e  
t h e  l o n g e s t ,  a n y  i n c r e a s e  in  f r e q u e n c y  of  f e r t i l i z a t i o n  
f r o m  a p e x  ( s e g m e n t  1) to  b a s e  ( s e g m e n t  5) b y  o n e  of 
two  p o l l e n  t y p e s  m a y  b e  t a k e n  a s  a n  i n d e x  of  t h e  g r e a t e r  
r e l a t i v e  s p e e d  of  t h a t  t y p e .  The  a b i l i t y  of  b o t h  p o l l e n  
t y p e s  to  r e a c h  t h e  b a s e  of  e a r  w a s  d e m o n s t r a t e d  b y  t h e  
A+ Ao2 a n d  B+ Bo2 c o m b i n a t i o n s  of  t h e  e x p e r i m e n t a l  
d e s i g n .  

P o l l e n  t u b e s  f r o m  two i n b r e d  l i n e s  (RNY a n d  C123)  
w e r e  a l s o  o b s e r v e d  u s i n g  t h e  s t a i n i n g  t e c h n i q u e  p r o -  
p o s e d  b y  M a r t i n  ( 1 9 5 9 )  f o r  f l o w e r i n g  p l a n t s .  S t y l e s ,  
f i x e d  in  f o r m a l i n a c e t i c - 8 0 ~  a l c o h o l  a n d  c l e a r e d  in  s o -  
d i u m  h y d r o x i d e  s o l u t i o n ,  a r e  s t a i n e d  in  a 0 . 1 ~  s o l u -  
t i o n  of  a n i l i n e  b l u e  d y e ,  d i s s o l v e d  in  0 .  IN Ka P O ~ .  U n -  
d e r  t h e s e  c o n d i t i o n s ,  t h e  c a l l o s e  in  p o l l e n  t u b e s  e x h i -  
b i t s  a b r i g h t - y e l l o w  f l u o r e s c e n c e  a n d  c a n  b e  o b s e r v e d  
in  t h e  s t y l e  w i t h  a UV d a r k - f i e l d  m i c r o s c o p e .  

R e s u l t s  

a )  M e a s u r e m e n t  of  P o l l e n  Tube  G r o w t h  of t w e n t y  In -  

b r e d  L i n e s  

A r e m a r k a b l e  v a r i a b i l i t y  w a s  o b s e r v e d  in  t h e  g r o w t h  

r a t e  of  t h e  d i f f e r e n t  g e n o t y p e s .  In f a c t ,  o n e  h o u r  a f t e r  

i n o c u l a t i o n ,  d i f f e r e n c e s  b e t w e e n  t h e  m e a n s  a n d  no o v e r -  

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

t h e  l i n e s  ( F i g .  1 ) .  

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

a c t e r .  A n a l o g o u s  b e h a v i o u r  in  s o m e  of  t h e s e  l i n e s  h a s  

b e e n  d e s c r i b e d  b y  G a b a y  ( 1 9 7 4 ) ,  who f o u n d ,  f o r  e x -  

a m p l e ,  p o o r  g r o w t h  in  t h e  M 1 4 ,  W F 9  and  W64A l i n e s ,  

e x c e l l e n t  g r o w t h  in  t h e  B 14.  

The  r o l e  of  a g a m e t o p h y t i c  c o m p o n e n t  in  t h e  g e n e t i c  

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

b y  a s c e r t a i n i n g  t h e  e x i s t e n c e  of  s e g r e g a t i o n  of  t h i s  c h a r -  

a c t e r  in  p o l l e n  p r o d u c e d  b y  t h e  F 1" In  f a c t ,  in  t h i s  c a s e  

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

in  t h e  h e t e r o z y g o u s  s p o r o p h y t e .  The  i n c r e a s e  of  t h e  

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

of  s e g r e g a t i o n ;  t h u s  a c o m p a r i s o n  b e t w e e n  F 1 v a r i a n c e  

a n d  p a r e n t a l  l i n e  v a r i a n c e  m a k e s  i t  p o s s i b l e  to  a s c e r t a i n  
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the effects of genes expressed in the gametophyte. Fre- 

quency distributions of the pollen tube length in seven 

pairs of inbred lines and their FlS revealed two main 

kinds of genetic situation. 

