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S u m m a r y .  I m m e r s i o n  of Lilium longiflox~en p i s t i l s  in 490 C w a t e r  fo r  i n c r e a s i n g  dura t ions  of 1 , 2 , 3 ,  o r  4 m i n -  
u tes  i m m e d i a t e l y  p r i o r  to i ncompa t ib l e  pol l ina t ion  r e s u l t e d  in a c o r r e s p o n d i n g l y  p r o g r e s s i v e  d e c r e a s e  in the 
s t y l a r  s e l f - i n c o m p a t i b i l i t y  c o m p e t e n c e ,  as  d e t e r m i n e d  f rom the lengths  a t ta ined  by pol len  tubes  dur ing 4 8 h o u r s  
growth  in the  s t y l e s  at 24 o C. N e i t h e r  p i s t i l s  r e m a i n i n g  on the plant  nor  those  de tached  f r o m  the plant which 
w e r e  i m m e r s e d  a f t e r  an thes i s  in 49 o C w a t e r  for  5 minu tes  r e g a i n e d  s e l f - i n c o m p a t i b i l i t y  c o m p e t e n c e  dur ing  a 
48 hour  incubat ion at 24 ~ C p r i o r  to i ncompa t ib l e  po l l ina t ion .  Heat t r e a t m e n t  of de tached  p i s t i l s  as  
e a r l y  as 39 hours  p r i o r  to bud an thes i s  a l so  r e s u l t e d  in an inac t iva t ion  of s t y l a r  s e l f - i n c o m p a t i b i l i t y  c o m p e -  
t ence  when incompa t ib l e  po l l ina t ion  was made  at 24 hours  a f t e r  a n t h e s i s .  E x p e r i m e n t s  u t i l i z ing  heat  t r e a t -  
ment  of p a r t i a l  lengths  of de tached  whole s t y l e s  r e v e a l e d  that po l len  tubes  which have grown through as much  
at 45  m i l l i m e t e r s  of e i t h e r  a phys io log i ca l l y  i ncompa t ib l e  o r  com pa t i b l e  por t ion  of the s ty l e  a r e  s t i l l  capab le  
of shif t ing to e i t h e r  a h ighe r  growth r a t e  o r  l ower  growth  r a t e  upon en t ry  into r e s p e c t i v e l y  e i t h e r  a phys io lo -  
g i ca l ly  c o m p a t i b l e  o r  i ncompa t ib l e  por t ion  of the s t y l e .  

Introduction 

Self-incompatibility in flowering plants is a genetical- 

ly controlled system resulting in the inability of a plant 

producing functional gametes to set seed when self- 

pollinated. Identical specificities in pollen and pistil 

dictate this failure to set seed, and the genes coding 

these specificities are commonly referred to as S-al- 

leles (self-incompatibility alleles). The observable 

physiological and cytological manifestation of the self- 

incompatibility interaction between pollen and pistil 

may occur on the stigma surface, within the style, or 

in the ovule prior to or following fertilization (Sears 

1937 ; Bateman 1954 ; Brewbaker 1957 ; Rowlands 1964). 

The site of manifestation is characteristic of a species 

and tends to be the same for all self-incompatible spe- 

cies within a family (Brewbaker 1957; Pandey 1960). 

In Lilium longiflorum the  s e l f - i n c o m p a t i b i l i t y  r e -  

ac t ion  a p p e a r s  to be e x p r e s s e d  in the upper  th i rd  of 

the  s t y l e ;  not at the s t i g m a t i c  s u r f a c e  (Myodo 1962; 

Yamada  1965; A s c h e r  1967).  P o l l e n  tubes  i n c o m p a t -  

ib le  with the s t y l a r  t i s s u e  grow at much r e d u c e d  r a t e s  

c o m p a r e d  to compa t ib l e  po l len  t u b e s .  

H e a t - i n d u c e d  inac t iva t ion  of s e l f - i n c o m p a t i b i l i t y  

in th is  s p e c i e s  has  r e c e n t l y  been  d e m o n s t r a t e d .  Po l l en  

tubes  growing  in i ncompa t ib l e  s t y l e s  incuba ted  at 39 ~ C 

exhibi t  a g rowth  r a t e  n e a r l y  as high as that  of pol len  

tubes  g rowing  in c o m p a t i b l e  s t y l e s  at 390 C dur ing a 

48 hour  p e r i o d  ( A s c h e r  and Pe loqu in  1966a) .  The s i t e  

of th is  high t e m p e r a t u r e  ef fec t  a p p e a r s  to be the s t y l e  

since a short, pre-anthesis immersion of the style in 

500 C water for 6 minutes is equally effective in inact- 

ivating the self-incompatibility response (Hopper, 

Ascher and Peloquin 1967). The grov .h rate of incomp- 

atible pollen tubes at 240 C in the heat treated styles is 

similar to that of compatible pollen tubes growing at 

240 C in non-pretreated styles when measured over a 

48 hour period. 

