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SEED SET AND POLYEMBRYONY IN A M O R P H O P H A L I  US
C A M P AN U LA T U S  BLU ME1
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A B S T R A C T

lu  Amorpkophallus campanulatus there is a com plete absence o f seed set under natural co n 
ditions. Six cultivars were studied for stigma receptivity in relation to seed set o f which 5 culti
vars weie identical regarding morphological and  o ther characteristics while one cultivar differed 
regarding the time of anthesis, shedding o ' pollen and  fruit m aturity . The pollination was 
100% successful in the period between 24 hrs to 78 hrs before anthesis. A mean .seed set of22(i
per fruit h.meh could be obtained between 30 hrs and  78 hrs before anthesis and  it is concluded 
thai the presence of extrem e protogym ' coupled with the delay in  the opening of the spathe is 
re-ipoasi.jic- lor the lack of seed set under natural conditions. Seeds d id  not show any dorm ancy 
and a m ean o f 2.8 sprouts per seed was noticed. T w o  seedlings having independent root sys
tem were noticed m  the same seed and up to 3 seedlings could be raised from a seed through 
seed pieces suggesting the presence oi polyembryony.

IN T R O D U C T I O N

In  A  mo rphoph alias campanulatus Bluine, 
popu larly  know n as E lep h an t foot yam , 
is widely cultivated  in In d ia  an d  m any  
tropical countries and  is consum ed as a 
vegetable or as a subsid iary  food. T he  
lack oi seed set under  n a tu ra l  conditions 
is an  im p o r ta n t  constra in t in  the genetic 
im provem ent o f  the crop. Successful 
seed p rod uc tion  has been reported  in 
Amorpkophallus (A rakeri, 1950) an d  the 
seeds are  reported  to be d o rm an t for 5-6 
m onths (Arakeri, J 956) and  R a jen d rau  
and  Hrishi (1976) could overcome the 
do rm an cy  th rough  ru n n in g  w ater t re a t
m ent. H ow ever, the  causes restricting 
the seed set under  n a tu ra l  conditions have 
n o t  been de term ined  h ithe rto  an d  yene-o
rally  p resum ed to be due  to h igh female

from eytoiogical a b n o rm a li

ties, m u ta tio n  an d  continuous vegetative 
m ultip lica tion  (Arakeri, 1950; K rishnan  
et a l 1970j. T h e  present investigation 
was u n d e rtak en  to de term ine  the causes 
for the lack c f  seed set u n d e r  n a tu ra l  con 
ditions an d  to devise m eans to achieve 
seed set so th a t  in tragenom ic  im prove
m en t th rough in tc rvarie ta l hybrid ization  
can  be a ttem pted .

M A T E R IA L S  A N D  M E T H O D S

T h e  well developed, one year old 
tubers belonging to six cultivars were 
used in the study. T h e  vegetative, tuber 
and  o ther floral characters were found to 
be iden tica l in five accessions and  hence 
considered to be a single variety . H o w 
ever, in one cu ltivar, though  it d id  not 
differ significantly on m orphological c h a 
racteristics, the time of anthesis an d  d u r a 
tion o f  fruit m a tu r ity  were found 10 be
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characteris tica lly  different and  considered 
to  be a separa te  v a r ie ty - . Because o f  the 
p a u c ity  in ge tting  flowers a n d  flowering 
confined only  to  a few days prior to sp
rou ting  the studies were continued  fo r
3 vears to achieve sufficient n u m b er  oi /
pollinations. A to ta l o f  850 tubers were 
observed from  w hich  onlv 34 in fl ores-

✓

CCIK’CS could be ob ta ined . T h e  tubers 
were p lan ted  only after the form ation  
of inflorescences.

T h e  stigm a receptivity  was d e te r 
mined in re la tion  to anthesis. In  polli
nations only  fresh pollen  was u ti l ized . 
In  o rde r  to e lim inate  the  possibility of 
failure in pollinations due  to lack o f  pollen 
v iability  a t  la ter periods, longevity o f  p o l
len u p  to 24 hrs was de te rm ined  by  g row 
ing the pollen in cu ltu re  m ed ium  as des
cribed b y -Jo s  el af. (1967). A ltogether 
30 pollinations in V ar  1 and 4 p o ll in a 
tions in V ar. 2 were m ade.

T h e  presence o f  m ore th a n  one active 
sprou-t in a n u m b e r  of seeds ind icated  
the possible occurrence o f  polyem bryony. 
H ence  germ ination  studies were conduc
ted on full seeds an d  seed pieces to d e te r 
m ine the possibility o f  ob ta in ing  m ore 
th an  one p la n t  from a seed.

O B S E R V A T IO N S
*

In Amorphophallus campanulatus the  in 
florescence is a spadix  w here the spathe 
encloses the m ale an d  female flowers (Fig. 
H. T h e  flowers are naked and  hence the

opening  of the spa the  m a y  be conside
red as anthesis. Anthesis takes place 
ab o u t 24 hrs before the libera tion  of 
pollen.
T h e  two varieties were found to be c h a 
racteris tically  d ifferent from each  o ther 
(T ab le  I) an d  the  d u ra t io n  an d  p eak  stig
m a  receptiv ity  w ere also com puted  diffe
ren tly  in the two accord ing  to the time of 
anthesis.