The first, concerning NI-74 x H3025, B14 x H2187, 

H2187 • H2386, is illustrated in Fig.2 (the data were 

transformed into logarithms to eliminate the effect of 

correlation between mean and variance). The means of 

parental lines differ and the F 1 distribution is clearly 

wider than either parental distribution; this is con- 

firmed by the comparison of the relative variances 

(or 2 0.0480, 2 =0.0142 2 = 0.0225). Hence 
1 P1 ' P2 

it may be concluded that the parents differ with regard 

to the factors controlling pollen tube growth, and that 

segregation of these factors is responsible for the 

greater variance observed in F I" These results paral- 

lel those of Johnson et al. (Univ. Massachusetts sub- 

mitted for publication). In other cases (B14 x Silv-91, 

H2i87 • Silv-91, H2386x B14 and H2386x Silv-91) F 1 
variance was not significantly greater than that of both 

the parents (Table 1). Even though the differences be- 

tween the parental values made this result foreseeable, 

it may be attributed, at least in the case of most of the 

combinations, to a residual heterozygosis in theparent- 

al lines; it was usually found in the presence of the 

Silv-91 line, whose variance value was one of the high- 

est we obtained. 

To test whether pollen growth was affectedbymatern- 

al components, the frequency distributions of tube length 

in pollen produced by two pairs of reciprocal hybrids 

were also analyzed. These data can not be directly com- 

pared with the previous data, since they were obtained 

later, in the spring, using material produced in the 

greenhouse. However, the trend of frequency distribu- 

tions and statistical tests indicate similarity between the 

two reciprocal hybrids : in the comparison NI-74 • H3025 

and reciprocal, with 75 observations for each, the var- 

iance ratio to test homogeneity of within-hybrid variance 

was 1.027; in H3025 x H2386 and reciprocal, on 75 ob- 

servations for each, the value was 1.072. In both cases 

the difference between means turned out to be not signi- 

ficant. Thus, in this material, maternal effects may be 

excluded. 

Six of the F 1 analyzed represent every possible 

combination between four parental lines, BI4, Silv-91, 

H2187, H2386 ; these combinations may be analyzed to- 

Table 1. 

a) Means  and v a r i a n c e s  (be tween pol len  tubes)  of four  inbred  l ines  and t h e i r  F l ' S  

B 14 Silv H2187 H2386 Means 

B14 X 0.7840 0.5869 0.5648 0.6123 0.6386 
2 

c 0.0201 0.0363 0.0519 0.0430 

Silv X 0.05242 0.6046 0.5723 0.5720 
,2 0.0320 0.0366 0.0463 

H2187 X" 0.7421 0.6134 0.6312 
2 0.0258 0.0536 

H2386 X 0.5719 0,5925 
2 0.0311 

b) ANOVA of mean diffeFences between genotvpes 

Items d.f. variances 

Between  l ines  3 0.01043** 
In t e rac t ion  6 0.00466* 
E r r o r  (Be tween  p l a t e s ,  73 0.00159 
within genotypes)  

Level s ign i f i cance  is  ind ica ted  in convent iona l  m a n n e r .  
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g e t h e r  w i t h  t h e  p a r e n t s  f o r  v a r i a b i l i t y  b e t w e e n  t h e  

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

i s .  I n t e r p r e t i n g  t h e  r e s u l t s  i s  no t  v e r y  e a s y ,  b e c a u s e t h e  

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

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

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

of  t h e  c o m p e t i t i o n .  

