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Self-compatible and -incompatible Reactions in Asiatic Hybrid Litiwm X
'Enchantment': Influence of Pistil Age on Seed Set
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Summary

Cross'poll ination (I . hybrid 'Enchantment' 
x L. moculatum Thrnb.) was made before or

after anthesis. The receptivity of pisti ls was observed from 6 days before anthesis (day
- 6) to 6 days after f lowering (day * 6). on crossing made on day 0, the number of ma-
ture seeds was 185 per capsule, whereas those on day * 2 yielded 236 seeds per cap-
sule. Flowers self-poll inated on day 0 yielded no seeds, and the ratio of pollen-tube
length / style-length in the pisti l  was 0.85. Numerous abnormal pollen tubes with swol-
len or deformed bulbous tips with delayed generative nuclear division were observed
compared wi th f lowers sel fed on day *3.  Sel f -pol l inated f lowers on day -3,  -  z ,  - r ,
+1 '  +2,  +4,  and *6 developed capsules.  Capsules f rom day *6 f lowers produced 46
mature seeds, whereas the others yielded only 1 3 to 27 seeds per capsule. These find-
ings show that I . X 'Enchantment' 

is a relatively weak self-incompatible cultivar. When
seeds resulting from flowers self- or cross-poll inated at different stages were planted, dif-
ferences in germination time and final germination percentage were observed. Of the
cross 'pol l inated mature seeds made on day 0,75% germinated;  of  the sel f -pol l inated
seeds made on day +2,72% germinated,  whereas those made on day - t6,  only  44%
germinated.

Introduction

Since J.  de Graaf f  (1947) bred Asiat ic  hybr id
Li l ium X 'Enchantment ' (Shimizu,  

1971),  the hybr id
has been cul t ivated as a popular  garden p lant ,  pr i -
mar i ly  because they bear several  large,
nastur t ium-red,  upr ight  chal ice-shaped f lowers.
The hybr id has a lso been used as a parent  in  the
breeding of  Asiat ic  hybr id l i l ies (Shimizu,  I97I)
because i t  bears bulb i ls  which s i rnpl i fy  propaga-
tion of Lil ium sp. and has a moderate resistance to
Fusar iun,  a d isease which in fects the bulbs and
roots (Straathof ,  e t  a l .  1993).  These character is-
t ics are advantageous to l i ly  breeders;  the l i ly  is
heterozygous and breeders are st r iv ing ro a
homozygous l ine wi th desi rable t ra i ts  through sel f -
po l l i na t i on .  Un fo r tuna te l y ,  L .  X 'Enchan tmen t '
produces no mature v iable seeds by sel f -pol l ina-
t ion at  anthesis  (Cheng and Mattson Ig72;  van
Tuy l  e t  a l . ,  1982 ;  L i  and  N i im i ,  19gS) .  By  cu r -
sty le pol l inat ion (L i  and Ni imi ,  l99b)  and cul t ivat -

ing mother plants in a greenhouse at 26 'C (van
Tuyl  et  a l . ,  1982) several  mature seeds can be
obta ined in th is  l i ly .  This  s tudy was made to de-
termine the most  ef fect ive pol l inat ion t ime in
obta in ing as many v iable seeds as possib le by sel f -
and cross-pol l inat ion in  th is  var iety .  Thus,  pol -
l ination was made at different stages of f lowering
to investigate pollen germination on the stigma,
tube growth in  the sty le,  and t ime of  sperm cel l  d i -
v is ion in  pol len tubes.

Materials and Methods

Bulbs of  Asiat ic  hybr id L .  X 'Enchantment '  
and

L. maculaturn were planted in clay'pots in the fall
and a l lowed to overwinter .  Af ter  the bulbs
sprouted, the pots were transferred to a glass-
house,  where the n ight /day temperatures,  10-20
"C /  15-25 "C,  respect ive ly ,  f luctuated depending
on the weather  dur ing pol l inat ion.

Experiment 1. SeIf. and Cross.pollination at different
stages of pistils

Anthers in  f lower buds of  the t .  X 'Enchant-Received;  Jahuary 11,  1996.  Accepted;  Apr i l  22,  1996.
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ment '  were removed before pol l inat ion.  The p is t i ls

were hand-sel f -  or  cross-pol l inated ( t  .  X 
'Enchant-

ment' x L. maculatwrm Thunb.) with freshly col-

lected pol len.