Temperature sensitivity of self-incompatibility has 

been found also in other species. Previous to the work 

with Lilium longiflorum, partial inactivation of self-in- 

compatibility by heat had been demonstrated in Oeno- 

thera rhombipetala ( Bali 1963) and in Oenothera orga- 

nensis (Hecht 1964). For O. organensis, a 5-minute 

immersion of the pistil in 50 o C water inactivated the 

self-incompatibility, whereas for 0. rhombipetala, a I 

to 2 �89 immersion was sufficient. These authors 

have interpreted their results as reflecting a heat-in- 

duced degradation of incompatibility substances in the 

stigma and style. Temperature sensitivity of self-in- 

compatibility has been demonstrated also within the 

species Trifolium hybridum. One clone of tetraploid T. 

hybr~dwn was foundto change from incompatible to comp- 

atible after one to two days at constant 32 o C or 32 o C 

day and 27 o C night temperature, and to revert to in- 

compatible after 24 hours at constant 21 o C (Townsend 

1966). This temperature sensitivity was found to be 

due to a single dominant gene not associated with the 

S-locus genotype. Similar results were observed with 
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two diploid clones of Trifolium hybridum L., and for 

one of these clones the site of the change in the incomp- 

atibility was demonstrated to be the style (Townsend 

1968). Townsend has suggested from these results that 

temperature may be acting as a switch in "turning on 

and ofF' the synthesis of an enzyme controlling the pro- 

duction of incompatibility substances in the style. 

Results are reported here which further character- 

ize the heat-induced inactivation of self-incompatibil- 

ity in Lilium longlflor~.The p r o g r e s s  of the h e a t - i n -  

duced inac t iva t ion  with r e s p e c t  to t r e a t m e n t  dura t ion  

was d e t e r m i n e d .  E x p e r i m e n t s  w e r e  a lso  des igned  to 

d e t e r m i n e  whe ther  o r  not the s t y l a r  s e l f - i n c o m p a t i -  

b i l i ty  function can r e c o v e r  a f t e r  heat  inac t iva t ion .  The 

e f f e c t i v e n e s s  of heat  t r e a t m e n t  of p r e - a n t h e s i s  s t y l e s  

for inactivating self-incompatibility was investigated. 

Finally, we have used the heat-induced inactivation 

of stylar self-incompatibility competence as atool for 

determining whether or not the pollen and style inter- 

interaction and underlying compatible and incompatible 

pollen tube growth have a reversible or non-reversi- 

ble influence on pollen tube growth rate. 

Materials and Methods 

Greenhouse grown plants of cultivars 'Ace' (A), 
'Nellie White' (NW), 'Croft' (C), and 'Georgia' (G) 
provided the flowers. Pollinations were made with 
fresh pollen obtained from flowers on the day of or the 
day after anthesis. The effect of heat treatment of the 
style upon the self-incompatibility reaction was assay- 
ed by measurement of pollen tube length in pistils fol- 
lowing the procedures developed by Ascher and Pelo- 
quirt (I966). Pistils were cut from the flowers near 
the base of the ovary and following pollination they 
were placed on moistened filter paper in 15-cm petri 
dishes at 24 °C during tube growth. After 48 hours in- 
cubation the pistils were longitudinally bisected with a 
razor blade and acetoearmine was distributed along 
the stylar canal. After a few minutes, the excess dye 
was blotted dry and the stylar canal, as viewed through 
the dissecting microscope, was gently stroked trans- 
versely with a dissecting needle in order to determine 
the location of pollen tube tips. The longest group of 
six or more tubes in each half-style was measured to 
the nearest millimeter and the average of two such 
values taken as the value for the single whole style. 
All measurements were made from the stigma sur- 
face to the tube tips in the style. 

Results and Discussion 

Kinetics of heat-induced inactivation 

The previous finding that immersion of the style of 

Lili~ longiflorum in 50 o C water for 6 minutes can 

inactivate the stylar incompatibility potential (Hopper, 
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Fig. 1. The increase in the mean pollen tube length in 
incompatible styles as a function of the duration of 
pre-pollination stylar heat treatment in 49 ° C water. 
The difference in mean length in treated styles minus 
the mean length in untreated styles is plotted. Pollen 
tube length was determined after 48 hours of growth 
at 24 ° C. Each difference is calculated from means 
based on pollen tube length in 4 or more styles 

Ascher and Peloquin 1967), prompted an inquiry into 

the relation between treatment duration and extent of 

inactivation. The experiment used to test this relation 

involved immersing the pistil in 49 o C water up to the 

base of the stigma for 0, I, 2, 3, 4, or 5 minutes. 