T a b l e  1 s h o w s  t h e  p a r e n t a l  a n d  F 1 m e a n s  a n d  v a r -  

i a n c e s  a n d  t h e  m e a n s  p e r  a r r a y ;  in  t h e  a n a l y s i s  of v a r -  

i a n c e  ( A N O V A )  t h e  s o u r c e s  of  v a r i a t i o n  a r e  t h e  " b e -  

t w e e n  l i n e s "  ( a d d i t i v e  e f f e c t s )  and  t h e  " i n t e r a c t i o n "  

i t e m s ,  b o t h  of  w h i c h  w e r e  s i g n i f i c a n t .  If t h e  s p o r o -  

p h y t i c  c o m p o n e n t  i s  s u p p o s e d  to b e  not  v e r y  r e l e v a n t  

o r ,  i n  a n y  c a s e ,  no t  t h e  o n l y  s o u r c e  of v a r i a b i l i t y ,  t h e  

s i g n i f i c a n c e  of  i n t e r a c t i o n  m a y  b e  i n t e r p r e t e d  a s  a n  e p i -  

s t a t i c  e f f e c t ,  w h i c h  b e c o m e s  e v i d e n t ,  i n  t h e  h a p l o i d  

s t a t e ,  b e c a u s e  of  t h e  n e w  g e n i c  c o m b i n a t i o n s .  

b )  R e s u l t s  o b t a i n e d  f r o m  m i x e d  p o l l i n a t i o n s  

F r e q u e n c i e s  (~o) of  o p a q u e  k e r n e l s  a r e  r e p o r t e d  f o r  e a c h  

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

m i x t u r e  e m p l o y e d ,  in  F i g s . 3  a n d  4 ;  T a b l e  2 s h o w s  t h e  

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

c a n c e  of  2 b e t w e e n  s e c t o r s  ( h e t e r o g e n e i t y b e t w e e n  e a r s  

w a s  no t  o b s e r v e d ) .  

The  p r o p o r t i o n s  of  t h e  two t y p e s  of  k e r n e l s  w e r e  

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

t h e  s a m e  l i n e  (C123+  C 1 2 3 o 2 ,  B37+ B 3 7 o  2 a n d  s o  o n ) ;  

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

t h e  opaque-2 m a r k e r .  

G e n e r a l l y ,  w h e n  p o l l e n  m i x t u r e s  of  d i f f e r e n t  g e n e t i c  

b a c k g r o u n d s  w e r e  u s e d ,  two p r i n c i p a l  t y p e s  of  b e h a v i o u r  

w e r e  o b s e r v e d .  In no  c a s e s  w h e r e  t h e  B14 l i n e  w a s  i n -  

v o l v e d  ( F i g .  3a  a n d  T a b l e  2) w a s  a s i g n i f i c a n t  d i f f e r e n c e  
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N21! a 1 Z 3 4 5 0 b 

Segments 

PoLLen mixtures 

z~ C 1Z3 oz, C 123+ 

�9 B 14o z ,B 14+ 

o C123o z,B 14+ 

�9 B 14o z,C123+ 

3 4 
Se ments 

Pollen mixtures 

B 37 o z, 8 37 + 

�9 WF9 oz, WF9+ 

o B 37oz, WFg+ 

�9 WFgoz,  B 3 7 +  

F i g .  3.  R e l a t i v e  f e r t i l i z a t i o n  f r e q u e n c i e s  in  5 s e g m e n t s  
of  e a r s  r e s u l t i n g  f r o m  m i x e d  p o l l i n a t i o n s  of  a s i n g l e  
c r o s s  opaque-2 h y b r i d  ( o z o ~ )  

F i g . 4 .  P o l l e n  t u b e  g r o w t h  p a t t e r n  in  t h e  s i l k  o b s e r v e d  
b y  UV d a r k - f i e l d  p h o t o m i c r o s c o p e  ( L e i t z  O r t h o l u x ,  
100 x ) .  RNY (A )  a n d  C123  ( B )  l i n e s  

T a b l e  2 .  R e l a t i v e  f e r t i l i z a t i o n  f r e q u e n c i e s  in  5 s e g m e n t s  of  e a r s  r e s u l t i n g  f r o m  m i x e d  p o l l i n a t i o n s  

N o .  of  k e r n e l s  f o r  s e g m e n t  b e t w e e n  s e g m e n t s  
P o l l e n  m i x t u r e s  2 

1 2 3 4 5 • s i g n i f i c a n c e  

A .  C 1 2 3 0 2  , C123+ 169 144 172 181 165 n . s .  