Pollination studies in Vay. 1 : T h e  a n 
thesis took place a t  about 6.30 p .m . and  
the inflorescence em itted  a nauseating  
smell. T h e  pollen were libera ted  on the 
nex t dav  and  were collected an d  kept

*

a t  room  tem pera tu re . T h e  pollen were 
slightly sticky and  found suitable for 
insect po llina tion  an d  a large num ber 
of bees were found a t tra c te d  by  the 
odour em itting  from  the inflorescence. 
Since the sam e pollen h a d  to be used till 
nex t d ay  to de te rm ine  the  stigm a reced- 
tiv ity  the  longevity u p  to  24 hours was 
critical. W h en  one d ay  old pollen was 
grow n in a m edium  con ta in ing  1% suc
rose ~f 25 p p m  boric  acid , the  pollen ger
m ina tion  was h igh  an d  very  long pollen 
tubes were noticed suggesting th a t  the 
pollen w ere v iab le  u p  to 24 hours  and  
there  by  ru ling  o u t  the  am biguous factor 
of longevity from the  stigma receptivity  
studies.

Pollinations were effected a b o u t  126 
hours earlie r  to anthesis to 24 hours  after 
anthesis. T h e re  was a com plete  absence

Characters

TABLE 1

V A R T A T fO X  RETWF.F.N T H E  TW O  CULTIVARS

V ar. 1 V ar. 2

fim e o f  anthesis

i 'iiiF: of.shedding u.l pollen

Evening

» x t  day evening

Noon

Next day noon
4 ♦ • * 

Duration of m aturity  for fruit;* months 4 i  months
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TABLE I I I

T h e  f r e q u e n c y  o f  s p r o u t s  o n  t h e  s e e d s

No. of 
sprouts 5

M ean 
No. of 

sprouts 
per seed

No. ofsecds 12 27 40 25 1 1 2.8

n u m b e r  of sprouts varied from 1 to 6 (Figs. 
4-6) and ab o u t 3 8 0o seeds showed 3 
sprouts an d  the m ean n u m b e r  of shoots 
was 2.8 pe r  seed (T ab le  I I I ) .

T h e  sprouts were found up  to the m id 
dle of the seed a n a  most of the sprouts 
were confined to the m icropy lar region. 
W hen the seeds were cut transversely 
in to  2 pieces and  sown separate ly , the 
basal portion  o f  the seed did  no t germ inate  
a t a ll and  the shoots developed only from 
the top  po rtion  (Figs. 7. 8). In  a n u m b er  
c f  seeds there was a cen tra l well de /eloped 
sprout flanked by sm aller la te ra l  sprouts 
(Fig. 4j. W hen  the m ain sprou t was 
removed^ one or m ore la tera l sprouts 
could develop vigorously (Fig. 9). T h e  
seeds were m ad e  in to  pieces hav ing  one 
sp rou t each and  a m in im u m  o f  1/6 seed 
was also sown. In teresting lv , in d e p e n 
d e n t  seedlings could be established from 
seed pieces (Fh>s. 10, 11) and significantly 
a  seedling could be ob ta ined  even from  a 
1/6 seed piece. By establishing seedling 
from  seed pieces up  to 3 in d ep en d en t seed
lings could be developed from a single 
seed. Even w ithou t resorting to raise m ore 
th a n  one seedling from  a  seed th rough  
seed pieces, up  to two separa te  seedlings 
w ith  in d ep en d en t roo t system could be 
observed in situ on the  seeds (Fig. 12).

T h e  resulting seedlings raised from 
seeds and  seed pieces w ere vigorous and  
established norm ally  an d  the leaves were 
d a rk  green a n d  lea the ry  (Fig. 13).

A m ong the 158 seeds germ inated , 11 were
found to be albinos (Figs. 14). W hen
m ore th an  one seedling was established
from  a single seed, a ll the seedlings were
o f  the same type either no rm al or albinos
and  never occurred  together. T h e  a lb ino
seedlings failed to establish an d  la te r  they 
dried .