Immediately after treatment the pistils were self- 

pollinated and incubated at 24 o C. Pollen tube length 

was determined after 48 hours and this providedthe 

assay for the treatment effect on the stylar incomp- 

atibility. Seventeen individual experiments were car- 

ried out during a two year period. Due to limited 

numbers of flowers at some times not all treatment 

levels were included. However, pistils were assigned 

to each treatment group in an entirely random fashion. 

The progression of the heat-induced inactivation 

is illustrated in Fig. I. Increasing the duration of heat 

treatment up through 4 minutes results in an increa- 

sing extent of inactivation. The progressive nature of 

this dose-response relation indicates that the thres- 

hold is at some duration between 0 and I minute. This 

suggests, that whatever is being altered by heat is 

extremely heat sensitive at the 49 o C temperature. 

An idea of the approximate rate of the heat-induced 

inactivation can be gained by plotting the averages of 

the individual values for each treatment duration pre- 

sented in Fig. I. When this is done (not shown), the 

slope of the linear part of the curve extending from 
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0 min~ to 3 m i n .  i n d i c a t e s  a 9 m m  i n c r e a s e  in i n c o m p -  

a t i b l e  tube  l eng th  o c c u r r i n g  with each  1 m i n u t e  i n -  

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

b e t w e e n  c o m p a t i b l e  and i n c o m p a t i b l e  tube  l eng th  a f t e r  

48 h o u r s  of g r o w t h  at 2 4 ~  in s t y l e s  of ' N e l l i e W h i t e '  

i s  30 to  4 0 m m .  If the  v a l u e  35 m m  i s  t a k e n  as  t h e  

m e a n  d i f f e r e n c e ,  t h e n  the  r a t e  of h e a t - i n d u c e d  i n a c t -  

i va t i on  of t h e  s t y l a r  i n c o m p a t i b i l i t y  can  be  e x p r e s s e d  

on a p e r c e n t a g e  b a s i s  a s  [ ( 9 m m / m i n . ) ~ -  3 5 m m ]  • 100 = 

25 .7  7~/min.  d u r i n g  t he  f i r s t  3 m i n u t e s  of hea t  t r e a t -  

m e n t  in  49 o C hot  w a t e r .  

N o n - r e c o v e r y  of s t y l a r  i n c o m p a t i b i l i t y  c o m p e t e n c e  

In o r d e r  to d e t e r m i n e  w h e t h e r  o r  not the  h e a t - i n d u c e d  

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

i s  r e v e r s i b l e ,  e x p e r i m e n t s  e m p l o y i n g  a 4 8 - h o u r  d e -  

l ay  b e t w e e n  hea t  t r e a t m e n t  and s e l f - p o l l i n a t i o n  w e r e  

c a r r i e d  ou t .  Both  d e t a c h e d  p i s t i l s  and p i s t i l s  r e m a i n -  

ing a t t a c h e d  to the  p lan t  w e r e  u s e d .  F o r  t r e a t m e n t  of 

d e t a c h e d  p i s t i l s ,  t he  p i s t i l s  w e r e  e x c i s e d  f r o m  th e  

f l o w e r  t he  day of a n t h e s i s  and i m m e r s e d  in 49 o C w a -  

t e r  up to the  b a s e  of the  s t i g m a  fo r  5 m i n u t e s .  E a c h  

e x p e r i m e n t  i n v o l v e d  a m i n i m u m  of s i x t e e n  p i s t i l s ;  

e igh t  t r e a t e d  in 49 ~ w a t e r  and  e igh t  u n t r e a t e d .  F o u r  p i s -  

t i l s  f r o m  the  t r e a t e d  g roup  and  four  f r o m  the  u n t r e a t e d  

g roup  w e r e  s e l f - p o l l i n a t e d  i m m e d i a t e l y  a f t e r  the  t i m e  of 

t r e a t m e n t .  The r e m a i n i n g  four  p i s t i l s  of e a c h  g roup  w e r e  

p l a c e d  on m o i s t e n e d  f i l t e r  p a p e r  in  1 5 - c m  pet  r i  d i s h e s  at  

24 o C d u r i n g  the  4 8 - h o u r  de lay  p e r i o d ,  a f t e r  which  

t h e y  w e r e  a l so  s e l f - p o l l i n a t e d .  P o l l e n  tube  l eng th  in 

a l l  p i s t i l s  was  d e t e r m i n e d  a f t e r  48 h o u r s  g r o w t h  at 

2 4 ~  

The s a m e  b a s i c  2 • 2 f a c t o r i a l  d e s i g n  was  u s e d ,  

wi th  m i n o r  m o d i f i c a t i o n s ,  when  us ing  a t t a c h e d  p i s t i l s .  