Sel f -  and cross-pol l inat ion were made at  several

stages from 7 days before (day - 7) to 8 days af-

ter  f lower ing (day *  8) .  The stages of  p is t i ls  pol '

l inated before anthesis  were then determined

based on day 0.  For  each stage,  3 to 11 f lowers

were crossed (Table 1)  or  4 to 23 f lowers were

sel f -pol l inated (Table 2)  on d i f ferent  p lants.  En-

larged capsules were harvested 10 weeks af ter

pol l inat ion,  and the number of  mature and empty

seeds was ident i f ied by the fo l lowing method:

seeds were spread on a t ransparent  g lass,  and fu l -

ly  developed seeds wi th an embryo and endosperm

were d iscerned f rom empty seeds through the

transmit ted l ight .

Germinat ion tests of  mature seeds were made as

fo l lows:  5 seeds were sown in soi l  (vermicul i te  and

s a n d : 1  :  1  v / v )  i n  a  1 0 . 5  c m  x  1 0 . 5  c m  p l a s t i c

pot ;  and 5 pots were used for  each t reatment .  The

pots were kept  in  a growth chamber at  23/  15 
'C

(dayln ight)  under a 16-hr  photoper iod.  The f re-

quency o{  seed germinat ion was recorded every 5

days for  40 days.

Experiment 2. Obseruations of pollen gennination on

stigma, pollen-tube groutth, and spenn'

cell diuision in pistils self-pollinated

on day 0 ond daY *3

1) Pollen germination on stigma

Three to 9 f lowers sel f 'po l l inated on day 0 and

day *  3 were col lected 1,  6,  and 24 hr  af ter  pol -

l inat ion.  St igma wi th s ty le t issue,  about  1 cm long,

were f ixed in  a modi f ied Karnovsky 's  solut ion

(Takeoka and Wada,  1985) at  4 "C lor  12 hr '  Af -

ter  r ins ing the specimen in phosphate buf fer  so lu-

t ion (pH 7.2) ,  dehydrat ing in  a graded ethanol  and

3-methylbuty l  acetate,  and cr i t ica l -point  dry ing

wi th COz in an ABT cr i t ica l  point  dryer  CP-SA,

they were coated wi th gold and observed in a

Model  ABT-55 scanning e lect ron microscopy

(Akashi  beam technology Co.)  at  15 kV.

2) Polten-tube growth and spenn'cell diuision in self-

pollinated styles

Th ree  to  9  f l owers  we re  co l l ec ted  12 ,  24 ,  32 '

48,  72.  96,  120,  and I44 hr  af ter  pol l inat ion.

Styles with stigmatic tissue attached were dis-

sected from flowers and fixed in FAA (ethyl alco-

hol  70% solut ion :  formaldehyde 37% solut ion :

acet ic  ac id 99.7% solut ion:9O :  5 :  5  v /v)  and

stored at room temperature unti l microscopically

examined. The entire length of f ixed styles from

the top of the stigmatic tissue to the base of a

sty le ranged f rom 40 to 51 mm; the average sty le

length was about 45 mm.

The f ixed sty les were washed in tap water  for  1

hr ,  fo l lowed by immersion for  about  40 min in  a 1

N solution of NaOH at 60 
'C 

and washed with tap

water. To observe the growth of pollen tubes and

thei r  forms wi th specia l  reference to thei r  t ips,  the

hol low sty les were d issected us ing methods de-

sc r i bed  i n  a  p rev ious  pape r  (N i im i ,  1991 ) :  ( 1 )  a

sharp razor blade inserted into the style at the

base of  s t igma and inc ised c i rcu lar ly ;  (2)  the sty-

lar t issue was longitudinally cut through from the

top to the base;  and (3)  the bundles of  pol len tubes

inc luding those at tached to the sur face layer  of  the

sty lar  canal  were removed f rom the sty lar  t issue

by p ick ing up the .s t igma wi th a pai r  of  forceps.

The bundles,  s ta ined by methods descr ibed below,

were observed under f luorescence microscopy.