B 1 4 o  2 ,  B14+ 388 392 435 435 395 n . s .  

C 1 2 3 o  2 , B14+ 199 200 212 264 267 n . s .  

B 1 4 o 2 ,  C123+ 630 548 575 559 584 

B .  B 3 7 o 2 ,  B37+ 593 548 518 514 474 n . s .  

W F 9 o 2 ,  W F 9 +  597 573 544 462 471 n . s .  

B 3 7 o  2,  W F 9 +  704 679 720 700 623 ~ 

W F 9 o 2 ,  B37+ 420 388 416 391 379 ~ 

L e v e l  s i g n i f i c a n c e  i s  i n d i c a t e d  in  c o n v e n t i o n a l  m a n n e r .  
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between sectors observed, but there was a sharp dif- 

ference between the numbers of normal kernels and 

opaque kernels. One of the two types of pollen (that of 

the BI4 line) grows much faster than the other, or it 

has a notably shorter germination time, so that only a 

minority of the ovules - in all the sectors - can be fer- 

tilized by the slower pollen. In Fig. 3a the comparison 

between B I4 and C123 is shown; analogous results were 

obtained for BI4 and B37 or Ni-74. 

This type of result is to be expected where gameto- 

phytic factors are present; it may be that the BI4 line 

carries one of them. 

In the other genotypes, we observed competition be- 

tween the two lines compared. The relative frequency 

of normal and opaque kernels varied according to a 

gradient from the apex to the base of the ear in an op- 

posite manner in the reciprocal situations. Fig. 3b shows 

the comparison between the WF9 and B37 lines; results 

of the same type were obtained with the other genotypes 

tested, even though the design was not complete in 

every case. More precisely, pollen of the C123 line had 

a growth speed greater than that of B37, but lower than 

that of RNY; RVa36 had a growth rate lower than that 

of Silv-91 and similar to that of H2167. 

Between-line differences observed as fertilization 

ability and those measured as in vitro pollen growth 

are comparable. 

The genotypes analyzed by both techniques can be 

ranged in order of merit: 

in  v i t r o :  B14 > C123  > N I - 7 4  > B37 > S i l v - 9 1  > W F 9  

in  v ivo:  B14 > C123 > W F 9  > B 3 7 ,  N I - 7 4 ,  S i l v - 9 1  

Generally, in vivo behaviour reflected that observed 

in vitro. However, two points emerged: i) the WF9 

line was not able to germinate in vitro, but showed a 

good competitive ability in vivo; ii) the Bl41ineproved 

to be the best genotype in both experimental conditions, 

but its superiority to the other genotypes - to C123 in 

particular - was much more marked in vivo than in 

vitro. Thus, growth on a synthetic medium does not re- 

veal differences so great as those manifested in vivo, 

which are likely to be due to such factors as interaction 

with the style. 

Direct observation of fluorescent pollen tubes in the 

styles revealed that growth patterns of different lines 

varied. Fig.4 shows the behaviour of RNY (a) and C123 

(b) lines. In the RNY line, only scattered tubes were 

found and these were characterized by a linear, quite 

regular, growth. In the C123 line many crowded tubes 

were found and these had an irregular and distorted pat- 

tern of growth, not necessarily the result of crowding. 

Discussion 

The results of this study confirm that the fertilization 

ability of maize pollen is associated with its genetic con- 

stitution and that, apart from the well known Ga factors, 

multifactorial complexes are involved in the control of 

this character. 

In vitro pollen growth revealed a wide genetic va- 

riability for pollen tube growth rate in the sample of 

lines we examined. It may, therefore, be supposed that 

this character is subject to selective pressures under 

natural conditions. Gametic selection may be an im- 

portant evolutionary factor, especially for plants, where 

the gametophytic generation constitutes a more conspic- 

uous part of the life cycle. The selective value of the 

male gametophyte may depend also on the fitness of the 

gametophyte itself and not only on the characteristics, 

such as the quantity of pollen produced, of the sporo- 

phyte from which it originates. 