T r e a t m e n t  in 49 o C w a t e r  was  a c c o m p l i s h e d  by s t r i p -  

p ing t he  t e p a l s  f r o m  d a y - o f - a n t h e s i s  f l o w e r s  and  i m -  

m e r s i n g  t he  s t i g m a  and s t y l e  up to t he  top of t he  o v a r y .  

A f t e r  t r e a t m e n t  the  s t i g m a s  w e r e  d ipped  in 10 % s u -  

c r o s e  s o l u t i o n  in o r d e r  to c o m p e n s a t e  f o r  p o s s i b l e  

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

g e r m i n a t i o n  of p o l l e n .  P i s t i l s  which  w e r e  to b e  i m m e -  

d i a t e l y  p o l l i n a t e d  w e r e  t h e n  e x c i s e d  f r o m  the  p l an t  and 

h a n d l e d  as  ou t l i ned  a b o v e ,  w h e r e a s  p i s t i l s  to b e  s e l f -  

p o l l i n a t e d  48 h o u r s  l a t e r  r e m a i n e d  a t t a c h e d  to t h e  p lan t  

u n d e r  24 ~ C c o n s t a n t  t e m p e r a t u r e .  As  a b o v e ,  d e t e r -  

m i n a t i o n  of p o l l e n  tube  l e n g t h  a f t e r  48 h o u r s  g r o w t h  in 

d e t a c h e d  p i s t i l s  i n c u b a t e d  at  24 o C s e r v e d  as  the  a s -  

s ay  f o r  t h e  e f fec t  of the  h e a t  t r e a t m e n t  a n d t h e  4 8 - h o u r  

de l ay  on t h e  s t y l a r  s e l f - i n c o m p a t i b i l i t y  c o m p e t e n c e .  

The da t a  in Table  1, i n d i c a t e  t ha t  no r e a c t i v a t i o n  

of the  s t y l a r  i n c o m p a t i b i l i t y  o c c u r s  in e i t h e r  d e t a c h -  

ed o r  a t t a c h e d  (on  t h e  p l a n t )  p i s t i l s  d u r i n g  a 4 8 - h o u r  

p o s t - a n t h e s i s  p e r i o d  fo l lowing the  h e a t - i n d u c e d  i n a c -  

t i v a t i o n .  

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

and n u t r i t i o n a l  c a p a b i l i t i e s  

It was  a l so  of i n t e r e s t  of d e t e r m i n e  w h e t h e r  o r  not 

s t y l a r  s e l f - i n c o m p a t i b i l i t y  e x p r e s s i o n  could  be  i n a c -  

t i v a t e d  by  hea t  t r e a t m e n t  p r i o r  to a n t h e s i s ,  s i n c e  the  

t i m i n g  of a n t h e s i s  i t s e l f  a p p e a r s  to h a v e  s i g n i f i c a n c e  

in the  d e v e l o p m e n t  of s o m e  s t y l a r  f u n c t i o n s .  F o r  ex -  

a m p l e ,  it i s  known tha t  the  s t i g m a t i c  exuda te  which  

is essential for pollen grain germination does not ap- 

pear until shortly after anthesis (Myodo 1962). Fur- 

thermore, even when stigmatic exudate is applied to 

pre-anthesis pistils prior to pollination the subsequent 

growth of compatible pollen tubes is severely retard- 

ed (Ascher and Peloquin 1966b; and Ascher 1967). 

Since the nutritional capacities of the style to support 

pollen tube growth are apparently not mature until 

anthesis, it is possible that the timing of anthesis may 

be of equal significance to the stylar self-incompat- 

ibility function. 