(1) Detertnination of pollen-tube length and frequency
of deformed Pollen tubes.

The sof tened sty les were sta ined for  12 hr  in

ani l ine b lue solut ion (Kho and Ba€r,  1968).  The

pol len tubes were st ra ightened as much as possi -

b le wi th the a id of  a s t reaming 45% glycer in (v /v)

solut ion for  f luorescence microscopy (Merck) .  Af '

ter  mount ing the bundle wi th a micro-cover  g lass,

both the length of the ten longest pollen tubes and

the f requency of  abnormal  ones wi th swol len or

deformed bulbous t ips were determined using a

stage micrometer .  Three to 7 sty les were mea-

sured for each treatment. Based on the average

length of  pol len tubes observed in each sty le,  the

rat io  of  tube length to s ty le- length was calculated.

(2) Obseruation of sperm-cell d'iuision in growing pol'

Isn tubes

Three to 7 softened styles per treatment were

washed in running water  for  48 hr  and then

r insed 6 t imes wi th d is t i l led water .  A bundle of

pol len tubes removed f rom the sty lar  t issue was

transferred onto a s l ide-g lass in  humidi f ied petr i

d ishes and sta ined wi th a c i t rate buf fer  so lut ion



(pH 4)  conta in ing 1 mg. l i ter -1 DAPI (4 '  6-

d iamidino-2-phenyl indole '  2HCl)  and I  % polyoxy-

ethy lene (10)  octy lphenyl  ether .  The bundles were
kept  for  4 hr  in  an incubator  held at  37 "C and
DAPI was dr ipped onto them hour ly .

Results

(1) Cross-pollination

1) Seed yield

Pisti ls of f lowers cross-poll inated at day - 6 to
day *  6 y ie lded mature seeds (Table 1) ;  6  mature

seeds per  capsule were obta ined f rom f lowers

crossed on day -  6;  the y ie ld per  capsule in-
creased gradual ly  in  the p is t i ls  toward day 0.  The

tota l  number of  mature and empty seeds per  cap-
sule was about  300.  The h ighest  number of  ma-

ture seeds (236 seeds per  capsule)  was obta ined
from f lowers crossed on day *2.

2) Seed germination

The most  rapid germinat ion was observed in

seeds col lected f rom f lowers crossed on day 0,  and
the germinat ion rate 40 days af ter  sowing was
75% .  F lowers cross-pol l inated on day *  a de-
veloped more seeds per  capsule than d id those of
day 0, but the germination rate was only 40%
(Fig.  1) .

Table 1. Number of capsules and seed set from flowers of
t. X 'Enchantment' 

cross-poll inated at different
floral stages.
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(2) Self-pollination

1) Seed yield

Self-poll ination was made between day - 7 to

day *  8 (Table 2) .  F lowers pol l inated at  day 0 re-

sul ted in  no capsules.  About  48 to 100% of . f low-

ers sel fed on day -  3 to *  6 developed capsules;

the maximum number of  mature seeds (46 seeds

1 0  1 5  2 0  2 5  3 0  3 5  4 0
Days after sowing

Fig. 1. Cumulative percentage germination of seeds
yielded from cross-pol l inated f lowers of l .  X 'En-

chantment'xL. rnatulatum on day 0 ( l) ,  day * 4
(O), and day * 6 ( ).  The vert ical bars indicate
standard errors.

Table 2. Number of capsules and seed set from flowers of
t. X 'Enchantment' self-poll inated at different
floral stages.
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per capsule)  was y ie lded f rom pis t i ls  se l fed on day
* 6,  but  the capsules in  each t reatment  had many

empty seeds.

2) Seed ge"lrlination

About  72% of .  the mature seeds obta ined f rom

the p is t i ls  se l fed on day -  2 germinated.  However,

in  the p is t i ls  se l fed on day *  6,  only  44% of  the

mature seeds germinated (F ig.  2) .

(3) Cwnparison of pollen-tube growth in the styles self-
poll inated at day 0 and day *3

7) Pollen gennination on stigma

Almost  a l l  s t igmat ic  papi l lae swel led wel l  on

day 0 (F ie.  3 A) ,  whereas those of  day *  3 had

wi l ted (F ig.  3 D).  Pol len germinat ion on the st igma

on day 0 began late compared with that which ger-

minated on the st igma on day *  3;  the pol len ger-

mination and the tube growth of day 0 flowers

were in fer ior  to  the la t ter  when observed 6 (F igs.