D IS C U S S IO N

A raceae is a  family w here sterility 
is w idely p reva len t w hich  is a t t r ib u te d  to 
various cytogenetical factors (Jos and  
M agoon , 1971; Jos an d  N air, 1976; Jos 
et a l . , 1977a; R a je n d ra n  et a l . , 1972). 
Seed set is absen t in alm ost all the edible 
and  a  n u m b er  of wild species of aroids 
u n d e r  n a tu ra l  conditions. T h o u g h  seed 
set h ad  been achieved in a  few plants 
ad op ting  extensive hybrid iza tion  (Ara- 
keri, 1950; M cC olley and  M iller, 1965; 
H a r tm a n  an d  Zettlcr, 1972; V olin  and 
Zettler, 1976), the causes of lack of seed 
set u n d e r  n a tu ra l  conditions was no t 
critically  analysed. T h e  presen t study  
on Amorphophallus campanulalus has clearly 
shown th a t  the lack of seed set is not 
due  to any  sterility b a rr ie r  b u t  due  to the 
tim e of anthesis in re la tion  to  stigma re 
ceptivity. T h e  m ax im u m  fruit set and 
seed set have been achieved betw een 30 
hrs and  78 hrs before anthesis w here a 
highest seed set up  to 395 seeds in V ar.
1 an d  886 seeds in a  b u n ch  in V ar. 2 could 
be realised showing w hen the stigma is
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receptive the inflorescence is in  a  closed 
condition  and  the  stigm a receptiv ity  is 
a ltogether lost a b o u t  24 hrs before an th e-  
sis. T h u s  it is qu ite  a p p a re n t ,  cross 
po llina tion  is p reven ted  by  the  closed 
n a tu re  of the spa the  while the an thers  
do  no t dehisce u n ti l  24 hrs la te r  to  an the- 
sis e lim ina ting  self po llina tion  also. H ence 
it is concluded th a t  the  lack of seed set in 
e lep h an t foot y am  is due  to  extrem e pro- 
togyny coupled w ith  the de lay  in  the 
opening  of the spathe.

R ecen t studies have established the 
occurrence of pro togynv in vary ing  d eg 
rees am ong  the d ifferent species of aroids. 
T h o u g h  Colocasia esculenta is also protogy- 
nous, because of the  fact th a t  the anthesis 
coincides with peak  stigm a receptivity , 
seed set occurs readilv  u n d e r  Held con-

4

ditions (Jos et a L , 1977 b). In  Caladhim 
bicolor even though  reduced  receptivity is 
d iscernible ju s t  a t the tim e of anthesis, 
the failure of spathe  to separa te  a t  the 
neck region obstructs the en try  of noctu r- 
n a 1 insects to the female region thereby  
e lim inating  seed set u n d e r  n a tu ra l  con
ditions (Jos «i a L , 1980 b ) . However,
in Xanthosoma sagiftifoiium  popularly  known 
as tan n ia .  even the  trace stigm a recep
tivity  is lost a b o u t 13 hrs earlier to anthesis 
and  m ax im u m  seed set is realised 24 hrs 
and  40 hrs before anthesis (Jos et aL , 
1980 a). H ence, it  m ay  be concluded 
th a t  the  presence of extrem e pro togyny 
coupled with the delay  in the opening  of 
the spathe  is responsible for the lack of 
seed set in Amorphophallus campanulatus 
u n d e r  n a tu ra l  conditions.

T h e  seed dorm ancy  has been reported 
to be responsible for reducing  seed ger
m ination  in e lephan t foot yam  (Arakeri, 
1956) and  runn ing  w ater trea tm en t for 
about 6 days is reported  to be a d v a n ta 
geous in overcoming seed dorm ancy  
(R a jend ran  and  -Hrishi, 1976). However, 
in the present study the seeds have shown

a tendency to develop sprouts in situ 
and  d irec t p lan ting  also resulted in  suc
cessful germ ination  to the  ex tent o f  75.3% 
ru ling  ou t the  presence of any  seed 
dorm ancy  in the presen t m ateria l 
under  study and it m ay  be a  varie ta l 
character.

T h e  presence of m ore th an  one sprout 
in the seeds makes one to d o u b t w hether 
the seed has developed after true  ferti
lization or apom ictic  in  na tu re . But 
the occurrence of albinos in the seedling 
popu la tion  clearly establishes the fact 
tha t it  is possible only th rough  segregation 
and  apparen tly  th rough  sexual rep roduc
tion and  not somatic apospory. In te 
restingly, the sprouts are  confined only 
to the m icropylar half o f  the  seed. T he  
seeds showing u p  to 6 sprouts and  a  m ean 
of 2.8 sprouts pe r  seed w ere noticed. T h e  
p roduction  o f  3 independen t seedlings 
from a single seed th rough  growing the 
seed pieces and  the  presence of two well 
developed seedlings w ith  independen t 
root system on the  same seed ind icate  the 
p robab le  occurrence of polyem bryony. 
Besides w hen  m ore than  one seedling was 
established they were found to be o f  same 
genetic m ake up  showing either norm al 
or albinos an d  never together suggesting 
th a t  all the seedlings arising from a single 
seed have a  com m on origin. W hen  the 
occurrence of sexual reproduction  and  the 
com m on origin of the seedlings develop
ing from  the seed are  considered together, 
the phenom enon  m ay be a ttr ib u ted  to 
cleavage polyem bryony. M oreover, the 
d istribution  of sprouts up  to the m iddle  of 
the seed and  most o f  the sprouts in the 
region w here the true  em bryo is located 
fu rther  augm ents the  p robab le  develop
m en t th rough  cleavage polyem bryony as 
reported in a  n u m b er of p la n t  species (M a- 
heshwari, 1950). However, the m ode of
developm ent o f  m ultip le  sprouts in the 
seeds has to be studied in detail to deter-
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m ine the origin o f  m ultip le  seedlings and  
the  work is in progress.
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