To test the effect of heat treatment of pre-anthesis 

styles the following experimental procedure was fol- 

lowed. Pistils were removed from unopened lily buds 

and those to be treated were immediately immersed 

in 49~ water up to the base of the stigma for 4 min- 

utes. Both the heat-treated pistils and the untreated, 

control, pistils were then maintained on moist filter 

paper in petri dishes at 24 0 C, and the stigmas were 

self-pollinated at 24 hours after the anthesis of the 

bud from which they came. Pollen tube length in these 

pistils was determined after 48 hours of incubation at 

24 o C. A control for any effect of pre-anthesis remo- 

val was provided by determination of incompatible pol- 

len tube length in pistils removed after anthesis. Re- 

moval of pistils from buds was accomplished by sim- 

ply making a slit in the side of the bud near its base 

and then transversely cutting the ovary and pulling the 

pistil out. Such manipulation does not interfere with 

the normal opening of the bud (Ascher 1967). It should 
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b e  n o t e d  h e r e  t h a t  e x u d a t e  a p p e a r s  n o r m a l l y  on s u c h  

p r e - a n t h e s i s  e x c i s e d  p i s t i l s  a f t e r  t h e  a n t h e s i s  of t h e  

bud  f r o m  w h i c h  t h e y  c o m e .  F u r t h e r m o r e ,  w h e n  p o l -  

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

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

a s  44 h o u r s  p r i o r  to a n t h e s i s  i s  t h e  s a m e  a s  in p i s t i l s  

of  t h e  s a m e  age  r e m o v e d  a f t e r  a n t h e s i s  ( H o p p e r  1970 ) .  

The e f f e c t  of  h e a t - t r e a t m e n t  of  p r e - a n t h e s i s  s t y l e s  on 

Tab le  1.  M e a n  p o l l e n  t u b e  l e n g t h  ( r a m )  a f t e r  a 4 8 - h o u r  i n c u b a t i o n  at 24 o C in  p r e t r e a t e d  and  
n o n - p r e t r e a t e d  p i s t i l s  i n c o m p a t i b l y  p o l l i n a t e d  i m m e d i a t e l y  a f t e r  o r  48 h o u r s  a f t e r  t h e  5 - m i n .  
h e a t  t r e a t m e n t  in 490 C w a t e r  

T i m e  of  p o l l i n a t i o n  f o l l o w i n g  h e a t  t r e a t m e n t  

Cultivar Immediately 48 hr. Delay 

D e t a c h e d  P i s t i l s  

A T r e a t  7 4 . 4  • .54 7 3 . 0  + .75  
C o n t r o l  4 3 . 6  + .55 4 5 . 9  • .69  

D i f f e r e n c e  3 0 . 8  27 .1  

G T r e a t  7 0 . 2  • .86 7 3 . 4  • .95 
C o n t r o l  4 6 . 1  +_ .87 4 5 . 7  • .64 

D i f f e r e n c e  24 .1  2 7 . 7  

C T r e a t  8 1 . 2  • 2 . 5  8 1 . 2  • 1 .38  
C o n t r o l  51 .1  • 1 .3  5 1 . 0  • 1 . 3 3  

Difference 30. I 30.2 

NW T r e a t  7 1 . 0  • .47 7 0 . 5  • 1 .50  
C o n t r o l  4 8 . 9  • .46 5 1 . 5  • .57 

D i f f e r e n c e  2 2 . 1  19 .0  

A 

NW 

Attached Pistils 

Treat 66.9 • .67 68.8-+ .70 
Control 40.9 • .52 43.6 +- .84 

D i f f e r e n c e  2 6 . 7  2 5 . 2  

T r e a t  7 2 . 0  • 1 .46  7 2 . 8  i 1 .32  
C o n t r o l  4 5 . 6  • .98 4 8 . 2  • .65 

D i f f e r e n c e  2 6 . 4  2 4 . 6  

Tab le  2 .  M e a n  l e n g t h  ( m m )  of  p o l l e n  t u b e s  a f t e r  48 h o u r s  g r o w t h  at 24 0 C in p r e t r e a t e d  and  
n o n - p r e t r e a t e d  i n c o m p a t i b l e  s t y l e s  e x c i s e d  f r o m  b u d s  O, 13,  18,  37,  and  39 h o u r s  p r i o r  to  
a n t h e s i s .  Al l  p o l l i n a t i o n s  w e r e  m a d e  24 h o u r s  a f t e r  bud  a n t h e s i s .  P r e t r e a t e d  s t y l e s  w e r e  
i m m e r s e d  in  49~  C w a t e r  f o r  5 m i n u t e s  i m m e d i a t e l y  a f t e r  b e i n g  e x c i s e d  f r o m  bud  and  all  
s t y l e s  w e r e  kep t  on  m o i s t  f i l t e r  p a p e r  in p e t r i  d i s h e s  at  24 o C un t i l  t i m e  of  p o l l i n a t i o n .  S e v e n  
a . m .  on  t h e  m o r n i n g  of  a n t h e s i s  w a s  t a k e n  a s  t h e  t i m e  of  a n t h e s i s  

Time at which styles 
were taken from bud 

S t y l a r  p r e t r e a t m e n t  

H o u r s  p r i o r  to  N o n - P r e t r e a t e d  P r e t r e a t e d  at 
C u l t i v a r  a n t h e s i s  ( C o n t r o l s )  49 o C,  5 m i n .  