3 B, E) and 24 hr (Figs. 3 C, F) after poll ination.

2) Tube growth in the style

Whether  pol l inated at  anthesis  or  3 days la ter ,
pol len tubes in  the sty les showed l i t t le  d i f ference

in length when observed 24 hr  af ter  pol l inat ion.

Thereafter the growth of tubes in the former

sty les was gradual ly  delayed and a lmost  s topped

1 0  1 5  2 0  2 5  3 0  3 5  4 0
Days after sowing

FiS. 2. Cumulative percentage germination of seeds
yielded from f lowers of. L .  X'Enchantment'  self  -pol-

l inated on day -2 ( l) ,  dav +2 (O), day *4 (A),

and day -t 6 ( x ). The vertical bars indicate stan-
dard errors.

48 hr after poll ination (Fig. 4 A). Pollen tubes in

the styles poll inated on day * 3 continuously grew

well and reached the base of the styles 48 hr after
pol l inat ion (F ig.  a B) .

3) Abnormal pollen-tubes

In the p is t i ls  pol l inated at  anthesis ,  abnormal

tubes wi th swol len or  deformed bulbous t ips were

frequently observed in the styles at different t imes

after poll ination (Fig. 5). The number of abnormal

tubes gradual ly  increased wi th t ime,  eventual ly

reaching 44% ,  72 hr  af ter  pol l inat ion,  whereas

only 15% of .  the pol len of  day *  3 had abnormal
pol len tubes (F ig.  6) .

4) Diuision of generatiue cell

Generat ive cel l  d iv is ion was f i rs t  observed 12

hr af ter  pol l inat ion (Table 3) .  In  p is t i ls  pol l inated

on day *  3,  a l l  po l len tubes had two sperm cel ls

and one vegetat ive cel l  ( '2S + V' )  36 hr  af ter  pol -

l inat ion,  whereas in  the p is t i ls  pol l inated at  anthe-

s is ,  the generat ive cel l  d iv is ion was delayed s igni f -

i can t l y  so  t ha t  on l y  10% naa '2S+V '  36  h r  a f t e r

pol l inat ion;  thei r  number increased to 94% I44

hr af ter  pol l inat ion.

Discussion

Receptiuity

Seed y ie ld in  p lants depends on pol len qual i ty

and female recept iv i ty .  T imes favorable to pol l ina-

t ion seem to be easi ly  determined by the number

of  seeds obta ined by pol l inat ing female f lowers at

d i f ferent  t imes.  Our resul ts  show that  the female

recept iv i ty  of  the I  .  X 'Enchantment '  began at  a

re lat ive ly  ear ly  s tages of  p is t i l  development  and

remained so for  about  10 days.  Addi t ional ly ,  the

product ion of  mature seeds in the f lowers of  day

* 1,  day *2 and day *4 was found to be h igher

than that  in  the f lowers of  day 0 (Table 1) .  This

indicates that  the p is t i ls  of  I  .  X 'Enchanment '

reach opt imum recept iv i ty  dur ing a per iod fo l low-

ing anthesis. Cross-poll ination in L. longiflorum
'Ace'  was ef fected f rom day -  1 to day *  9 (Ascher

and  Pe loqu in ,  1966 ) .

Leopold and Kr iedemann (1975) c i ted that  in

some species the recept ive condi t ion of  the ovary

is  ind icated by the exudat ion of  a v iscous mater ia l

on the st igma. Janson et  a l .  (1994) repor ted that  in

L. longiflorum , the exudate covers the entire stig-
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the stages of day 0 (A, B, C) and day + 3 (D,

hr (C, F) after self-pollination, respectively
Fig。3.Scanning electron micrographs of

E,F)ObserVations were made l hr

stigmas self-pol l inated at
(A, D), 6 hr (B, E) and 24

ma on  day  *  2 ;  l ch imura  and  Yamamoto  (1992 )

found that  the exudate cont inuously increases in

the sty le unt i l  day *  7.  According to our  macro-

scopic observat ions,  exudates rare ly  appeared on

the st igma of  L.  X 
'Enchantment '  pr ior  to  or  at

anthesis  and the top of  s t igma began to be covered

by the exudates f rom day *  1 to day *  2 (unpub

l ished data) .