Evolutionary consequences of growth rate differences 

are to be expected where there is association between 

genetic effects controlling this trait and those involved 

in determining individual fitness. This association has 

been observed by Mulcahy in maize (1971, 1974) , con- 

sidering seed or seedling weight as sporophyte traits. 

The gametophytic component appears to be important 

in specifying between-genotype differences in this char- 

acter, while no maternal effect was revealed. Even 

though a sporophytic influence cannot be excluded, the 

evidence indicates that the phenotypical characteristics 

of the pollen tube depend on genes that are expressed in 

the gametophytic phase. In particular, these genes have 

an additive action, but it is probable that there is also 

interaction between single alleles. 

The in vivo study of pollen competitive ability revealed 

two mechanisms responsible for differential fertilization 

ability in maize: I. ) clear-cut differences such as those 

due to Ga factors; 2. ) differences due to quantitative in- 

heritance. In the latter case there are only small differ- 

ences in speed of pollen tube growth. These can be 

detected by the change in the relative fertilization fre- 

quency in the different segments of the ear. 

Opaque-2 was the genetic marker employed and the 

results indicate that 02 is independent of the genes con- 

trolling pollen tube growth; competition took place be- 
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t w e e n  p o l l e n  of  d i f f e r e n t  g e n e t i c  b a c k g r o u n d s  a s  t he  e f -  

f e c t  of  g e n e s  not  c l o s e l y  l i n k e d  to o 2 . F e r t i l i z a t i o n  

r a t e  d i f f e r e n c e s  m a y  be  due  to a d i f f e r e n t  g e r m i n a t i o n  

t i m e ,  o r  to a d i f f e r e n t i a l  s p e e d  of  t ube  g r o w t h .  It i s  

p o s s i b l e  to  d i s c r i m i n a t e  b e t w e e n  t h e s e  two f a c t o r s :  t he  

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

i s  a f u n c t i o n  of  t h e  s e c t o r  of  t h e  e a r ,  w h e r e a s  d i f f e r -  

e n c e s  of  g e r m i n a t i o n  t i m e  wou ld  p r o d u c e  the  s a m e  r e -  

s u l t  in  a l l  s e c t o r s  ( J o n e s  1928) .  The e v i d e n c e  i n d i -  

c a t e s  tha t  bo th  t h e s e  f a c t o r s  a f f ec t  the  f e r t i l i z a t i o n  r a t e  

of  m a i z e ;  p a r t i c u l a r l y  m a r k e d  a r e  t he  e f f e c t s  of  d i f -  

f e r e n c e s  in g r o w t h  s p e e d .  

D i f f e r e n c e s  in  g r o w t h  p a t t e r n  b e t w e e n  two l i n e s  w e r e  

d i r e c t l y  o b s e r v e d  in t he  s t y l e s  by  m e a n s  of f l u o r e s c e n c e  

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

t w e e n  p o l l e n  t u b e  t y p e s  w e r e  f r e q u e n t ,  t h e y  cou ld  p e r -  

h a p s  be  e m p l o y e d  in f u t u r e  s t u d i e s  of  i n  v i vo  p o l l e n  

t u b e  c o m p e t i t i o n .  

The i n f o r m a t i o n  o b t a i n e d  by the  two t e c h n i q u e s  - i n  

v i t r o  o r  i n  v i vo  - d i f f e r s .  In s o m e  c a s e s ,  a s  in a l f a l f a  

( B a r n e s  and C l e v e l a n d  1963) ,  a c l e a r  r e l a t i o n s h i p  has  

b e e n  o b s e r v e d  b e t w e e n  i n  v i t r o  and in  s i t u  g r o w t h ,  

A c k n o l e d ~ e m e n t s  

The a u t h o r s  thank  D r .  D . L .  M u l c a h y f o r  c r i t i c a l  r e a d i n g  
of  t he  m a n u s c r i p t  and M r .  M.  V i l l a  f o r  t e c h n i c a l  a s s i s -  
t a n c e .  
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