A c e  

N e l l i e  W h i t e  

0 ' 4 3 ' '  • . 6 6 ' ' '  76 + .94 

18 55 + .79 74 • .65 
39 54 • .44 72 • 1 .02  

0 41 +- .52  75 • .60  

13 52 +_ .70  71 • .93  
37 50 • .85 74 +_ .63  

' S t y l e s  e x c i s e d  f r o m  o p e n  f l o w e r  on  t h e  day  of  o r  t h e  day  a f t e r  a n t h e s i s .  
' ' E a c h  m e a n  i s  b a s e d  on  v a l u e s  f r o m  no f e w e r  t h a n  5 s t y l e s .  
' ' ' S t a n d a r d  e r r o r  of  t h e  m e a n .  
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the s t y l a r  i ncompa t ib i l i t y  funct ion ,  as  t e s t ed  fo r  h e r e ,  

is  t h e r e f o r e  unconfounded by e f fec t s  on compa t ib l e  

pol len  tube g rowth .  

As is  i l l u s t r a t e d  in Table 2, h e a t - i n d u c e d  i n a c t i v a -  

t ion of the s t y l a r  i ncompa t ib i l i t y  is  ach ieved  as e a r l y  

as 39 hours  p r i o r  to a n t h e s i s .  A c o m p a r i s o n  of the 

48 -hour  po l len  tube length in s t y l e s  heat  t r e a t e d  at 

39, 37, 18, 13 o r  0 hours  p r i o r  to an thes i s  r e v e a l s  

that  the h e a t - t r e a t m e n t  g iven at t he se  d i f fe ren t  t i m e s  

is  of s i m i l a r  e f f e c t i v e n e s s  in inac t iva t ion  of s t y l a r  in-  

c o m p a t i b i l i t y .  Since  all  po l l ina t ions  w e r e  made  at 24 

hours  a f t e r  bud an thes i s  the incompa t ib i l i t y  function 

of the s ty le  had as long as 63 hou r s  (39 plus  2 4 ) h o u r s  

in the 39-hour  p r e - a n t h e s i s  t r e a t m e n t  in which to r e -  

c o v e r  if it was able to .  Obvious ly  t h e r e  a p p e a r s  to 

have  been  no r e c o v e r y  ( c o m p a r e  the i ncompa t ib l e  po l -  

len tube lengths  in t r e a t e d  s t y l e s ,  Table 2, w i thpo l l en  

tube lengths  fo r  NW and ' A c e '  in the t r e a t e d ,  i m m e -  

d ia t e ly  po l l ina ted  s t y l e s ,  Table 1 ) .  

F r o m  the se  r e s u l t s  it can be conc luded  that the 

t iming  of an thes i s  and s t i g m a  exudate  f o r m a t i o n  is  in-  

dependent  of the s e n s i t i v i t y  of the s t y l a r  i ncom pa t ib i -  

l i ty  to hea t .  

Ano the r  i n t e r e s t i n g  aspec t  of the data  in Table 2 

is the s l igh t ly  i n c r e a s e d  growth of i ncompa t ib l e  tubes  

in un t r ea t ed  s ty l e s  r e m o v e d  f rom the bud p r i o r  to an-  

t h e s i s  c o m p a r e d  to the growth of tubes in un t rea ted  

s t y l e s  r e m o v e d  a f t e r  a n t h e s i s .  Apparen t ly  the s t y l a r  

s e l f - i n c o m p a t i b i l i t y  r e s p o n s e  is  weakened  s l ight ly  in 

s ty l e s  r e m o v e d  f rom buds p r i o r  to a n t h e s i s .  The e f -  

fect  i s  s i m i l a r  whe the r  s t y l e s  w e r e  r e m o v e d  at 13 o r  

18 hours  c o m p a r e d  to 37 and 39 hours  p r i o r  to an the-  

s i s .  This aspec t  of the data s u g g e s t s  that the full s t y -  

l a r  s e l f - i n c o m p a t i b i l i t y  compe t ency  may  be dependent  

upon cont inued s t y l a r  a t t achment  to the plant dur ing 

the p r e - a n t h e s i s  p e r i o d .  In t e r m s  of the deve lopment  

of the s t y l a r  i ncompa t ib i l i t y  e x p r e s s i o n  dur ing f lo ra l  

d e v e l o p m e n t ,  th is  aspec t  of the data  may  be wor thy of 

f u r t h e r  i nves t i ga t i on .  