Based on our  resul ts  and those of  Ascher and

Pe loqu in  (1966 ) ,  I ch imura  and  Yamamoto  (1992 ) ,

and Janson et  a l .  (1994),  pol l inat ion o l  L i l i t tm spp.

at  post-b loom stages is  more favorable for  the pro-

duct ion of  v iable seeds than pol l inat ion at  anthe-

S I S .

Self -incomFatibility

Our resul ts  show that  on pol l inat ion made on

day 0,  pol len germinat ion and tube growth were

retarded and that  no v iable seeds were obta ined'

compared wi th pol l inat ion made on day + 3 (F ie

3.  Table 2) .  These f ind ings agree wi th those of

Cheng  and  Ma t t son  ( I 972 ) ,  van  Tuy l  e t  a l .  ( 1982 ) '

and  L i  and  N i im i  (1995 )  Fu r the rmore ,  i n  se l f - i n -

compatible plants I '. Imgiflorum 
'Georgia' and
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Fig. 4. Pol len tube growth in the styles of L X 'Encharrt-

ment'  f lowers self-pol l inated at anthesis (A) and on
day * 3 (B). ( I  ) :  style tengrh. ( |  ) :  pol len tube
length. The vert ical bars indicate standard errors.

'H inomoto '  (L i  and Ni imi ,  1995) and Petunia spp.
(Unal ,  1986;  Yasuda,  1929),  the percentase of
abnormal  pol len tubes was h igher  in  sel f -pol l in-
ated p is t i ls  than in cross-pol l inated ones.  F inal ly ,
generat ive cel l  d iv is ion was delayed in p is t i ls  pol

l inated at  anthesis  compared wi th in  those on day
* 3.  Unal  (1986) observed that  in  the pol len tubes

t2 .24 36 4E 72 96 120 t4
Hours after pollination

Fig. 6. Percentage of abnormal pol len tubes of I  X 'En-

chantment'observed at dif ferent t imes after being
se l f -po l l ina ted  a t  an thes is  ( l )  and on  day  +3 (W)
In the latter no tests were made on and after 96 hr
The vert ical bars indicate standard errors
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len tube ( left  arrow) and two pol len tubes with a swollen t ip: (B) J8 hr, pol lcn tubes with a protuberalt  t ip
( left  arrow) or protttberattce formed at a rc'gion zrwzry from a pol len tube t ip (r ight arrow); ancl (C) 22 hr, a
pol len tubt '  with a f ishhook-l ike t ip Bars reprtsent 50 sm.
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Table 3.  Relative pollen tube length (RPTL)and pollen tubes having one generative ce‖

and one vegetative cell(G tt V)and 2 sperm cells and one vegetative cell(2S+V)

in the styles of L.X `Enchantment' lowers sel←pollinated at anthesis and on day+3.

841

Styles pollinated at anthesis Styles pollinated on day + 3

Hours after No.styles RPrL

polhnadon ObseⅣ ed (%)

Pollen tubes with

G + V  2 S + V

( % )   ( % )

No. styles RFrfL
observed (Yo)

Pollen tubes with

G + V  2 S + V

( % )   ( % )
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7

3

7

7

5

7

5

3 4± 9  9 3± 5

59± 1 94±  3

70± 3  90±  8

8 4± 2  2 3± 1 3

8 6± 3  1 3± 8

8 8± 2 . 1 4± 5

9 2± 1  7± 4

9 2± 2  6± 4

7土

6士

1 0土

7 7±

87士

8 6土
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6
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4

5

5

5

7

0
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100
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*

*

*

RmL : (pollen-tube length/entire style-length) x 100.
* | no tests were made.

of. P. hybrida , mitosis occurred in incompatible
tubes la ter  than in compat ib le.  ones.  Our observa-
t ions g ive no c lear  ev idence that  some re lat ion-
ships ex is t  between the delay of  generat ive cel l  d i -
v is ion in  the pol len tubes and the sel f - incompat i -
b i l i ty  react ion.  Laf leur  and Mascarenhas (1978)
showed that  the RNA synthesis  inhib i tor ,  act i -
nomycin D,  prevents the d iv is ion of  generat ive

cells in the Tradescantia pollen tubes. Therefore,
in  the p is t i ls  of  l .  X 'Enchantment '  pol l inated at
anthesis ,  RNA and/or  prote in synthesis  which are
required for  generat ive cel l  d iv is ion may not  prog-
ress smoothly .