Reversibility of pollen tube growth mode 

In the experiments utilizing heat treatment of partial 

lengths of styles an attempt was made to determine 

the reversibility of the pollen and style interactions 

underlying the differential pollen tube growth in in- 

compatible compared to compatible styles. Normally, 

at 24 o C, no difference between compatible and incomp- 

at ib le  pol len  tube length can be de t ec t ed  within the up-  

pe r  16 m m  ( a p p r o x i m a t e l y  16 hours  of tube g r o w t h ) o f  

the s t y l e .  The m e a s u r a b l e  e x p r e s s i o n  of s e l f - i n c o m p -  

a t ib i l i ty  in t e r m s  of d i f f e ren t i a l  pol len  tube growth 

r a t e s  begins  to appea r  only a f t e r  the tubes  h a v e g r o w n  

through 16 to 25 mm of the s t y l a r  length ( A s c h e r  1967; 

and Table 3 ) .  F u r t h e r m o r e ,  t h e r e  i s  no po l a r i t y  wi th-  

in the s ty le  af fec t ing  this  r e l a t ion  ( A s c h e r  1967).  B e -  

yond about 25 mm of pol len tube and s ty le  contact  t h e r e  

begins  a m a r k e d  a c c e l e r a t i o n  in growth r a t e  of c o m p -  

a t ib le  pol len tubes  and a s l ight  p r o g r e s s i v e  d e c r e a s e  

in the r a t e  of incompa t ib l e  tubes  (Myodo 1951; A s c h e r  

1967).  The ques t ion  which was asked  h e r e  is  whe ther  

th is  t r an s i t i ona l  i n t e rva l  is m a r k e d  by any c o m p l e t e  

and i r r e v e r s i b l e  pol len  and s ty le  i n t e r ac t i ons  such that 

once  a spec i f i c  i n t e r ac t i on  ( compa t ib l e  o r  i n c o m p a t i -  

b le )  o c c u r s ,  the pol len tube growth r a t e  is  des t ined  to 

be I00 ~ compatible or 100 ~ incompatible regardless 

of the type of stylar environment encountered by the 

pollen tube further down the stylar canal. 

The experiments designed to answer this question 

involved heat treatments of partial lengths of styles. 

In the first set of experiments only the upper length 

of the style and stigma were immersed in the 49 o C 

water for five minutes. This resulted in a style having 

a physiologically inactive self-incompatibility poten- 

tial in its upper length first traversed by pollen tubes, 

but a physiologically active incompatibility potential 

throughout its lower length. In the second set of ex- 

periments the procedure was reversed; heat treat- 

ment being given only to the lower length of the style, 

thus resulting in a style having an active incompati- 

bility in the upper length, but an inactivated incomp- 

atibility potential in the lower length. In both sets of 

experiments the detached styles were pollinated with 

genetically incompatible pollen immediately after the 

heat treatment. Pollen tubes length was determined 

after 48 or 72 hours growth at 24~ 

The results are presented in Tables 4 and 5. The 

data in Table 4 illustrate that pollen tubes which have 

grown first through as much as 45 mm of a physiolo- 

gically compatible length of the style (heat-inactiva- 

ted) still show a depression in growth rate upon sub- 

sequently entering a physiologically incompatible length 

of the style. This indicates that the pollen and style 

interactions at the basis of the compatible type high 

growth rate occurring duringthe first 45 mm through 

the style do not impose a complete and irreversible 
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( a l l - o r - n o n e  t y p e )  i n f l u e n c e  o n  p o l l e n  t u b e  g r o w t h  

r a t e .  

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

s e n t e d  in  T a b l e  5 .  It i s  o b v i o u s  t h a t  p o l l e n  t u b e s  c a n  

s t i l l  m a k e  a t r a n s i t i o n  f r o m  low g r o w t h  r a t e t o  a h i g h -  

e r  g r o w t h  r a t e  a f t e r  t r a v e r s i n g  a s  m u c h  a s  40 to  45 

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

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

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

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

t h e  b a s i s  of  t h e  i n c o m p a t i b l e  t y p e  low g r o w t h  r a t e  do 

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

t u b e  g r o w t h  r a t e .  

J . E .  H o p p e r  a n d  S . J .  P e l o q u i n :  A n a l y s i s  of  S t y l a r  S e l f - I n c o m p a t i b i l i t y  C o m p e t e n c e  

B o t h  s e t s  of  d a t a  t a k e n  t o g e t h e r  i n d i c a t e  t h a t  a t  

24 o C t h e  n o r m a l  a p p e a r a n c e  of  d i f f e r e n t i a l  p o l l e n t u b e  

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

u p p e r  16 to 25 m m  of t h e  s t y l e  i s  no t  b a s e d  on  p o l l e n  

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

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

It  i s  i n t e r e s t i n g  to  n o t e  t h a t  in  t h i s  r e s p e c t  t h e  i n -  

t e r a c t i o n  b e t w e e n  p o l l e n  a n d  p i s t i l  i n  Lilium longi- 

floz~v~ d i f f e r s  f r o m  t h a t  in  t h e  s e l f - i n c o m p a t i b l e  s p e -  

c i e s ,  Arabis arenosa a n d  Brassiea nigra. K r o h  ( 1 9 6 6 )  

h a s  s h o w n  t h a t  in  t h e s e  Crucifera s p e c i e s  an  i r r e v e r -  

s i b l e  a c t i v a t i o n  of g e n e t i c a l l y  c o m p a t i b l e  p o l l e n  b y  

t h e  s t i g m a  v s .  a l a c k  of  a c t i v a t i o n  of  g e n e t i c a l l y  c o r n -  

Table 3. Mean length (ram) of pollen tubes determined at 13, 18, or 22 hours after compatible 
and incompatible pollination of one day old pistils of cultivar 'Georgia'. Incubation temperature 
during tube growth was 24 e C 

No. of hrs. after pollination Type of pollen/style combination 
Compatible Incompatible 

13 12 ' +-.63 '' 13 + .45 
18 22 • .37  22 + . 50  
22 28 + .48  23 -+ .32  

' E a c h  m e a n  i s  b a s e d  on  v a l u e s  f r o m  not  f e w e r  t h a n  4 s t y l e s .  
' ' S t a n d a r d  e r r o r  of  t h e  m e a n .  

T a b l e  4 .  M e a n  l e n g t h  ( m m )  of  p o l l e n  t u b e s  a f t e r  48 h o u r s  g r o w t h  at  2 4 ~  in  d e t a c h e d  i n c o m -  
p a t i b l e  pistils which were either partially treated or completely treated in 49 o C water for 5 
rain. immediately prior to pollination. Only the upper lengths of the partially treated pistils 
extending from the stigma surface to a point below on the st#le were immersed in the hot wa- 
ter. Cultivar - ' Ace ' 

P o l l e n  t u b e  l e n g t h  ( m m )  in  p i s t i l s  

Top length (mm) of Partially treated Untreated pistils Completely treated 
pistil treated at 49 o C pistils (controls) pistils 
for 5 rain. 

20 43 ' + 1 . 7 0  ' '  45 + 2 . 0 0  82 + 1 . 1 1  
30 47 + 1 . 4 5  44 +- 1 . 1 8  
40 61 +_ 2 . 2 3  46 • 1 . 3 9  79 +_ 1 . 2 1  

' Each mean is based on values from no fewer than 3 styles. 
' ' Standard error of the mean. 

Table 5. Mean length (mm) of pollen tubes after 48 or 72 hours growth at 240 C in detached in- 
compatible pistils which were partially treated in 49 o C water for 5 minutes immediately prior 
to pollination. Only the lower lengths of the partially treated pistils extending from some point 
below the stigma to the lower cut end of the ovary were immersed in the hot water. Cultivar- 
' Ace ' 

Hours of growth Top length (mm) of Tube length in partially Tube length (mm) in un- 
pistil not treated treated pistils treated pistils (controls) 

48 20 - 25 70 ' + 1 . 7 0  ' '  43 +- 1 . 7 9  
72 40 - 45 79 + 2 . 1 6  62 +- 1 . 1 9  

' Each mean is based on values from not fewer than 6 styles. 
' ' Standard error of the mean. 
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pa t ib le  pol len  is  the m e c h a n i s m  under ly ing  d i f fe ren t ia l  

pol len tube growth.  Since genet ic  cont ro l  of s e l f - i n -  

compa t ib i l i t y  in these  Gruaiferae spec i e s  is  spo rophy-  

t ic  whe reas  that in Lilium appea r s  to be gametophy-  

t i c ,  it i s  pos s ib l e  to specu la te  that the opera t iona l  

d i f fe rence  be tween the two in the pol len  and p is t i l  i n -  

t e r a c t i o n s  may be a c h a r a c t e r i s t i c  d i f fe rence  between 

the sporophyt ic  and the gametophyt ic  s y s t e m .  
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