We conclude f rom these f ind ings that  I .  X 'En-

chantment '  is  a weakly sel f - incompat ib le cul t ivar .

Seed uiability

Di f ferences in  mature seeds among those f rom
sel fed and crossed f lowers at  d i f ferent  s tages were
qui te ev ident .  Seeds f rom pis t i ls  which had been
sel f -pol l inated on day -  2 or  cross-pol l inated on
day 0 had the h ighest  percent  v iabi l i ty .  The d i f fer-
ences in  seed v iabi l i ty  among those p is t i ls  pol l in-
ated at different f loral stages may be partly attrib-
utable to the select ion of  pol len tubes.  Mulcahy
and Mulcahy (1975) ment ioned stat is t ica l ty  s igni f -
icant  d i f ferences in  germinat ion t ime and seedl ing
weight  when pol l inat ion was made e i ther  on the
t ip  or  the basal  por t ion of  the st igmat ic  sur face in
Dianthus chinensis, and they suggested that the
qual i ty  of  the F1 generat ion cai l  be modi f ied by

compet i t ion among pol len tubes.  We postu lated
that  when sel f -  and cross-pol l inat ion are made a
few days after anthesis or under conditions favor-
able for  tube growth,  pol len tubes bear ing undesi r -
able character is t ics succeed in fer t i l iz ing the egg
because compet i t ion among pol len tubes is  re l -
at ive ly  weak.  Consequent ly ,  some ovules f i l led
s l ight ly  were weak and rare ly  germinated.  Fur ther
studies are needed to fu l ly  support  our  postu la-
tion.
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摘

本研究では,ア ジアテイ ックハイプ リッド品種
`エ

ンチ ャン トメン ト
'の

受容性 と自家不和合性反応 を開

花 7日 前から開花 8日 後までの苦または花に受粉 して

調査 した.
`エンチ ャントメン ト

'×
イワユ リ (L.π ασ%ια″π)

の交雑受粉の結果,開 花 6日 前から開花 6日 後 までの

雌ずいは健全な有胚種子 を形成 し,開 花前 日,開 花 1,

2,4日 後に受粉 した場合,完 熟種子数は開花当 日に

受粉 した場合 より多 く得 られ,開 花 2日 後の雌ずいは,

さく果あた り236粒の種子を生 じた.
`エンチ ャン トメン ト

'の
自家受粉では,開 花当日で

は種子 は形成 されず,花 粉管は花柱長の約 85%し か

伸びなかった。そ して開花 3日 後に受粉 した場合 と比

較 して,花 粉管の先端が異常に肥大 した り,奇 形 とな
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要

った花粉管の割合が高く, また生殖核の分裂が遅れた。

開花 3日 前から開花 6日 後までに受粉された雌ずいは,

開花当日を除いてすべての処理区でさく果を形成 し,

開花 6日 後の雌ずいは46粒 の完熟種子を,他 のもの

は 10数粒から20数粒の完熟種子を形成した。

自家受粉あるいは交雑受粉で得られた完熟種子を播

種 してそれらの発芽力を調べたところ:そ の発芽開始

日および播種 45日 後の発芽率に違いがあった。交雑

受粉では開花当日に受粉した雌ずいから得られた種子

の発芽力がす ぐれ,最 終発芽率 75%と なった。一方,

自家受粉では開花 2日 前の受粉によって得られた種子

は72%の 発芽を示 し,種 子が最も多く得られた開花 6

日後の雌ずいの種子の発芽率は44%で あった.

アジアテイックハイブリッド
`エ

ンチャントメント
'の

受容性 と自家不和合性反応.

種子形成に及ぼす花齢の影響




